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PREFAtE 


The greater part of this vol^e is devoted to the silicates whic?i, in turn, are 
elosely connected with mineralogy. In the original design of this, work—many 
years backwards—it was natyntended to devote so muth space to ^e minerals, but 
no found reason could be found fof exclujjing the purer minerals ^om inorganic 
chemistry. It is merely %a accidental circumstance that the majority of the 
silicates has been made in Nature’# laboratory where she is ^ontinuflly carrying 
on an endless variety of chemical operations, the results of which, lille those which 
Bbtain in,our own laboratories, belohg to the domain of chentistry. No one doubts 
that the minerals have been formed by 1^e operations of the very same l^s as 
those which are recognized in general chemistry. On its chemical %ide, therefore, 
mineralogy is a subordinate branch of inorganic chemistry. 

In many of the legal cases tried in the coilrts in connection with the so-called 
“ mineral rights,” it has been instructive to sec how difflculj it hat been to get a 
definition of a mineral which can hold its own against the cross-examination of 
the opposing counsel. Those accustomed to declaim only before passive listeners-in 
are sometimes bewildered by the conflict of testimony which is more or less 
dominated by training, temperament, interests, and desires. From the chemical 
side, the definition is neither more nor less difficult than is the definition of a 
chemical compound discussed in the second chapter of this work. « 

An »ppalling number of analyses have Jifen reported for many minerals. As 
a resnlf, the chemist can regard most minerals only a# more or less “ dirty com¬ 
pound?.’* To continue the language of th^ laboraiory. Nature has uqpd "dirty 
beakers and»dirty solvents in the production of miaeralB, and she has not always 
preserved her products from contamination after^ thef have been made. These 
dirtf compounds ” have often received different names, and even different 
names with different degrees of contaminatiofl. It is therefore a problem for the 
•mineralogist to select a. kind of representative or iHealiz^ Mineral from a mass 
of analyses of coutaijiiiinAtd products. _ i, . . 

The difficulties which'ius.V'attended'the efforts to find the essentiHl compogkwn 
of aJeineral have been accentuated when the attempt has been made to eluci^te 
its amstitution. In particular cases, owing to the paucity of rilevant facts, quite 
*« nunjber of opposing hypotheses has been defended. There is a temptation tq 
solve or perhaps evade many of the difficult problems by regarding the untraotable 
minerals #s solid solutions of a number of simpler compoitents* So Iqng as ^ 
constitution of a mineral hae^not been completely elucidated, ^it is better^ 
^ enjploy the mineralogist’s term in place of a systematic n*ne; olhet^ise, as ^ 
the case of some compounds in organic chemistry, the name adopts wlldejili# 
on the particular hypothesis which happens to be in fashion at the tii^i^, I 
cannot help taftng the opportunity of expressing my j^preciation of 
work being done under Dr. AsL. Dsiy at the Geophysical ^boratgfy, ^megie 
Institution of Waslungton. Here a good start has been made in introducing order 
the mineialogical chtfos. * • 

' The chapter on carbon does not include those hydrocarbons, and their derivatives 
^igmMnoidy bat ^bitrarily admitted into inorganic cbemisti^f the cyanides ana 
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oyJhicfts; nor dolB'it include the jpombustion If the hyd^jcarbom 
Thei^Snbjeote fcay l8telib% discussed in a suppem^tary volume. 

_ I greatly appreciate the ^ndness o4 nty colleagues—Dr.»A. 8cott|Mr. H. V 
Thompson, and 3Jr. A. T. V^en—who hav| read t%e proofs of this and tfi( 
previou# volumes; of A. Rigby, who has also r»d aH the ijplumes; o 
Mr. F, H. Clewsfwho has read from Vol. Ill; of Mr. L. S. TSeobald, frdn 
Vol. Iv^and of Mr. A. J. Dale, from Vol. V. , * , 

. * , ' • T W .M 
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/^FBaEVIATIONS 


aq. >■ aqueous 

atm. => atmospheric oTtHmospher^s) 
at. vol. 3= atomic volum%(8) 
a* atomic weight(8) • « 

T® or ®K « absolute degrees of temperature 
%.p. Joiling point(8f * 

0° >B centigrade degrees of temper|>ture 
coei!.*^» coeffifient 

coDC^» concentrated or concentration 
di]. dilute# 
eq. » equivalent(s} 
f.p. « freezing point(B) 
melting poin?(8) 


m.p. « 
mol(s) 


fgram>molecule(e) 
* t gram-molecular 

_|molecule(8) 

“(molecular 


mol(B).a 

mol. ht. molecular beat(B) 
mol. vol. =« molecular volume(8) 
mol. wt. = molecular weight(fl) 
preBB. =» pres8ure(8) 
sat. — saturated • 

Boln. = 8olution(8) 
sp. gr. = specific gravity (gravities) 
sp. ht. » specific heat(B) 
sp. vol. =« specific volume(s) 
temp. = temporature(s) • 
vapour 

the cross refeirSntjgS ^ first nun^er in clarendon type is thJ jumber oJ the ^ 
voluma; the second number refers to* the chapter; and the succeeding number refers to the ,• 
“ j," sfo'tion. Thus 5. 88, 24 refers to § 24, chapter 38, volume 6. , •> 

The oxides, hydrides, halides, sulphides, sulphates, carbonates, nitrates, and phosphates 
afe oon»dered with the basic elements ; the other compounds are taken in connootin with 
the acidic element. The double or complex salts in connection with a given element inclndo ' 
those assogated with elements previously discussed. The carbides,* sUloide^ titani^, 
phosphides, arsenides, etc., are considered in oonnection with carbon, silicon, titanium, em 
The iutennetalJio compounds of a given element inoinde tffose amoeiatdd with elements 
"^previously considered. 

The use of trlangfUlaF tllagpains for representing the properties of three-oomponent 
systems was suggSsted by G. G. Stokes (Proc. Bog. Soc., 41k 174, 1891). The method was 
immediately taken'up in manj directions and it has proved e! great value. With praotiee it 
becomes as useful for representing the properties of ternary miitureseas squared paper is for 
Unary mixtures. TheVrins'Pl® of triarfgula^ diagrams is iiasod on Jihe fact that in an equl- 
latenl triangfe the sum of th» perpendicular distances of an^ point from the three eides Is 
» constant. Given any three subetances A, B, and C, the oompo^itBn of any possible 
oomBnatipn of fteee can be represented by a phfut in or on the trijugle. The apices of the 




FiO( 4.—Standard Reference, Triangle. 

1 diagram, Fig. 4,^hus repr^onta a ternary mixture. For instadliy ^he point M represents i 
mixture oontaiAiug liU per cent, of A, 20 per cen*. of B, fyid^ Plicen^. of 0. 


CHAPTEK XXXIi {conhmied) 

CARBON (eonlinued) 

§ 30. The History ol Carbon Dioxide 

In the first century of olrr era Pliny ' mentioned the exhalation of lethal vapours 
—spirilus Woks—from cavems, like the Grotto del C^ne, et* It wifs also known 
that the mfld alkalies gave df^a gas ^th eflervescence when treateif w^^h ac5tic acid 
or vinegar—vide 2.20,1 No one, however, wceognized that these pSonomcna were 
produced by specific gases. A. Libavius, in 15i)7, also noted tjje acidiiaqualities of 
certain Inineral waters which he hftrihuted to the presence af an Jmponderable 
spirijM) of great volatility. Short^v afterwards, .1. B. vay Helmont, who had 
I’mimorlelk gloire de reveler scientlfii/nement I'existente de corps invisible et impalp- 
abtes—les gaz, pointed out that: ’ ^ • 

Carbon, and, in generaJ, bodies wliich cannot be unmediatoly resolved into water neces¬ 
sarily give off, during eoiiiliastion, epiritm sylveslrU -vide, 1. 3, 1. Sixty-two parts of 
oak-eharcoal leave one part of ash, and the remaining sixty-ono parts produce the apiritus 
sylveatrht. * 

In addition to the formation of gets sglveUre (i) by the combustion of carbon, 
and (ii) during fermentations, ,T. B. van Helmont showed that (iii) it is also formed 
when calcareous stones are treated with distilled vinegary and (iv) it is found in 
the air of caverns, mines, and cellars, (v) Mineral waters like those of Spa dis¬ 
engage the gas sylvestre when exposed to the ^ir ; and (vi) the flatus produced by 
the digestion of food and by the cxcrement»is gas sylygstre: J. B. van Helmont 
called sylvestre many names—<;«« carbonum, gas vinarmn, gas uvarun^ gat 
musli, etc. (^. Wren, and J. Bernoulli made Some c^firmatory observatibns, ant 
S- Hoffmann m his work on mineral waters often alludes f/this gas as the pnnei^un 
tffiriluofftm, spirilm mineralis, and Bss frequent^ as the sjUrilus stdphureus 
spirUus cethereus, and spirilus elasticus. He disfovi^ed that when charcoal is burnt 
it dissolves in the atmosphere producing choke-damp* and he noted that like 
(bids, the soln. of the ga^i water reddens blue-coloured oKtracts of plants. The 
subject was discussed F. Hemachy, etc. E. Boyle noten the evolutioji 

of AHfactitious oir—when corals or oyster shells are treated with vinegar, 
and in fermerttations. S. Hales made some observations on Ahis gas in 1727 ; 
H. Boerhaave, in 1732, emphasized the suffocating effects of gas sylvestre, although 
tins quality had been noted by J. B. van Helmont. 

J. Black’s work in 1757 on the mild and caustic alkalies-;-j.e. alkali carbonates 
and hydieftides—showed that ^Jie causticity of quicklime was not dile to tljw 
union of phlogiston with elemental chalk, but rather is ch%lk pxidnced by the 
union of quicklime with what J. Black called fixed air—^vide 2! 20,’ 11. In 
1764, D. McBride studied the formation of fixed.air in fermentation and putre¬ 
faction, and its jtresence in blood, and in atm. air. In 1766, H. Cavendish made a 
number of observations otf fixed air, and found that fAed air precipitates chalk 
from a soln. of lime-water, and tRat the precipitate is redissolv jd by tie continued 
' action of fixed air. T. Lane also examii^d the action of an cq. soln. of fixed air on 
itRn and zinc. J. Priestley»made some observations off the gas in 1767. Then 
followed, in 1774, T. Bergman’s classical dissertation on the gw which he called' 
aeriat acaj—ths'acld of the air. He showed tljat the gas behaves like acids in uniting 
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the soln.,iike acids, 
further proved that 
- ga» with quicklime, far, 
[inie does not slake in hied 
B. M. Bucqq^t called the 


with bases like Time; that ihe gas is solifble^n watcfj 
reddem litmus ^ and tliA i4e gas is heavier than atp. air. 
the presence ot water is necessary for^tha union of the 
quoting an ciperiiijicnt hy J. Bucquot (1773^ “ quicMi] 

air but i$ may be instantly slaked in aerated water.”^ -- ^ 

gas adde d la craie^ J. Keir (17J7), c^lcartous gas ; and L. B. G. de Morve^ (i7e2j,* 
acide r^hitiqne, and the salts, meph^s — e.g. mephite de potasse ^ niephrte ^ am- 
moniaque ^t(?. The term ^as rnepn^que was^elsewhere used for nitrogen, ^o that 
L. B. G. Je Morveau’s term was not adopted. > * * 

• J. B. van Helmont assumeddjiat the gas sylvestr*in jpiueral water was deriVe^ 
from sulphur, and hence ¥. Hoffmann’s term spiritus sulphureus ; but G. E. Stahl 
(1702) did not«iccept this view. B. G^ Sage regarckd it as a kind of phlo^stsoated 
hydrochloric acid; and tf. K. Beiman and P. van Troostwijk, P. J. Macquer, 
J. Priestley, 5k:heeie,R. Kirwan, etc., madwvarious suggestions in which 
fixed aif wasijegarded as a combination of pklogistoi^with oxypn, nitrogen, or an 
acid. A. B. iTavqisier then showed Idiat just as mercuric oxide is formed when 
mercury is heated ig oxygen, so is fixed air formed \^hen carbon is heated in that 
» gas; and he^e-chMstened fixed air, acide a^tUonique in harmony with ttie anti- 
phlogistian’s views on^combustiou. A. L. Lavoisier, alone, and also in conjunction 
with P. S. do Laplace, showed that acide carJ^nique is a compound of 2^'5 to 2^9 
partf'of carbog with 71T to 76‘5 parA of oxygen. A. L. Lavoisier obtained the 
gas by the combustion of the diamond in oxygen, and S. Tennant analyzed it in 
1797. Subsequent observations ai^ indicated in connection with the at. wt. of 
carbon {q.v.). ,The gas now called carbon dioxide was liquefied by M. Faraday in 
1823, and solidified By M. Thilorier in 1835. 
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§ 31. Occorrence o! Carbon pioxide 

Carbon dioxide As one of the most important’of the aejessory constituents of 
air. "In 1796, H. B. de Saussare i directed special attention to the carbon dioxide * 
, content of the atjn., and hi established its presence in the mountain airftf Switzerlald 
‘as well as in the air of the plains. His son, N. T. de Saussure, followed \iv the 
inquiry in 1823-30, and concluded; > * * • 
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The quAtity oi car!^ diosnde in open air in the ^hme nlaoe is subject to almost 
continual changes equally with the temp., the winds, the rainJand atm#pre8s. . . . The 
augmentation of the average quantity of c^bpn dioxide in ^nmor and its diminution 
ill T^ter are ftianif^ted at dil^rent stations—iA the country as in the cit/, upon the Lake 
of Genefa and upon a hill, anain cAlm in difturbed aii^. . . The Attio is not constant 
throughout thf year. There Cre^iines which form exceptions, ^id in which the ^lontity 
^ffCO'lAm dioxid^in summer is inferior to that in wjnter, 4 >r vice versa. « . . The difference 
m the quahtitios of carbon dioxide contained in the atm. in calm weather, during jjkay and 
night il one of the fno8( remarkable rosuy^s of my‘4^ observations—more iaprevent during 
the nigh# than during the day. . . . The air of Ge^va contdins more carbon Aioacide than 
\ the air of a me^ow at fhambeiry. • 

• 4* N. T. de SausArelielieved that rain iifcteased the proportion of carbon 
• dioxidf, but later found that a greater proportion was present in drg weather. A 
few analyses are quoted 'in Tame XXL Cdllections of Mata have been compiled 
by R. A. Smith, and by E. A.,ljett3 and R. F. Blake. Acceding tcfE. L. Moss, 
arctic air is*riclier in carbon«dio.xide than the air of En|land ; A. Mrqgh found the 
propottion in Greenland to vary from 2'5 to I'Q parts per 10,CKX); anWR. Legendre 
found 3’5 parts in 10,000 in ,icean air oft Western France. In*gencr%l, however, 
the pro]iortion of carbon dioxide inuthe atm. is very nearly ucuistant. Atm. air 
contains about 3 vols. of carbon dioxide per 10,000 vols. i.e. 0'046 per cent, by 
weiglit. Tjjese figures may bo regIrded as a norm or standard of reference. 
Aceording to F. W. Clarke, this norm Corresponds with about 2,200,000,0()0,000*on8 
of carbon dioxide, or 600,OUO,<XK),000 tons of carbon. A. Krogh estimated the 
total carbon dio.xidc in the atm. to be 2'4xlO*- tons; and C. R. van Hise, and 
W. Dittmar obtained similar estimates, while T. C. Chamberlin made a rather 
higher estimate. There are moderate variations above and below Ihe standard. 
In towns, for example, the proportion is greater, and in the open country it is less ; 
but the excessive accumulation of this gas in any one locality is prevented by the 
circulation induced by winds and atm. currents, vide atmospheric air. 

Table XXI. - Determinations of the Amount of Carbon Dioxide in Atmostheric Air. 


•Locality. 

Paris . ■ • • 

^HIAleppe 

Ind. 

Country of Belgium 
Gombloux . 

Sheffield 

•l^miles west of Sheflield 
Mont Blanc, 1080 m. 
Mont Blanc, 3050 m. 
Belfast # . . . 

Kew (max. and min.) . 


Vols. of CO^ per 10,OU(^ 
vols. of ulr. 


3-027 

. ' 2-942 

2-8m ; 

2- 944 j 

3- 70 1 

. , 3-90 


• 2-09 I 

2*91 I 

2-43 to 3-00 I 


Obuervor. 


J. AjeHeuet 

J. A. K(«et ^ • • 

T. C. van Niiys and B. F. Adams 
A.^*etermann and J. Oraftiaii 
A. Petertnann ^nd J, Graftiau 
W. C. Williams 
W. C. Willifins , 

M. de 'fhierry • 

M. do Thierry 

Vj. A. liotts and E. F. Blake 
H. T. Brown ana F. Kscorobe 


The chief sources of the carbon dioxide in the atm. are (i) th« evefiution of carbon 
dioxide froril mineral springs, volcanoes, etc.; (ii) the combustion of fuels, thus?^ 
in 1844, .1. B. J. D. Boussingault estimated that about 3.(W0,(XXicub.^Jl^tre3 of this 
gas were generated daily by the combustion of fuel, and by life in Paris, and if. Krogh 
estimated that about one-thousandth of its present tontent in carbon dioxide was 
added yearly toth# atm. by the combustion of coal; (iii) Jjje respiration of animals ; 
(iv) the decay of organic matter; and (v), added F. W. C'lhrke, perhaps the majority 
of shooting stars represents the coAbustion of carbonaceous metdbrites in the upper 
fegions of the atm., and thj consequent addition of cafbon^dioJdde to the air. Few 
8U(A meteors Jeach the earths The main counterbalancing influences are (i) the 
decomposition of carbon dioxide by plants. H. T. Brown found that the* air 
before passing thfoUgh a vessel containing thejeaves of a growing pljnt contained. 
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i’so parte of carbon dioxideV* 10,000, an'd o| leaving I'v/parte per ll.OOO; the 
ioM 1'06 correiponded assimilation of 4I2|C.c. of (»rbon dioxide at nj.p,, 
persq. metre ef leaf surface per houft •Under constant iMumMatio», the ia^e 
was directly proportional to\he partial press, of the las. E. H. Cwk estimated 
that tH leaf action alcJie more than compensates^o^the mcrea^ w the .carbon 
dioxide in the atm., and witirtiiit this influence, the amount of carbon dioxi<fe4i# 
the at3t. ^oujd double itself in a fl|^tury. A part of the carbon dioxide*with- 
drawn bjj' plants is restoreil when rae leaves* decay in autumn, but a portion is 
withdrawn permanently, (ii) CarbSn dioxide is consumed in th^^eatherin^ of c 
rfleks.' T. S. Hunt attempted to estimate the amoutt ot carbon dioxide ctAsumed 
in the production of china clay from ortboclase; and added that the carbon didxide 
now represeiilbd by the garbonates |f the earth | crust^nust have equallSd two * 
hundred tiiqps the entire amount in the present'atm. The carbon of the coal 
mcasuy’s and of th(!*sedim«ntary rocks has all beorf diycctly or indireetjy obtained 
from the atli^* The soluble carbonates pr(pduced weathering are washe^l into 
the ocean, and there transformed \?ith sediments, shells, coral reefs, etc. The 
carbon of Sfcdimenttry rocks is estimated by ]J. W. Ctarke to be about ^,000 times 
that contained in^he atm., and T. C. Chamberlin estimated that 1,625,000,000 
tons of carbon dioxide are annually withdrawn from the atm. in the format^oiv of 
sedypentary rocks. ^ • • 

in 1848, % J. Pelouze and E. Fremy pointc-d out that although no app’tecia'ble 
variation in the jiroportions of oxygon and nitrogen had been detected by analyses 
of atm. air, yet the method.s of anftlysis are not exact, and that it is quite possible 
that the cbmpositiqn of the atm. is undergoing very slight variations which will 
become appreciable only after the lapse of a great number of years. J. B. A. Dumas, 
and J. von Liebig seem to have regarded the composition of the atm. as a fixed 
constant which is maintained by the mutual action of the animal and vegetable 
kingdoms whereby the former introduces carbon dioxide and the latter removes that 
gas and introduces oxygen. C. Martins, however, lias shown that the supposed 
f, comjieusations must be fallacious when it is remembered that the quantity of oxygen 
consuined by the entire animal kingdom is out of all proportion to that^contained 
in the entire globc—somotO Ol I per cent, per century. t 

Th^ comparatively largq iiroportion of free oxygen in the atm. iswsinarkable 
when it is remeinbi'rcd whaia strong affinity oxygen has for other suibstances—e.^. 
gra{)hite, salphiy, pyriteS, and other sulphides which occur in primitive rocks hT 
an unoxidized state. Thesis fects have been cited to support the thesix thatCtC 
'primilive alr/wspliere of th$ cam contamd no free O'xyyen. It is agreed that the later 
deposits of coal and of the tarbonate rocks were derived from the carbon dioxide 
formerly di.Itvscd in afi* and sea; and the great extent lii^coal deposits as contrasted 
with the indrc recent deposits of lignite rfnd peatt hai bwn cited to support the thesis 
that a considerably larger proportm of carbon dioxide mud have bem preset in the 
iunwsphere durinjj the period of the coal flora than now. There is, however, nothing 
to show that this stored carbon was ever all present in the atm. at one time. ^ At 
is further supjmsed that during this period, an evolution of oxygen from the vegeta- 
tion mujrt have beemred simultaneously with the absorption of oxygen. C. J. Koene, 

»f. Lemberg T. L. Pliipson, Lord Kelvin, J. Steaenson, etc., argue thal the earth's 
primitiyc atpi. contained very little oxygen, large quantities of carbon dioxide, and 
possibly appreciable quantities of hydrogen, carbon monoxide, and hydrocarbon 
gases. In further support of*the argument, it is said that no oxygen is found in 
the gases extracted from ^ocks. « * 

Accordjpg to the nebular hypothesis, the tqpip. of the earlh was once above 
the dissociation ^int of most oxides or oxygen compoi^nds, and therefore the 
eartTi’s supply of ox^geg ma^ have beenffrec. ' On cooling, ^he oxygen united iijith 
^ the elements for which it had a sufficient affinity, flrat with the lighter and more 
ozidizable elemefits—silicon, carbon, aluminium, calcium, magn^um, pot^um, 

• and sodium-^and & large quantity of silica or silicate would be lormed as a tffici 
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BTirface lajjr hinderii^ the pas8age|of t1>e remaining axygen to tHh still oxidirable 
•elements lower down. Otherwise, the graphite and snipj^des fouid in the oldest 
rocks would|hav(k bees oxidized. It ha^p^ that there is about QPOO times more 
combined than free oxygcnt swthaj the eairth’s supply has combined to the extent 
of 99’98 percent, of the rotab and it seems likely that a{l the oxygen wofld have 
•se Bo&ibined were it not for counteracting influences. Naturally, after the oxygen 
had been all consumed a considerable exces^f hydrogen and hydrocarbm gases 
remained. This is dvidenced by the spectra W the suij and stars. By tRe presence 
of metal carbides, *ai^l of occluded hydrogeif in meteorites. It is then'assumed 
that vtgetation appearedTrinwre or less aiiffirobic-yjnd as the vegetation increased 
the proportion of oxygen in the atm. likewise increased, and the proportion of carbon 
dioxide diminished. As|ime went on, the ajiount of oxygen increased until animal 
life became possible and animajs appeared. Animals take in oxygen and give off 
carbon diijcide. The two types of organism dcvelopecl until * state ol equilibrium 
was jttained. According to*thi8 hyjiothesis nearly all the free ox^^ at'present 
in the atm. has been derived from carbon dioxide, and has beep produced by the 
action of sunlight on vegetatifln growing in an atm. of this gas. • • 

White the cooling earth was at* 8 high temp, no carbonate* coulj be present; 
tl\fv must have been formed aftetthc earth had cooled. ,As indicated above, 
T. S Hmft estimated that if all th<! carhon dioxide at present in the earth as 
carboilhtcs were set free, the atm. would have 200 tinms its present jmount. ISuch 
an atm. would have a much greater solvent action on silicate rocks, so that the 
rates of formation of carbonates and of the denudation of silicates would be greater 
than now. The effect of the weathering of silicate rocks is to decrease the amount 
of carbon dioxide and of water in air and sea. It is estimatfld that the water at 


present combined in terrestrial rocks amounts to about one-third or one-fourth of 
that contained in the ocean. W. Ostwald considers it probable that more carbon 
dioxide is withdrawn from the atm. than is restored ; as a result, there is a slow 
diminution of the floating carbon-capital taking place on the surface of the earth. 


That change must be very slow, as is exemplified by the fact that analyses extending 
over a century show no definite alteration. , 

The premises from which this story has bden elaborated are not unimpeachable. 
The obsaiwations which have been made at high temp, in electric furnaces Jhave 
shown that tljp oxidized compounds were not neces^rily formed first. I'hc first 
uompounds were probably carbides, silicides, etc., and iiAhat case, al\ the oxygen 
wwuld he atmospheric. As illustrating*the extremd case, H. Lemcque argues that 
the great masses of limestone were formed by the ^tm. jxidation of the primitive 
carbides. In any case, it will be evident that two equally plausible lines of 
argument furnish opposiijgiconclusions—one that the prinfitive at^. was rich in 
oxygen, and the other thafcit ^s free from oxygen. ^ , 


Thcde are other hypotheses. T. S. Hunt, and A. Winclioll argued in favour of an atgi. 
of carbon dioxide drawn from celestial st.urces; but there is no satisfactory evidence of 
ttajp. S. Meunier combatted this hypothesis, and he favoured the assumption that the 
carbon dioxide was added to the primitive atm. by volcanic agencies. T. C. Chamberlin, 
and E. H. L. Schwarz favour the view that the planet was built up by accretion or the 
alow aggregation of small meteorites carrying occluded gases which formed tpe oarti^ 
atmosphere. • ^ ' 

The carbon dioxide present in sea-water has been (i) absorbed froin th8 atm. or 
brought down with the rain; (ii) carried in as hydrocarbonates by river-water; (iii) 
produced front docaying organic matter ; (iv) produced the respiration of aquatic 
animals; and (v) derived in jfbrt from submarine volcanic Jprings. The gas is liberated 
from the hydiocarbonjtcs when^^oral and shell-building orgaiflsms aAimilate the 
normal carbonate. Cafboibdioxide is therefore continuously being added to sea-wator, 
and it is continually being losis; it is cither given up direct!^ to the aijn., or consumed 
in the^ maintenance of marine plants. T. Schlosing ^ has estimated that the ocean 
biflds in sefn. 18-27 times as much carbon dioxide as does the atm., and he regarde4 
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the ocean ae thAgroat reguUtive reservoir^)f tWe ps. Theiis a contij^ous inter- 
change of carbfc dioxi4 Mwccn the ocean and thj atm.; the gas is released from 
the waters in warm climates, and absorJiei in cold regions. Jlenee t^atm. su^ljr 
is alternately being enriched and impwerishef The |gulatmg action of mtet in 
maintaiping the state of equilibrium necessary for tbjwSfare of animajg and plants 
was first pointed .out by H. lidligoj in his Kufe sur la eomfositlbn des e<k^, ii!^ 
1850. <rhe rain-water absorbs somaps from the atm,, and 3till,more on cgming 
in contact Vith the soil: ti)en carbrtates are'di,ssolvcd as hyflrocarbonatej, which 
eventuaify make their way to the bcean. C. F. Tolman las' diseased the con¬ 
ditions of equilibrium. Analjjigs of the gases in lea-yater have neen nfedfi bjf 
0. Jacobsen, If. Torniio, K. Nattercr, etc. Usually, there is not sufficient to trans¬ 
form all the lalcium carbonate intojihe hydrocajbonate^ J. Y. Buchahaa, and * 
W. Dittmar found the. amount of carbon dioxide.in sea-water in excess of that 
required for ¥he formation gf normal calcium carbonate in mgrms. per jitre to be, 
at different ^■ihp, . * , 

* 2 .-.’287’ 2 l)’- 2 .-.« l.■l"- 20 " m’- 16 " 6 M 0 ' -r4-S-2" 

COj . , . 3u-ss 37-18 42-(i8 «43-50 47-21 83-31 

• . , •• . ' . 

Hence, the dfceau contains less carbon dioxide in warm than in cold latitudes 

—the average may bt taken as 45 mgrms. i*-,r litre. The variations at diSerent 
dcpyis are less marked: | • , 


CO. 


i^iirfaco 

42-t5 


HKI ratli. 
43-(5 


400 tiitli. 

4l'l 


ao(» fixUi. 
42-2 


Over 800 futli. 
44-6 


Bottom 

47'4 


G. Linck fouqd the maximum solubility of calcium carbonate in sea-water to be 
0-191 grm. per litrc'at 17°--18°; and W. Dittmar found the average sea-water to 
contain O'121 grm. ])or litre. J. Johnston and E. D. Williamson considered the 
warm surface layers of the ocean to be practically sat. with carbonates which 
are subject to jirecipitation by changes of temp., and by fluctuations in the pro-' 
portion of carbon dioxide in the atm. above. J. Y. Buchanan found that the carbon 
dioxide was sometimes in excess of that necessary to form hydrocarbonates, and 
sometimes just sufficient to eonvert the normal carbonates into the, acid s^lt. 

Carbon dioxide is fonyd free or i^mibined in mineral and spring watgrs 
Carlgbad, Seltzer, etc. The original Afnllinmis is a natural water froiPta spring 
in the Valley of Aar, near t1|c Khirle, which has carbon dioxide ire soln., and an 
ncul rcactiop, wliile the Alters of Vicliy, Neuenahr, etc., liavo an alkaline rcactior 
although the san'e gas is in soli. Apollinah-is and other natural waters ar* bottk-d 
and exported, and they are rtnitaied urtifieially and sold as “mineral W’aters.” 
The acidity of walw containing carbonic acid plays a great part in geological 
changes—w'dc^thc wi-alhering of silicates. % *' 

, Carbon dioxide i.ssues as a gas from many pi^t^f tjje earth. C, St. C. Deville 
and F. Ic Blanc s analy.sis * of the air in the Grotta del Cane gave 70’35 p^ cent. 
(A)., 23'7 per cent. N 2 , and (j-O ])er cent. Oj. A stratum of sfinlus IdhaUs is said 
to ocwipy the lower portion of the cave to a depth of about 18 inches on the flooi, 
go that dogs, whose nostrils are near the ground, arc suffocated, while men'are safe. 
During the 18f)9<eruption of Vesuvius, F. Oorceix said the gas which escaped was 
virtually'pure carlmn dioxide. Fliny said that yome persons call verfts emitting 
mcpiiitic fufatti, C'/gi.ro«c(*s scroben —Charon's sewers. The Poison Valley or the 
Valley of Death in Java is an old volcanic crater with fissures from which are 
evolved large quantities of carbon dioxide which fill the valley as water fills a 
lake. The flow is appare^ly intermittent because sometimes scarcca trace of gas 
can be found, at other tunes it fills the valley. A.'Loudon thus describes his 
observation!: <■ ‘ 

t ♦ * -I 

We twk with us two degs and soroo fowls to try expQrilnAits in this p^sonous hoUf w. 

^ On arriving at the foot of the mountain we dismounted arfd scrambled up the side about a 
(quarter of a mile, bolding on by the branches of trees. When trithin a few yards of the 
yalley we experienced, a strong nauseou% sxiifocating smejl, but on coming cl(»e.to its edge 
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this disagijeable odour left us. The ^lle^ appeared t?» b% about half a^mile in circumfir- 
ence, oval, aud the depth^from thirty tOThirty-five feet, the bottom q\iite ; no v(^tation; 
strewed with some very large (apparently) river stones; aral fhe wl\ole covered with the 
slleletons of ^umaa beiags, tigers, pigs, deoi^ p^hcoolra, and all sorts of birds. We could not 
pe^ceiw any vap. or any opting in ti)^ gro\m4> whicli last appeared ^ us to be of a hard 
sandy substance. It was npw proposed by one of the party to enter the valjpy; but 
at spot ^hsre we were this Vas difficult at least for me, as one false step would have 
•brought ys to eternity, seeing no assistance coul<Jbe g^en. W'o lighted our cigars, and, 
with*he a88i8tan(iB of a bamboo, we went down^mthin eighteen feet of the bojtom. Here 
we id pot experience any difficulty in4)reathinj^ut an of^nsive nauseous apieii annoyed 
U8. Wo now faston^id^ dog to the end of a ban*)oo eighteen feet long, and seftt liim in: 
we wtHches in our hands, and in fourteen seconds he fell on liis bock, did not move 

^is limbs or look round, •►ut^ontiikued to breatli^ eighteen minutes. We then sent 
in another, or rather he got loose, and walked in to where tlie other dog was lying. He then 
stood^mie still, and in ton minutes fell on his face, and never afterwards moved his limbs : 
he continued to breathe seW mijutes. We now tried a fovd, which died in a minute and 
a half. Wo threw in another, which died before touching the grounjJ. During those expeii* 
ments we «xperionced a hea^ sliower of rain; but wo iforo so interested by tjio awful 
sight before us that wo did nof cure forsgetting wet. On the opposite s^, near a largo 
stono* was the skeleton of a human being, wh(>niust have perished on his biurk, with hm 
right hand under his head. Fmm being exposed to the weather tho")onoB ^’oro bleached 
as whit® as ivory. I was anxious to pi»curo this skeleton, but any Jijtompt^to get it would , 
have been madness. 


• • 

* fhe Death Gulch of the Yellowstwe Pajk, Oal., is another such valley, where it 
is’said that grizzly bears are sometimes found suffocated to deatUhy the carbon 
dioxide which issues from the ground. The Laachcr Sea is the water-filled 
crater of a preliistoric volcano, and near by w a depression filled with this gas. 
Birds and insects Hying in this region are, suffocated. The gas, issuing from 
outlets in the vicinitv, tends to collect in the collars of houses, where it has 
caused many tragedies by suffocating those who incautiously enter. The gas 
is also emitted from numerous fiimeroles and rents in the ground in the old lavas at 
Brohl in the Bifel; in the caves at Pvrmont; at Lahntal near Rma : raunus ; 
near Driburg in Westphalia, Snndro in Thuringia, Montpensicr, etc. In Auvergne 
in the neighbourhood of Vicliv and Haiiterive, the gas has been utilized m thi; 
manufacture of white-lead. The presence of carbon dioxide, has been recorded m 
volcanic,gases.^ After an eruption at Vesuvius, the,carbon dioxide has been 
reportei* to come from tlie ground, in the vicinity {vide supra), in such quaidihes as 
to asphyxiat(i,numerous small animals and to iTll the cellars of the houses. Torrents 
of the gas arc evolved from the craters in South Americaf J. B. .1, D. Jfoiiasingault 
estimated that Cotopaxi emitted more carbon dioxide annually than was produced 
by combustion and respiration in the city of Paris. Thj 1783 eruption at Skaptar 
Jokull Iceland, is said to have suffocated thousands of men and Windreds of thousands 
of cattle. Carbon dioxiiWias been reported in the gases ffoin the |aH deposits at • 
Stassfurt,® and in the gas* from coal,^ amt soils.® Processes of oxidatJin m the soil ^ 
impotiarish the oxygen in the air of wells, and mines, and form carbon dioxide. 

It has been estimated that an acre, of good garden land ift summer evolves 
more tlian six tons of carbon dioxide derived from the oxidation of the mganic 
mVr^n the soil. Again, the oxidation of iron pyrites furnishes sulphuric acid 
which coming in contact with the carbonates yields carbon dmxi*. Jhe «o-calM 
cholce-damf. or blMmp, contains 85 to 95 per cent, of nitrogen »nd 5 *0 lo p« 
cent, of carbon dioxide. According to C. Ic Neve bo^er and J. Hajdane, an 
enormous quantity of black-damp is formed in mines : 2(^-5()TO c. ft. per minute 
is a common quantity; and the oxidation process whch produces it is the chief 
source of he.rft ifi mines. Choke-damp issues from soil^ into mines or wells when 
the barometric column is falling., Meteorites « raa^ confirm carbonates; and carbon 
dioxide has been repprted to /ccur in blood,i« urine,n muftlesd^ etc. CMbon 
* dioxide occurs as atf inqlusion m cavities in many*mii^eraft.i3 Numerous-tactal 
Srbonates oScur in nature they are discussed m connection with the respective 
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§ 32. The Metabolism o! Animals an^ Plants 

Two cliemiral inAividuata stand atone in importance for the groat biological cycle upon 
earth. . The one is water, tlie otlier carbon dioxide. . . . These two simple substances a» 
the common source of every one of the complicated substances which are produced fey living * 
beirfgs, and they am the common end products of the wearing away of all the constituents 
oLprotoplgsm, and of tlio destruction of those materials which yield energy to Abe body.— 
B! J. Hkndehson (lOlll). s 

*.* • * 

In 16T4, John Mayow f demonstrated that the respiration of animals is a process 
of oxidation analogous with combustion. J. Mayow placed a mouse in a cage 
under a vessel standing ovd water—Fig. 42—and noticed that the water rose in the 
jar as respiration continued just as if a burning candle’had been'placed under the 
jar, owing t8 the withdrawal of “ nitroaerial particles ” (oxygen). He found that 
the mouse died after » time, emd it was impossible to ignjte tf combustible body in * 
the residual “ a^al ” gas*(nitrogen). • • * 

Metabolism ol «nimalg. —Organisms arc continually wasting tissue as a result 
(jf muscular o^otheaforms of work. .Those constructive processes by which*sub- 
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stances fflpd ty living irgaSisms are converted into pfctoplasm are said 

to be anabolic from ard, anjw ; pdKXuv, to throw. aTlose dosiJuctive processes 
Ijy which fjie prqtopl^sm, etc., breaks dew* into simpler products^re termed kata- 
boliCif-from Kurd, down. |The,tw(4 phenomena arc included linger the term meta¬ 
bolism — nem, about. Tki jir during respiration loses •about 4 to 5 pe| cent, of 
H^gen, and Jains 3 to 4 per cent, of carbon dio#ide. Oxygan, taken in by the 
lungjJ, iS absorljed by the blood. The bio® contains beemoglobin ; this unites 
with oxygen, formihg oxyhsemoglobin— the#.rnier is present in bide \i8nous blood; 
the latter i^ed dtteJial blood. The oxyhatnoglobin gives up to its o)^gen very 
^rcadit}’, amot thus oxidize# the waste product^-—partly to carbon dioxide. The 
carbon dioxide held in soln. by the venous blood is pumped by the heart to the 
lungs, alid the gas is finally exl^aled in the breath. ^ • 


By breathing into a boakor^aml then adding clear lime-waio^; or boft«r, by blowing 
through o^lass tube into a beaker containing clear lime-wfftor, it is easy demonstrate the 
presence of carbon dioxide in The breatfi. The precipitation of calciuin^Crbonato causes 
the clear lirne-wator to become turbid, otc. Tlfb exjyerimont can be modified by drawing a 
stream of air through pieces o^soda-lirne in a tower, A, Fig. 43, to^omovo #nrboii dioxide 
• •• • ^ ' 



Fiu. 42. - .1. Mayow’s Experi¬ 
ment on HcKpiration. 


Fi(i. 43. - Exhalation of Carbon Dioxide by 
Animals 


from the iiir; then tlirougli a wo-sh-liotlle, /^, with clear limo-water. The clarity of the 
lime-water demonstrate.^ the absence of carbon dioxide in the stream of air. Ihe air aftejr 
passing ^e tetnom (witne.ss) tiilx*, li, enters a glwa (diambor, (', wliicli holds a mouse or a 
couple o^iico, and then jnissos through ariother^ash-bottle.^^, containing clear lime-water. 
The turmdity of the lime-water in D, ami tho clarity of the lime-water m ]i, can bo ox^ilained 
only by liSsuming that the mice are giving off carbon dioxide during respiration. • 

«s» • ^ 

Loss carbon dioxide is exlialed during sU'cp iiecause less waste*products are 
fornie<f The heat evolved during tlie oxidation pweesses in the body maintains the 
the body at the nece.s8ary temp. In the case oT plants, mo-st (jf this work is done by 
^lic leaves. The respiration of animals and jdants goeiiyon continuously, 
and day—oxygen (air) shaken in, and returned to the air as earBo|^ dioxide and 
water. The consequent Ibss hi vffeight in*ljoth animals and plants is made good fey, 
assinUlation or feeding. Fish abstract dissolved oxygen from^water by mean% of 
their gills. Fish quickly die for want of oxygen when placed m cold water which 
•has begn deqirived of di.ssolved air by boiling. Aerated water furnishes the oxygen 
necessary for their su-stenance, , 

Assin^lfttion by plants.—The re.spiration of plants musf not be confused wkh 
the process of assimilation. In* daylight, green plants ^bsorb carbpn dioxide from 
the air, fix the carbon, and give off oxygen. In sunlight, the ^ocesi is very active, 
so that the respiration process, though at work, js masked because more carbon 
dioxide is taken in and oxygen given out by assimilation (feeding) than oxygen is 
taken ip an(f ca^on dioxide given out by respiration ({freathing). The decomimsi- 
tion of the carbon dioxide (feeding) occurs only in daylight, ^nd pla«it life is thus 
dependent upon thi;^ process fop nourishment. 

* Tliis action of light may be readily shown by modifying an old experiment due to 
J. Insenhouz. • A two-Htre flask ri loosely packed with green leaves, i*id filled up with water 
thro^h yhich <^bon dioxide has been allowed tp bubble. Fit the paak with a stopper, apd 
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funml as shown » the diannini, Fig. U. AlJ fUUho Bask and mrt of tlie flnnal with 
water A test-tiAw invert^ pver the funnel will collect sufficient oxygen ttf allow the 
usual test# wing made. Carbon dioxffie can be removed from the gas 
by a soln. of potassium hvilro^de. »# • • ** 

‘ • I * 

In 177^, J. Priestley observed th^t flir spoilt by ipice so that 
it is rendered iiscapable of supporting animal life, ®can be fo«de » 
good by allowing gre^ planta to remain in it for §ome time., Six 
\ ‘years later, ,T. IngenmSiBZ found that this actton occurs only in 



years 

light. 


He said that 


Tlio light of tlfo Him is alone capable of ffroducing in the ieavea tpat 
movement which can develop dephlogisticat^ air (oxygon) . . « a^ soon 
•an the light <^mso 0 to act the leaves, the op^ation ceases at the same 
^ time, and anol her of a different nature commences. 

• • 

1783, J. Sonobier showed tkat the ciiemical changes wliich wcur 
Carbon I)i- resnjt in transforming fiXed air (carbon dioxide) into dephlogisticated 


oxide 

Idants. 


\py air (oxygen). N. T. do Saussure, in'^1804, also investigated the 
a ])henhmonnn. Only the green ‘phrts of plants are able to ‘decom¬ 
pose a(jn. carbon dioxide in tim presence of sunlight. In planta, 
the green pigment, chlorophyll, is .%S80ciatcil with living protoplasm*, forming 
granular masscji called chloroplasts -studied by 0. Timiriazeff. The nature 6f 
the green pigment has been discussed by R. Willstiittcr and A. Stoll. The absorption 
spectrum of chlorophyll has hands inithe red and blue, practically none in the ultra¬ 
rod er in the yellowish-green, but there is a faint one in the ultra-violet. The 
most striking featufc is the dark band in practically the position of the 
maximum energy of the solar spectrum. T. W. Engelmann, H. Kniej) and 
E. Minder, and 0, Tiniiriazolf have demonstrated that the maximum evolution of 
oxygen occurs where then! is the greatest absorption of light. 

Radiant energy is stored up by the insolated chloropliyll. The decomposition 
of the carbon dioxide at ordinary temp, requires the expenditure of energy. The 
process is not catalytic. F. Weigert explains this by assuming that the chlorophyll 
itself takes part in the, reaction, and that the increase in potential is due to the 
physiialopical processes in the protojdasm of the chloroplasts. 

According to M, Trautz, the prochss is accompanie<l by chcmi-luiiiinescencc so 
that the red\li3h light emhiti'd has the; same wave-length as the mam absorption»» 
band of the chlorophyll. Staittug then froilt the energy .stored by the chl(;.rophyl;l 
. and carbon dioxide, A. von Hahyer. suggested that formaldehyde, H.CO.H, is the 
first product of the r(action : .Cda+HjO—H.CO.H-f O^, and that the end-product 
■ of the photosytithc.sis it, a polymer of formaldehyde: ^llf-GO.H)-CjHjuOj. Hif’’ 
a^umed thaf the carbon dioxide broakr downCOj-jdO-f 0, and the product 
•reacts; CO+HaCM-O^Oj-t-H.t'O.H ; B. Erlcnmeyer, however, assume^ that 
foAiic acid, H.COOH, and hydrogen dioxide are first produced: C02-t-2H20 
—H.COOH-l-HoOj, and that these products interact, giving formaldehyde: 
H.COOH-fHoOj—H.CO.H fH20-}-02. A. Bach, indeed, obtained fornffc acid ‘ 
by the action of light on carbon dioxide in the presence of a soln. of a uranium salt, 
anfl assnnfbd that the first stage of the reaction involves the formation of porcarbonio 
acid and fortnUdehyde: ' 3 C 02 -l- 3 H„ 0 -= 2 fi 2 C 04 -f-H.C 0 H, followed by HjCO, 
=C02-|-If202.‘ F. L. Usher and J. H. Priestley have studied the mechanism of the 
carbon assimilation; they fouml an aldehyde and hydrogen dioxide among the 
products of the action of lij^t on films of chlorophyll in the presencttof moist carbon 
dioxide. The work of S. B/^hryver, H. Wager, and C. If. Warner fiiakes it doubtful 
if an aldehydS can b# produced from carbon dioxidh and watej by chlorophyll alone 
without the interventfcn of pcotoplasm. rThe production oF formaldehyde from 
, carbon dioxide hgp been studied by F. Hoppe-Seylcr, F. L. Usher and J.fl. Priestlejt; 

T. Curtius and H. Ikanzcn, F. Weigert, B. Moore, S. M. Baker, R. Willstatter and 
A,StoIl, 0. Warburg aid E. Negelein, etq .—mde chemical properties of Satbotwlioiide. 
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The elf rgy requir^ for the dec|pipo8ition of the carbon aioxia^is derived mainly 
from the radiant energy of thp sun. There is thus aotr^naformafion of the sun’s 
radiant energy into ch^ical energy whi»h is stored up as vegetable tjssue. The heat 
of combustion of burning wood is Ijelievedato be eq. to the solaf energy used in its . 
formation (Jless’ law). M njght, i.e. in darkness, feedin^stops, but breatlpng—the 
abiorption of* oxygen and the evolution of carbon dioxide—continues. The net 
result 01 both j»ooesses—assimilation and reAiration -is to remove oarboa dioxide 
from the air, and restore oxygen. • There !s*probably^ kind of eqliilibrium press, 
between pla^s au^ tde carbon dioxide of th(?air. If the amount of carbpn dioxide 
•exSeeds a certain limit, t^is would be followed bj| greater activity in vegetable life, 
and thus the normal proportion of carbon dioxide would be restored. Similarly, 
if thd amount of carbon^ioxidij were reduce^ below the normal, vegidable life would 
be impoverished until equilibrium was restored. The proportion of carbon dioxide 
present ii^the gases dissolved by sea-water is about 27,timc8 »s great as tire propor- 
tion,of this gas in air. Since tarbon dioxide is fairly soluble in watei^ itiollows that if 
. a large surplus of carbon dioxide were intrrkluced into the atm.^ say, from volcanic 
source^ the sea would dissdlve a still gnater proportion, {fence, us indicated 
above, the sea must he an importafitmeans of refjulatimj the amount of^csirhon dioxide *' 
in tjm atm. , , 

It wilbbe noticed that all animal jrnd vegetable life is dependent upon the carbon 
(fioxide-»carbon reaction, which in turn is (lependent upon the sun’ij energy. ■’There 
is a kind of closed cycle, an alternation of oxidations and deoxidations : 

Smi’a ciicrsy stored Stints feed 


^ deoxidation 


C 


^OXllllltlOT Is 


Energy dUsljwtped- -aulmaU and plants breathe, ok'. 

maintained by a continuous supply of energy from tlie sun. If the 8uj)ply shoul^l 
cease, t^ deoxidation of carbon dioxide would stop and the present conditions ot 
life oiiflthc mrth would come to an end Because the.,available carbon would be 
transfoVided into unavailable carbon dioxide. ^ 
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,0 33. The^’ormation and Preparation of Carbon Dicydde 

• In some^istrijts c|rbon dioxide is collected from springs— e.g. the natural waters 
from the Saratoga Springs INe«i Yojk), andain South Germany. jBorings are made, 
and a basinJs excavated each bore-hole. The basiift is filled with wa^er from 
ithe»bt>r^hoIe, hnd the excess is allowed to esc^e by an overflow channel. A kind 
of ga^onreter is pjaced over the bore-hole so as fa collect the gas. The gas is led from 
the gaj-holder, amf purified by passing thWugh a spfaying apparatus. A little 
potassium p^man^ai^tc may be added to Oxidize such impurities as 'hydrosien 
lulphide.i . . . , • , 

Carbon dioxide is the end-product of the combustion of carbon in its various 
form»-*'de carbon. In^techni^al work, when contamination with nitrogen is of no 
moment, carbon dioxide is obtained by passing air over heated carbon—charcoal, 
coke, etc.^ Furnace gases reaulting from the combustion d coke, 4arcoal, etc.i 
may have up to 20 per cent, liy vol. of i^irboii dioxide. The carbon dlm^e so formed 
can be isolated by passing the gas into a solif. of potassium or sodium carbonate, so 
as to form the hydrocarbonfte: K 2 C 03 +H 20 -|-C 02 = 2 KHCCl 3 ; tlungas can be 
recover?d by heating the hydrocarSiJfiate. Many modification^of this process have 
bem suggested.* The exhaust gas ^om gas-enpnes has also.been employed. The 
suIpKur dioxide and dust are rcmovjd by nassing the gas through scrubbers con¬ 
taining limestone over which water tricklei L. Hackapdl and A, Couder ifoted 
the formation of nitrates and nitrites in the preparation of carbon dioxide by the 
combustion of coke. The formation of carbon«dioxide in the combustion of carbon 
monoxide has been treated'in connection with the latter gas. Thejireparation of 
carbon dioxide from water-gas ha.s been treated by C. Arnais,*and J. Pullman and 
H. S. Elworthy. 

The slow oxidation of hydrocarbons, said F. C. Phillips,^ always yields carbon 
dioxide; ethylene is oxidized by a soln. of potassium permanganate in sulphuric acid 
below 100° ; and acetylene is oxidized by the same soln. cold, as well as by calcium 
hypobromite, or by osmic acid. 0. Angelucci found that when acetylene is heated 
with oxygen and nitrogen in the presence of platinum sponge : 2 ( 4112 -|- 50 ..(-i- 5 N 2 )’ 
=4C02-KH20(-f6N2), or C.2H2-l-202(-|-2N2]K-('02-|-C0^H20(-|-2N2). J. Coquil- 
lion and^ Henrivaux passed ethylene and water vap. through a red-hot porselain 
tube packed ^ith bits of porcelain, or jmmicetstone, Jnd, at a bright red h'eat, the 
g:)roduct contained 15'7 per cent, of carbon dioxide and ‘A'7 per cent, pf ethylene ; 
at-a higjier temp, a larger proportion df ethylene ^d carbon dioxide was formed. 
The fractional oxidation of the hydrocarbons has bden discussed in connection with 
carbon monoxide. R. Pippig and 0. Trachmann diseuss’ed the purification of coal 
IJas, and the subsequent forjpation of carbon dioxide from the products of combustion. 
C. G. P. de Laval obtai^d carl^on diox’de from the products of cembustion of 
petrol^m. Carbon dioxide is produced by the action of steam on heated carbon 
(y.o.). E. E. Arnold obtained it by the action of air on molten pig iron. ' 

, The carbon in organic substances furnishes carbon dioxide during oxidation 
pa'rtly 1^ air and partly by the contained oxygen, at ordinary temp, or when warm. 
The gas, for example, is produced during fermentation.^ Enqrmcus quantities are 
evolved as* by-product during thp manufacture of beers, wines, etc., in the^alcohoPn 
fermentations of sugar: C(jH, 208 = 2 C 2 H 50 H-f 2 CO 2 . 13he gag so ptdduced has a 
flavour like that of fusel oU, but it can be used for some purposes as disohssed by 
H. Kerr-Thomas, J. C. Stead and T. C. Palmer, <R. Thalwitzer, J. L. Soyboth, 
C. Dorries, etct None of the proposed methods has been successful from an industrial 
point of view. P. Stolba obtained a very slow current of carbon dioxide from a 
mixture of 5 vols. of yeast with KXIO vols. of a soln. of one part of sugar in four parts 
of water. Carbon dioxide is for&ed during the putiefaction^and decay of oiganic 
mltter.® It « formed during respiration,^ during muscular work,* and during 
the germination of plants.* 

H.* Karsten *1 found that various organiq substances furnish carbon dioxide 
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when exposed^tt) ozonized sir.' Carbon, and,various orgy)ic substanles evolve 
carbon dioxide in contaA with oxygenated compounds at ordinary or ht elevated 
temp., thus, A. ff. Fol, and E. Moridc obacrvid that many soliv of ^le mgtal salts 4 re 
reduced by carbon with the formation of carbpn djuxiik. ^veral other reactions 
have bcin indicated in eonnoction with the chemicpl Activity of carbon, carbon 
monoxide, oxychloride, oxysulphide, and disulphide. P. SchiitzenBerger n found, 
that when carbon tetrachloride is llbated many hours with zinc, oxide, *at ^00°, 
carbon dioaidc'is formed. ^I. St. C.fDeville and H. Debray f#und that pr^wdered 
rhodium (onverts formic acid into carMin dioxide. A. Richardsfcn foundan aq. soln. of 
o.xaIic acid in light furnushes carbpji dioxide and water,#udjmay be hymbgen dioxide^ 
According to C. Wilde, fuming sulphuric acid and citraconic anhydride give carbon 
dioxide at 1004-160°, and carbon monoxide at 220°., A. Bouvier patented t process 
for the preparation of a mixture of carbon dioxide tand acetylene by the action of 
water on a fused mijdure of,powdcred calcium carbwiate and carbide, and sodium 
hydrosuljdiafc^flaUSO,. , c * ‘ 

Carbon dioxidi; is obtained by heSting various carbonates to suitable temp.— 
e.g. dolomifc, limeafone, magnesite, sodium hydrocfcrbonate, barium carbonate, 
manganese carbonafr, etc. The gas is a by-proBiIct in the burning of limesftme and 
marble for lime, or magne.site for making magnesia bricks. The evolved gas contains 
about 30 per cent, of carbon dioxide; thq remainder is nitrogen and caYobn 
monbxide. Sigiic of the carbon dioxiift is derived from the fuel. Many procesJes 
have been devised for collecting and purifying the gases from lime-kilns or magnesite- 
kilns—uidc mpm on the recovery ofnearbon dioxide from Hue gases.i^ The gas can 
be purified fropi nitrogen, etc., by jiassing it into a soln. of alkali carbonate as indi¬ 
cated above. G. Btscliofdecomposed magnesium carbonate by steam; and 
V. A. Jacquelain showed that the carbonates of sodium, silver, calcium, barium, 
magnesium, and lead are decomposed, when heated in steam. M. Mescholynck and 
J. F. Lionnet found calcium carbonate is decomposed by steam at a dull red heat. 
The manufacture of carbon dioxide by the action of steam on limestone has been 
.treated by J. Dauglish, H. Blair, G. M. Westmaun, E. iuhmann and G. A. SebUtz, 
etc. The decomposition of the sodiiim hydrocarbonate by steam has been investi¬ 
gated by J. Young, and A,Campbell a»id co-workers. L. A. SUub “ disilbssed the; 
decomposition of sodium hydrocarbonato by ammonia; H. Howard, its (Composi¬ 
tion by sodium hydrosulphiU*’- H. Gtimshaw, and E. Saudow, its decomposition by 
sodium hydfosuljihatc; H. G. Elledge, by calcium chloride; H. anti J. F. Beins 
its decomposition by ammonia-Bluni, or potflsh-aluni; U. Lowig, the dcoonipositi(in 
of carbonates by heating^thehf with ferric oxide; and J. L. W. Thudichum and 
J. A. Wanklyn, by potassiuiii dichromatc. 

. Carbon dioxide is ifiually prepared in the laboratory by the action of differeih. 
gpids on various carbonates. For exam,pie, magpesite, ij/hestone, and marble mav 
be decomposed with dil. nitric acid as recommended by J. G. Bogusky,ii> J. G. Bpgusky 
and N. Kajander, lad 1. Langinuir; with dil. hydrochloric acid, or hydrobronuc acid 
as recommended by N. N. Beketoff. Sodium carbonate or hydrocarbonate may be 
decomposed with sulphuric, or hydrochloric acid, with tartaric acid as recommended 
by W. B. Dick; ‘or with sodium hydrosulpliate as recommended by H. Borntraser 
Grimihaw, and E. Sandow. J. A. Ageron'and,,B. J. M. Eemy heated a mixture 
of magnesiuih hulpUate amJ sodium sulphate or hydrosulphate with sulphuric acid, 
and useiTthe product as a substitute for acids in liberating carbon dioxide from 
carbonates. F. Menter and W. A. Scdlitzky added to water a mixture of a carbonate 
or hydrooarbonate with a Madily liydrolysable salt-e.p. alum, aluaiinium sulpbate, 
or ferrous sulphate. J. H; Niemann decomposed ammonium carbonate with dil* 
sulphuric acid. R.'C. Farmer described an appai'Atus for preparing carbon dioxide 
free from measurablei quantities of air from a soln. of potassium hydrocatbonate 
(m grms. per Ijjire) and 8il. sulphuric acid (1:8). L,.Moser discussed the purificSi- 
tion of the gas, using a paste of chromous acetate, and a 15 per cent. soln. of titanous 
ehloride in hyiochlsric acid to reinqve oxygen; heated cuprous Sxide (o rbinove 
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carbon moJoxide'; cupric sulphate (jp pjmice to rdinoye hydrogeu*3llphido; and 
a soln. ot jrotaasium permanganate to remove sulphur diojidi. ^ 

The acid process is used industrially,si)ut> not nearly somiuch noy as formerly. 
^he carbonate in tlie generator ij mijcd witi water. The generator is cylindrical 
and constructed of lead, or«of,caat iron lined with lead. »A safety-valve ^nd an 
agjtator are ^ovided. The cone, acid is run from ap acid-tank ipto the generator 
usually in*(}uantitic3 not sufficient to neutrali^ the carbonate. Sulphuric acid is 
’ preferred^to hydrochteric acid because the vOfetile impupities in the ^ay from the 
last-named acid rende# the purification of tl*c final product more costlj'. The 
I sulphuric acid^ould be free from appreciable amounts of arsenic if the gas is to bo 
uled for mineral waters. If sulphuric acid were to b? used with marble or whiting, 
a trouhlesomc mass of sgaringly soluble calcium inlphate would left in the 
generator. Sodium hydrMarbogate with sulphuric ac#l is expensive; marble 
frequently contains bituminous isapurities which contaminate th^gas with substances 
difficult to remove. WhitingSryjuircs to be mi;R‘d with more water than^sloes marble 
beforeh;he addition of the acid. This makes a proportionally larger gettcrator neces¬ 
sary. Magnesite can be msed with sulphuric acid: it gives a high ^feld of gas (52 per 
cent, by freight), and the mother-liqfldb can be worked for magnesium sjjlpliatc. 

The gas usually rawds jiurifir^ation.^ A ei'rtain anfoimt of purification is eltected 
on a''^rge scale by passing the gas throu|;h water-3eri4)ber3. iniie gas still possesses 
an flnpleasant odour, it is purifi(d by passing it through a soln. of {jotaasium per¬ 
manganate which destroys the organic compounds and hydrogen sulphide; and 
through a soln. of sodium hydrocarbonate, whiph retains acid fumes. Sometimes 
manganese dioxide or potassium permanganate is added directly to the generator 
when sulphuric acid, but not hydrochloric acid, is usedf J." Stenhousc,*® 
and J. Forster recommended purifying the gas from objectionable odours by passing 
it over pieces of wood charcoal. To remove hydrogen .sulphide, when working on a 
small scale, H. Hager passed the gas through an acid soln. of ferric sulphate, then 
through a dil. soln. of iodine, then through two wash-bottles containing an aq. soln. 
of potassium permanganate, and finally through water. N. Griiger said that potas¬ 
sium permanganate, or other oxidizing agents does not always remove the objection- 
ijjble. odour*from the gas. E. Pfeiffer recommended scrubbing the gas with olive 
oil to get id of the odour. II. Reiuscli said that it is siniilest to destroy the tou- 
minous malters by pre-heating the limestone •or dolcllnite to a low temp.' The 
iippuritics in liquefied carbon dioxide were discussed *byyO. Wcutzky, H. Lange, 
J. 0. A. S^Thomas, R. Woy, H. Thiele anti H. Decker*, and .1. Wertftr. V. Cremieu 
and A. Lepape purified the gas by the solidificatioft of the carbon dioxide, and 
pumping off the less condensable gases; and A. A. Backhaus,.by passing it over 
«a*ivated carbon. ^ • 

I. Langmuir recommended pr*i)aring carbon (Boxide from marble^ ^id purified^ 
50 per cent, nitric acid. The marble was boiled several times with weakly acidu-* 
lated wa^er to free it from air, and the acid was freed from air by a^tream of carbo* 
dioxide. The gas was purified by passing it through a sat. soln. of sodium hydro- 
eatbonatu then through cone, sulphuric acid, and finally dried by passing the gas 
through a long tube containing phosphorus pentoxide. Nupierous varieties of 
apparatus 4avc been devised for the intermittent supply of carbon dioxid#by thej 
action of acid on a carbonate. Many of these are also usqjl for jjydrogan sulphide, 
etc. F. Kiispert obtained small quantities of the gas from a syphon of s6da water. 

On an industrial scale carbon dioxide may be obtained from lime-kilns; i* from 
producer gas, ooi^bustion gases ; from fermentation processes and other pro¬ 
cesses in which the gases are absorbed by a soln. of sdoium carbonate, and the 
soln. of hydrocarbonate heated tordrivo off the absorbed gas. > L. Ha*kspill and 
A. Couder found nitri»*acid in the gas (|Erived frona potassium hydrocarbonate. 
This salt was made from (Sirl^m dioxide obtained from efrke, and the nitric acid 
was derived from the nitrous acid formed during the oxidatio^j of the nitrogen 
compo»nds^whcn€he coke was converted into carbon dioxide. ^ 
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§ 34. The Physical Properties ol Carbon Koijde . . 

Carbon dioxide is an invisible, colourless, and odourless gas at orinary temp. 
A. L. Lavoisier’s ^ statement that the gas has a feebl% odour shows that his product 
was probably imp«re, but when breathed through the nos^ils it does give a tingling 
sensation, due, protably, to fts forming carbonic acid with the moisture : this also 
accounts for its having ^ acid taste* Liquid carbon dioxide was foftnd by M. Faraday, 
J. H. Niemann, L. P. Caill^t, and B. Schwalbe to be water-dlear, colourless, tery 
mobile liquid. ■ *M. Thilorier stated that the solid is a white fl^ulent nyiss resembling 
snow, ^nd, like ^now, is readily compressed. H, Landolt obtained dense hard 
cylinders o2 the compound by compressing theanow. M. Faraday, and A. Loir and • 
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C. Driott obtaYP'd the solid as a’colourless mas^resembiing ice, which, whin fractured 
furmshed smal cubes. ^Tke ice-like form is obtained by cooling the liqfid m nm$e; 
or, according to I). Behn, by cooling Ac in a chamber Jbelojr —76°. A. Li^^er- 
sidge said that tlje crystals resemble Aosc of gold, iron^ or ammonium chlojide, and ' 
belon^'to the cubic system, although they volatilized ^ore measureigents could be 
made, P, Villard and R. Jarfy said that the crystals do not act ofl polariz^ lighA 
A. Liversidge, and H. E. BehnkenVound that the clear optically,isotropic Cjfystals « 
belonged V) tlie cubic system, and slfdwed bofh cubes and octahcdra. Thg sharpest 
and b<^t formed crystals were liable to explosive ruptul^ dwinjto contraction 
strains. According to W. W^il, when carbon diixifjji is cooled ny liquid !iir,^t*' 
condenses in the form of small cubes which are quite isotropic. No polymorphic 
change was observed above ^ 210'^. H. Mark and E. ^Johland obtained X-ra^O- 
,grams in ^reeinent witli an elementary cube side r‘'62A. M. Thilorier said : 
When the solid is «)xj>osed to air it disappears ♦nsensibly by slow evaporation, 
without iriWyUg. A fragment of t^c solid, slightly 'touched by the ringer^ glides 
• rapidly over a j^olished surface, as ff it wcr|j sustained by the gaseous atm. with 
which it is constantly Hurromuled. The vaporization of solid carbon dioxide is 
complete; 6' leuvfs hut rarely a slight humunty which may b(( attributed to the, 
action of air on a ^’old body, the temp, of which is far l)elow that of freezing 
mercury. Tin; snow can be I»ndled withoyt harm, but when pressed on tlTTskin, 
for a few seccgids or more, it })roduces blisters. 

The gas is about one and a half times as heavy as air, and tliis explains its 
tendency to accumulate in Ion-lying places—valleys, cellars, etc.— vide the 
occurrence o^this ^as. 

The invisibility of the gas, its heaviness compared with air, and its property of quenching 
flame, enable many pleasing anil attractive experiments to be arranged ; their variety is 
limited only by the ingenuity and skill of the experimonter. Thus ; (1) a long cardboard 
gutter leading into a glas-j trough in which a number of candles are biiming can bo arranged. 
The invisible gas, carbon dioxide, can then be poured from a large beaker down the gutter, 
when the candles will l>o extinguished just as if water had been jioured down the gutter. 

(2) A cylinder can Iw arranged with candles at different levels ; the gas when led into the 
oyiindor, extinguishes the cimdlos oiaj^by one os the gas rises in the jar. (3) A wheel of 
stiff cardlmard can bo mounted upon tw*i corks oi\ a knitting newilo journalled ihto a wooden 
standard ; paper bnokots <kui l>o attached to the periphery of the disc by joiniiig the edges 
of the {Miiwr so ns to form a hyllow cone. When carlwn dioxide is poured into«(ftir buckets, 
the wheel will rotate, if proporJjV balanced, as it were a '* water wheel,” njpved by a stream 
of water. (4) A cardboarti box, or a light glassveasel,can be counterpoised on a balance; 
the beam ^ill b^ depressed wliei carbon dio.'^do i.s poured into the box, showing that tlie 
carbon dioxide is heavier than t^o air displaced. (.'>) Soap.bubbles blown with' the air can 
be floated on the carbon dioxiile in a large dish, (ft) Petroleum burning in a shallow dish can 

extinguishwl by pouring tlu) gas over the dish ; and a beaker of the gas poured over a 
lighted candle will quenrli the flame, (7) Carbon dioxide cqn bo ladled from a large cyliu&i- 
by a small l|pftkci* tied on to a string. The action is akalogouS^with the method of emptying 
‘ a well of water by moans of a bucket and rojie. Finally, a candle will bum’in the cylinder, 
allowing tliat the carbon dioxide has been removed. Tlie beakers of carbon dioxkle can bo 
emptied int-o Knottier cylinder and the presence of carbon dioxide demonstrated in the usual 
way., * 

F. Mohr2 ^ave 22 for relative density, at n.p.t., if H=1; and Cooke, 
^21-971, R. F. Mafchand gave 1-3819 to 1-3825 if 0=1; and P. A. Onye, 1-3833. 

•L. Bleekrode gave 1-529 (air unity) at 15'^ and f60 mm. With air at n.p.t. unity, 

R. F. MarJJiknd gave 1*^282; H. V. Regnault, 1-51910; F. J. Wrede, 1-52037; 

J. J. Berzelius and P, L. Dulong, 15245; F. Exner, 152; B. Wiedemann, and 
R. K. McClung, 1529; J. M. Crafts, 152897; J. P. Cooke, 1-52856; A. Ledac, 
l-5ffi7; Lord RayIeigh,.^-52909; R. J. Strutt, 1-53; and N. ». Drenteln, 1'50 to 
I'bz. Acqprding to J. P; Cooke, the calculated .density is usually smaller than the 
observed value bctiauHe the gas under atm. pres^ is more j^rongly compressed and 
mudh nearer its poiftt ^ liquefaction, th&n the standard of comparison. F. Emich 
found 1*485 at 1000°, 1*497 at 15tX)'’, and 1'527 at*2000°; and with gas dried by 
sulphuric acid, 1*657 at 19° and 1*550 at 1875°—aU referred nitrogen, unity. 

A. P. Lidoff.said that the density oi carbon dioxide from, various uatftral sources 
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is low6r than the theot6ti(^a}, E. MUthias studied the density curv^ at low temp, 
and near the critical point. • ^ • / 

I ■*!'• P- Cailletet alid & Mathias, B. H. Ama|at, P. Phillips, and U. Behn measured 
the vapf* density o£ carbon ^dioxide *t different temp.— 01 * According to 

H. V. Regnaalt. the weight ol*a litre of the gas at 0° and 760“ is l-97774di grins, 
ffifddr standard conditions; E. Dietrich, 1-9^78;*J. M. Crafts gave 1-97772; 

• P. A.'Guye, and'P. A. Guye and A,. Prints;^* 1-9768; A. Leduc, l;97p3;‘ Lord 
Rayleigh? l-97(i?; ajid^. Jaquerod and F. L,Perrot, 1-^7677, and at 1067-4“ and 
, 760 ipm., O- 399 S 6 grra. S. W. Parr has calculated a table of values betwecn*10“ and 
3#°, 7.20 to 770 mm. press., andlatitude 41°, and altftnde 100 metres. 

Tb^specifle gravity of liquid carbon dioxide was given by M. Tbilorier ^ as 0 38 
at 0“ ; 0-90 at -20“ ; and«-60 at 30“ ; E. Andrccff g^e 0^)470 at 0“ ; T.. Bleekroilc, 
0-863 at 16“; L. P. Cailletet aqjl E. Matbias, 1 057 at 34“; 0-910 at r-l'6“; and. 
0-76 at 22-2*’; and B. Schwalbe, 0 83 at 0“. ,E. H. Afnagat ^ound^tbe sp. gr. of 
liquid and gas converged as tlie temp, approached the critical point, Vlieu the two 
coincided: • • - 

, 0“ 10 " 20" 30" 30 r." • 31’ • 31-3.3" 

Liquid .... 0-914 0-850 0-700 0-589 0-574 • 0-534i 0-404 

Gas. 0-090 0-133 0 190 0-3f4 0-350 0-392 0-404 

» • » 

J. Ximmermans measured the sp. gr. »f liquid carbfin dioxide’ between 0“ and the 
b.p. A. Bliimcke measured the density of mixtures of sulphur and ca»bon dioxides. 
According to P. Villard and K. Jarry, the sp. gr. of the .solid is greater than that 
of the liquid ; H. Landolt gave 1-188 to P199 for*thc sp. gr. of the compressed snow ; 
L. Bleekrode gave 13 to 16 ; B. Schwalbe, 119. By subliming solid carbon dioxide 
in a vessel cooled below —79“, U. Behn obtained the solid as a clear glass of sp. gr. 
1-56; and he obtained 153 for the sp. gr. of the snow suspended therein; 
.7. P. Kuenen and W. 6. Robson, 148; J. Dewar, 1 6267 at —188-8°; and 153 at 
the b.p. 

The molecular volume, according to L. Meyer,-* is 26-7 ; and A. Naumaim also 
gave a value for this constant. I). Berthelot gave 0 99326 for in the equation 
Vo=(9p/Po)41+®(i’-~Po)!. where o is a constatit, u the vol. under a very smal) 

’ Jiress. p, and po is the normal press. P. N. Pavloffa discussed the relations 
I'c=1'61(W7/k*, where n denotes the number pf atoiqs per mol. Values for*the 
specific volume of carbon dioxhle vap. were obtaiised by L. P. Cailletet and 

E. Mathias, U. Behn. J. J. van Laar, E. H. Amagat, and C. J. Jenkins and 

D. R. PyS —vide Table XXlll. According to F. Q. ^eyes and A. W. Kenney, the 
sp. vols. of the vap. in c.c. per gram are: • 

mm -50“ -40“ --30“ -20" 0" 10" 0 20“ 30" 

Sp. vol. . . .')7-32 38i©f 21-44 lU-72 Utf2 10-44 7-5G1 * l^ m 3*70 

The sp.jvols. of the liquid in c.c. per gram have been measured by L. P. Cailletet 
and E. Mathias, U. Behn, and E. H. Amagat. The following data%t 10“ and dowiB 
wgnls are by U. Behn, and those above 10“ by E. H. Amagat: . 

*-50” -40’ -30’ -20’ -10’ 0" 10’ 20’ 30” 

Sp. vol. 0-8606 0-8960 0-9302 0-9699 1 019 1-081 1«163 * 1-305 1-672 
a . 308A 313-2 319-2 , 320-4 323-2 325-5 326-8 324-7 *316-3 • 

F. G. Keyes and A. W. Kenney found that data are Aon \Jell represepted by 
c—2-7986—log (a—T); and if Dj be the density of the vap., and that of the 
liquid, the ipean density equation is J(Di-f-D2)=0-4597+0-00179(Z’t—T) 
-O-OOOOOllfiTo-fja. 

The molecular weight calculated by D. Berthelot is 44-00^; Load Rayleigh 
pbtained 44-268 at 0“ anA atm. pre^g., and 44-014 at smalj press. W=32); A. Jaquerod 
am^F. L. Perrpt gave 43 962 ^t 1067“; afid L. Ldwensteii^ 4*8 at 1350°. H." von 
Jfiptner obsdrved no appreciable mol. association in liquid carbon dioxide. 
H. Kolbe repres^ted the mol. by the formula (CjO^jOj; and*L. Zeschko made 
some obsefvations on this subject. J. C. MixweU gave 9-3^10---*,mm. for the* 
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diameter ot JHe molecule; *J. H. Jeans gave #56xl0~* mi®.; E. Dora, and A. von 
Obermayer made esti/Vafes of this ,coi^ant. C. E. Guye calculated the mol. 
diameter front the electromagnetic r^ation. J. H. Jeans^ave 4'0;?10 ® cm.*for ^ 
the mean free path. J.^C. Maxwell estimated the (Mllisipn beguency to be W’2 x 10* ^ 
per aed' P. Blascrna found the molecular velocity? f, in metres gerssec. , 

proM. ’ 0 * 74 100 r.oo woo nioo* 2000 cms. 

rat.1’3“. •. . 39.'l-3 392'V 3918 386-0 374-6 * 362-9 250-4 * 

V at 100” .* . . 45»7 459-J 469-0 456-4 ^62-8 449-4 • 446-2 

A. iJiicken infers that in the^ol. of carbon dioxjjle, the carbon ftom lie* almiMt «• 
in a line joining the oxygen afoms and that it cxecutes*smali elastic circular vibra¬ 
tions about jjhem. M. F. Skjpker investigated the motjon of electrons.in* carbon 
dioxide. The moment M inertia perpendicular to the line joining the oxygen 
‘atoms is aHbut 50l*10 4o grm. per sq. cm., and the mutual separation of the 
oxygen atain* is about 2x10"^ ctA. J. E. Milks *t1idied the moleclllar atbac- 
tions of liquid carbon dioxide. J. At Muller estimates the degree of polymertzation 
of carbon,dioxide^ in the critical state to be 1'351. 0. llamsauer estimated the 
effective dii^neter «f the molecules towards £<Jw electrons. K. Cans distSissed the 
symmetry of the mol. ot caflion dioxide; and A. E. Oxley, A, 0. Rankine, 

E. D. Eastman, A. V. C. Mengies, and A. bJucken, the electronic structure !5f the 
molecule—aide 4. 27, 4; H. F. Meyer, the action of slowly moving electrons oif the 
carbon dioxide molecule ; and L, B, Loeb, the affinity of the mols. for electrons. 

According to W. Crookes,^ tl*e viscosity of carbon dioxide decreases very 
rapidly between C20 mm. and 50 mm, press., and between 760 mm. and 1 mm., the 
decrease is twice aS great as in air. The viscosity, rj, of carbon dioxide has been 
determined over the range —2l'.5° and 302° by a number of different investigators - 
A. Kundt and E. Warburg, E. Warburg and J. Sachs, 0. Schumann, S. Pagliaiii 
and A. Batclli, Y. Ishida, L, J. Lassalle, 0. E. Meyer and F. Springmiihl, etc. 

0. E. Meyer gave O'OOOIBO to 0 000168 at 0°; A, Klemenc and W. Remi, 

0'0001382 at 0"; and A. Wullner, 0'0001383 at 0° and 0-0001859 at 100°. The 

values increase with rise of temp, ^ 

—siri" 0 " , i,-i* * LO" ri 3 -. 7 “ 11 ) 0 " jse-i’ srg-s" 30-21 t 

jjxW' . 1278 1414 1488 1579 1638 1916 2221 2Af8 2682 


In W. Sutherland’s fq[mula i)=i;ol(273-|-r)/(7’-f(.')|(r/273)!, fbr the relation 
between the viscosity of a gas^and temp.,.0 has the value 277 for carbon dioxide*; 
P. Breitenbach gave 239'7 ; and A. Klemenc and W. Remi, 263-4. ThS effect of 
air on the density ^nd the viscosity was determined at different temp, and press, by 
E. Warburg and L. von Babo in 1882. P. Phillips determined the viscosity-prqg^ 
isothcrmala 4t 20°, 30°, 32°, 35°* and 40°. Somg, of ^hu measurements are shown 
•in Table XXII, and the results are plotted in Fig. 45. The form of the viscosity- 

, « 

Tablk XXII.—XliE ErrEcT or I’bkssube on the Viscosity and Density op Carbon 
• Dioxide. 
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tion of density with tcnn). or press., “ the Fio. 46.—Vi8cos((.y-Prosauro 
change in viscosity is almost entirely due to Isothormals of Cailjon Dioxide, 
the change in attraction between two adjaceift 

layers of the fluid, lor this would be proportional to the stpiare of, density. In 
other words, the viscosity in this region depends almost entirely on the term ajv'^ 
in J. H. van der Waals’ e(| nation. At higher densities, it is probable that the change 
in the kinetic energy of the mol. begins to ]>lay a larger part, and at low densities, 
the attraction between the mols. becomes quite negligible.” The C.Oefflcient of slip— 
vide hydrogen—is y—O'OOOOOCoO. .1. Puluj measured the viscosity of mixtures of 
carbon dioxide and hydrogen, and found a maximum with the mixture C0o+0'3H i 
with C02-k6H the viscosity is the same as that of pure carbon dioxide; and the 
• 3'alues the« decrease regularly with increasing pfoportions qf hydrogen, E. Warburg 
and E, viJW Babo found the sp. gr,, 1), and viscosity,,'*), of liquid carbon di<*xide 
to be: • • 

,r," 10" I.'," ^20* • 26° 20” 

D . ,. . . 0-922 0-895 0-884* 0-827 * 0-f83 

ijXlO' . . . 925 862 784 • 712 025 539 

O. Smith showed that the viscositv of a mixture of nitious oxidi and carbon dioxide 
m e.G.S. units is 0-000136,^%t 0“ ;'o-(X)OMIl at 15°; and O-eOOlSlS jt 100°. The 
mean collision area was calculated to be 0'8,34 X10” sq. cm. J. E. \%rschaffelt •*. 
found Kie capillary constant, a^, and the surface tension, a, of liquid carbon 
dioxide to be: * 


, —2i;} S'O 20*0 • 

.* . . . 1-960 0-821 0-685 0-376 eq. mm. 

(T . 9-21 2-90 1-82 , 1-00 dynes per cm. 

The velocity of sound in carbon dioxide at 0° has been measured by W. J. M. Ran* 
kinc, C. Bender, C. T. Knipp and W. B. Worsham, P.'L. Ihdong.'A. ^asson, 
I. B. Zoch, T. Martini, H. B. Dixon and co-workers, and A. WUUner; and at 
10°-24°, by J..W. Low. According to 0. Buckeddahl, the velocities in metres 
per second at diffefgnt temp.^re ; • 


0 " 100” • .100” r.oo" »70” , Blip loso” 

Velocity . . 258-04* 301-6* 373-J4 43406, 803-^8 643-29 6,72-46 

L-. M. Poiseuille ’’ compilled the speeds at which wa^r and a gat. aq. soln. of 
carbon dioxide passed through capillary tubes. T. Graham measured the rate of 
transpiration of carbon dioxide under similar qpnditions, and found t^t if the tim^ 
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for oxygen be^ity, that foAcar1)on dioxide is ^7272; and for the effU8)pn of carbon 
dioxide into a vacuum,^'2573 when that for oxygen is unity. W. Timofejeff made 
some measurements on this subject ^ aim F. 6. Donnanefound thdt the rate* of ^ 
effusion of carbon dioxide is about one j)er (*nt.4n excess of that ealculaftd from 
T. Grafiara’s law. K.* Sameshima and K. Fuk&y^ studied the eatmolysis of ' 
carbon dioxide. J'he throttling exj^riments producing the so-called Joule^ThoillSOfl 
effect were f^und by J. ?. Joule a»l W. Thomson, at about,3 atm., to be f'34 at ‘ 
7-4°, 1-03 Vt 35’6°, 0-81) ah 54'0°. anj'0'6f) at'97'55°; C. F, Jenkin and B. E. Pyo 
found ai40-8atm. pre.s8., 1'09I at 297)'’, 162at 24-5“, and l'f42 at 20>» E. Natanson 
found at 25“, 1‘18 at 0 atm., ^’10 at 10 atm., 1'43 jIt 2^ atm., and 1'50 at^b'atn. * 
F. E. Kcstcr represented their results at 22°, by dd/dp=.=l-187°-f0'0015j. ’ The 
variation of dd/dp with p^is greater than would follow Bom J. D. van der Waals’ 
equation. /■'VI Rudge measured the effect kt 21'" with a difference of press, 
of 67 to be " per^atm. difference of preJs. ^M. Jakob founA the press., 
p, and ten^./T, at which the differential Joule effect is zero, is idvldT)„i=^vlT; 
and that p-ft99;7-yM677’-1102xl04r'2..,E. S. Burnett, and F. G. Keyes also 
studied thft effect *vith carbon dioxide. ^ ^ 

J. Loschmidt’s falucs" for tjjc diffusion coeffldent, k, per so. cm. per sec. of carbon 
dioxide and , , ^ 

X.O • CO . 0 , Air OH, * u, 

* • • t ■ <»'098:!1 O'ltO.W 0 14095 0 14231 0-15866 0-55686 


. A. von Obermayer gave values for carbon dioxide with nitrous oxide, ethylene, 
™ w " ‘>">'>'''“<1®- air- oxygen, and hydrogen ; A. Lonius, and R. 4,orenz 

and A. Magnus, foi* hydrogen : J. Stefan, for water, and alcohol; A. Winkelmann, 

“r T u J ^rr m ' Hausmaniiiger, J. C. Maxwell, 

J. d- Mood, H. 1. Brown and F. Escombe. for air; G. Hiifner, for carbon monoxide; 
A. Winkelmann, for alcohol, ether, esters, and fatty acids. A. von Obermayer 
represented the effect of temp, and press, with air, oxygen, and nitrous oxide by 
_ ko-k{l„ll) J. ho.schmidt used k^=--k(T^ITffll6 for a number of gases. 

According to K. Hnmmcyr, when /;arbon dioxide is separated from l^drogon or 
oxygen by a moist blaihjer, more ctfrbon dioxide diffuses to the specific^ly lighte# < 
gas than conversely ; and with a dry porous partition, less carbon dioxide diffuses 
to the specihcally lighter g'^ than' conversely. J. Wiesner an<l Jf. Molisch also 
. found that carbon dioxidtj diffuses through vegetable membranes more rapidly than 
hydrogen, oxygen, or iiitroged T. Graha'm, and 0. Matteucei studied L rate of 
diffusion of carbon dioxide fhroiigh dry plaster of Paris; H. E. Eoscoe, and 
M. mtenkofor, though bri«ks; and F. Hannon, through .soils. L. Pfaundler. and 
W. yuincke ^ound tliut carbon dioxide under press, rioes not diffuse pcrceptiS^ 
through glatis walls 1-5 mm. thick. T. Graham. ,1. Dewar, and E. Obach me^ured 
the diffusion of carbon dioxide through caoutchouc or rubber, and the first-named 
^und that the rates with carbon dioxide and monoxide are as 13'585; 1-113. 
F. Epme found 0-(X)3 c.c. of the gas passes per hour through a sq. cm. of rubbei; 2 
mm. thick; and H. Kayser found the speed to be much less than that of fiydi-oien,' 
and to inoreasc proportionally with temp., while the absorption coeff. decreases 
S shoMfed that the increasl in the rate 

of dii{U8ion.tliroiigii rubber is not proportional to the difference of press., and that 
the decftaseln the rate is not proportional to the thickness of the membrane. 

- r ‘ . ”'■“ ° investigated tha growth in the size of bubbles of carbon dioxide rising 
m liquids. F. J. Wrede^ihowed that Boyle’s law does not desciibS the behaviour 
of carbon (boxide at elevated press., and H. V. Regnalilt found Ue gas to be more 
compressiblb than b represented by the function and he represented 

Me compressibility Ay an 'intcrpolatioK formi&a; so afeo did A, Avoeadro.' 
B. Mascart gave 0-009014or the compressibility at 3° ,• D. Berthelot, 0*00688 beWeen 
' A S';. J 1 “tl 0-5 atm., 0-00676, and between 06 and 025 atm., 

000666. P. A. Guje and T. Batueoqg gave 000706 ± 000004 for tfie comptesabaity 
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* . * • 

Tl KI®eson,.T. Andrews‘and Wd Rayleigh also meat/red the com¬ 
pressibility of this gas. T. Andrews’ oWrvations on^lje pT-cutves of carbon 
diqjculc have-beeyi3c»ssed previously I 8); and C. G. Knothlias compiled 
the data from T. Andrews note-hookt. E. H. Amagat gave for tUc change of com- 
pressibmty with tem'J)., vhen the value of pv at O'* aftd 1 atm. press, ih unity. 
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Ht Amagat, H, V. Regnault, K. Neumann, and PT Blaserna measured the devia¬ 
tions ffonr Boyle’s law ej^ibited by this gas. E. 41. Amagat’a resi^ltiS are given 
in Table XXIII. The results are plotted in Fig. 40, win *e the inset represents the 
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Table XXiri.—E. 1 i. AhAO.t’S V'ApOKS t’OR TIIK l*ltODUCT 
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curves for values of p between 25 and 125 atm. on a magnified scale. It will be 
observed that the value of pv at a given temj). falls to a niininnvn and then rises 
again. The press, p atm. at which pv reaches a tiiiiiiinum at different temp, are 

0" 10" 20“ 40” 00" 80" 100" 137" I'JS" 25S" 


p . . j36 46 67 101 143 179 211 2t7 265 ,218 

These results mean that the compressibility reaches a maximum »nd them diminishes 
again. The minimum, Fig. 46, at the higher press, is flatter and less abrujtt. The 
curve at the highest temp, is not parallel to the abscissa-axis as would be the case if 
p»=constant. • F*om the inset of Fig. 46, it follows that hplow the critical temp, the 
press, remains constant for certain values of pv. This means that the gas has partly 
liquefied, and the vap.jpress. of the liquid at the given temp.-is being measured. 
*The deviations from *Bo,yle’8 l6w havs been discxissed ly J. A. Siljeafcrom, 
D.*I. JtfendsKeff, P. Blaserna. T. Batueoas represenCbd the deviation from 
Avogadro’s law by 1-|-A=1'00706. F. G. Keyes discussed.the error in the 
measurements pfcduced by the adsorption of cjirbon dioxide by^he glass. A. Wohl,, 





W. H. Keoaom ineaaured tiin cumpreaaibility of mixtures (tf carbon dioxide and oxygen ; 
T. Andrews, of mixtules of carton dioxide and nitrogen ; A. Thiel and E. SchuHo, R. Riotet, 
F. Braun, and A. Bhiniclie, of mixtures of carbon dioxide and^utpinir dioxide; J. P. KueinM^ 
of mixtures^9 carbon dioxide andwnethyl chloride ;*A. Ttlisl and E. Schulte, of binary 
mixtures of carbon dioxide with ethyl chloride, rfethyl ether, ethyl ether, chlorine, or 
hydrogen sulphide; and J. Dewar, of binary mixtures of carbon dioxide with bromine, 
Hydrogen chlorides carbon disulphide, chloroform, methyl chloride, carbon tetrachloride, 
benzene, acetylene, ether, camphor, nitrous oxide, and phosphorous trichloride—aide 
chemlbal properties of carbon dioxide. • • * • 

T. AndrewsVmpJiasizctl the high compressibility of liquid carbon dioxide; and 
f. NattJrer said that it has a greater compressibiity than that of any other bquid 
yet tried, €,*F. .feukin investigated the compressibility of liquid carbon dioxide; 
and C, A. Parsons compressed the liquid one-fifth of its vol. by a press, of 30 tons 
per sq. in. According to W. P. Bradley, A. W. Browne, and C. F. Hale, when a 
system containing both lijjuid and gaseous carbon dioxide between tSmp. of 29° and 
31'2° is subjected to proper mechanical vibration, a peJuliar logJsffect is produced. 
This is due not to impurities in the gas, but to a' change ot state in the liquid and^ 
vap. ‘phases, resulting respectively in thw formation of qjinute bubbles and drops. 
The change of jtate is pAduced by alternate compre^ion and dilatatfbn effected*by 
the vibrations of at steel rod clamped to the press, jacket of the amaratus. JJnder 
^iven conditions of W?mp., press., lengjfh of mercury column, and iSativewol. of the 
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press., vibrations of a certain defimte*pitch are requiredSn order to {Induce the fog 
effect. • . _ • 

, The vapour preiBur6^)f liquid carbon moxijie has been measured by-M. Faraday,i® 
H. V. Hhgnault, R. Mollier, E. H. Atnagat, T. Tate, P. Blaserna( L. P. Cailletet, 
H. du Jiois and A. P. Wills, t. Villard and R. Jarry, J.* Versohaffelt, J.*Zeleny 
iitol R. H.«Smith, C. Antoine, A. Jarolimek, et(i 0! V. Regnauk represented his 

• results* at d° bettreea -25'’ and 45° by J« 5'6771989 - 2-^651888a9+2® 

+ 0-6888e35j3«+2o^ log a- = 9*9947089 J-10, and* log ^ = 9'991tl406 - 10. 

,C. Aptoine uihd the formula log p=-0'8118|9’2615—1000(d-|-263)~i)«; and 
A7 Japofimek, d=63p®’“—i'Sjf*'!—154'5. F. HcnSiiig and A. Stock gave between 

10°andr-;81°, log p=-1279-11 r-i+1-75 log f-0'0020757 T f5-85242. F. G.Keyes 
and A. W. Kenney used lbgi„ p=12-0722-1496'7r*i-g 028453r+»0000364r2; 
and for the rate of change of nress. with temp., (ip/di= p(3146'3r“'^-(j,0 00Olf)761' 
—0'065527)? F. G. Keyes and A. W. Kenney ^avc: • * ^ ^ 

* -60° -40° -30° -20° *10° 0" 10° • 20° 30' 

p . . 6-63 9-90 1408 l9'40 26-07 34-28 44-31* 67-03 71-26 

dpjdT . *0-2726 03660 04722 '(SSOS 0-739 0-906 l lW 1-J63 1-624 

E. Pslck represented the vap. press.,'p, of the liquid by log^o 

-fl-.75 logio r-0 03239r/4-571+317.* J. P. Kuen?n aud W. G. Robson’s values 

for the vap. press, of solid and liquid are : » 


78-3-2° 

J) (solid) . rOO 
p (liquid) . 


_75<> _7()" _G(r -50’ -40“ -20“ 0* 

1-28 1-S8 3-97 - -• ~ -- 

4*30 6-35 6 60 9;^2 . 19*3 34*3 


H. L. Callendar used logi„ p=2-7033-f 3157/dJ’ in atm. of 760 mm. (latitude 45°), 
which is the simplest possible formula; A. Stock and co-workers used 
log p=-1279-llT-i-fl-75 log r-0-(K)20757r f 5-85242 between - 78° and -110°. 
E. Falck represented the vap. jiress., p, of the solid by logio p-=—GflOO/4 .5417' 
-1-1-76 logio 7’--0-009982r/4-54]-4-3-17. .f. Zeleny ami R. II. Smith obtained 

for the vaji press, p cm. of the solid : • 

* * -M-i‘ -67° -00’ 70° -80’ -OO-* -100° -120° -184' 

p . *r 391 368-6 343 144 C.VV 2li-8 119 1-4 «•! 


II. K. Onnes and S. Weber measured the vap. press, ofifcarbon dioxide down to 
--183°, and found the results in agreement with E. Falck’s formula. A. Stock 
recommended carbon dioxide as a liquid for tUermometers over the range - i3 
(2,-100°. R. Lorenz studied the theory of the subject. * 

The coefficient Ol thermal expansion, a, at constant prdSs. has bpen measured 
by G. Magnus,ii who found a -—1100369087 between 0 aud 100 ; H. Regnault, 
o=0-0(»710, and at constant vol., )3-=0 003688 between 0° and 100°. Values were 
also obtained by W. J.M. Rankine, P. von Jolly, T. Andrews, J. Montior, E. Natansou, 
jizin. V. Meyer, F. Roth, E. II. Amagat, etc. A. Jaquerod and F. L. l,crrot 
obtained at constant vol. between 1° and 1067°, ^=0 0036756 with the initial press. 
240 mm. at 0°; and ^=0 0036713 with the initial press. 170 mm^at O*". G. Mclander 
found at constant vol., at p mm. press. ! 

’ 347* •* < 749 

0-0036866 0-0037264 


p . 18-1 

o . 0-0036763 


66-8 

0-0036641 


101-6 

0-0036667 


169-1 

0-0036701 


267 

0-0036803 


A. Leduc gave i^-003724 between 0° and 100° at constAt press., and ^=0 003713 
at constant vol.; or a=0-f)03750 at 0°, and )3=0 003725 at 0°. P. Cbappius 
^ound for the coeff. of ^pansion, at constant press.: 


I 618 mm. 
I 991) mm. 
11377 mm. 


0“ to 20“ 
00037128 
0 0037602 
0*0037972 


0“ to 40“ b 
0*0037100 
0*0037636 
0*0037906 


0“ to 100“ 
0*0037073 
0*0037410 
<0*0037703 

» 


T 
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»• * • • * . • 

E. H. AmagaVfound at conitant press., a X 10*to have at p-atm. press.^and betweea 
0° and 258°, the valve! indicated in Me XSIV. The thermal expansion of 
. ' ^ • • 

Tahw; XXIV.*- Coki'kk'ikhts or Expansioi# of Carbon Dioxide at Different 

• • TKMl'KRATeREB AND PKE*tliks. • ^ 

• ___ 



. 

• 


• Tcmperaturt.'ii. 

• * • 


• 

• 

• 

• 

atm. 

7 

20 ^ 

— 

3(1" 4U" 

' 

50- *00’ , 70" 80" 

.• .i r 

• 

i % 

• 100" 

jf^- WS" [258- 

- - 

76 

054 

884 

1437 7031 

7764 i 7487 ' 7142 6821 

0524 

6281 

6490 47(i(i 4290 

100 

544 

455 

877 1327 

«867 i 3794 4074! 4189 

4183 

4137 

3933 ' '3420 1 3128 

200 

410 

422 

483 520 

697 682 781 ] 893 

1000 

1115 

1349 1631 1693 

600 

253 

1*207 

231 278 

202 305 310 387 

337 

340 

387 449 — 

1000 

175 181 

% « 

• 

lS3k KB 

189190 194 198^ 

- - . ' t- 

• 202 

200 

226* — 1 — 

• i 


♦ • 

liquid cai4)on di.'ttidc is stated by J. II. Nivujann to bo greater than that of any 
substance ytt obsAved ; B. Sghwalbo also einjdiasized the large coclf. of expansion. 
J. Dewar found that the coelt. of cxpansioip of the liquid at the b.p. 0'0()2#89 is 
very nearly five times the valSe of the coefi. of the solid between —188° amUthe 
b.p. E. d'Awlreeff found that if the vol. at U° is unity, the vol. at —10° is 0'9517 ; 
at -1 10°, 1'0D8D; and at 20°, 1’1457. J. Dewar gave O'0CIO57O4 for the coeff. of 
expansion of solid carbon dioxide between —188° and the b.p. J. D. van der Waals, 
R. Clausius, Jj. Scjianies, A. Ritter, E. Sarrau, K. Eangcn, W. Behutt, A. Leduc, 
B. Leinwebcr, V. Nj(^govan, J. B. Goebel, V. Eischer, J. Daclaiix, etc., have dis¬ 
cussed the equation of state of carbon dioxide. K. (.'lausius' and J. B. Goebel’s 
equations are respectively: 

0-U03i;8Sr _ 2-0933 _ 0-003(i843' O'OOUU 

^"'11- 0 000843 J-(e -0 000977)' ^ 0-00329 ' (,--0-000(18)“ 


J. D. van der W'aals’ eipiation has Veen ])revioualy discussed: 




0-00891 


= i-ou(i40-(- 


7' 

273 


The values fropi T. AiiJirewsj data are <(=:()-(X)678 to 0-(X)717, 6=0-001807 to 
0-001908; from E. H. Ama^jit’s data, rt=0 00719, and 6----0 001912; W1 from 
J. Dewar’s data, (i---0-00(!83, and'6=0-001813. P. B. MacDougall’s calculations 
of the variations in*« and 6 from E. H. Aniagat's data have been indicated (1.13, IjL 
H. von Juntver fonmr the valuej of 6 are variabjj, wifli,t.emp. and internal press., 
and posiiibly also with the atlraidion of neighbchtring mols. From E. If. Aniagat’s 
data at 100° : * 


p . , 60 100 ,300 500 700 900 KMK). 

V . 0-02413 0-01030 0 00297 0-002401 0 002183 0-002051 •O-OOftOO 

b . 0-00298 , 0-00276 0 00191 0-00172 0 00104 0 00159 0-00166 

^ similar variation occurs with T. Andrews’ data# The variations in the values of 
b in the neighbourhood of the critical temp, arc considerable ; but F. Roth showed 
that ov4r lo6°, 6 is constant. 

The thermal conductivity of carbon dioxide has been measured by J. Stefan,i2 
A. Winkelmann, A. Wulftier, L. Graetz, G. W. Todd, Ph Soddv’and A. J. Berry, 
J. Jamin apd F. Richard, A. Obcrbcck, F. Narr, A. Kundt and E. Warburg, etc. 
P. A. Eckerlein foUnd for the coeff. ib cals, per cm. for 1°%0’0002546 at —’78-5° 

0 0002824 at -50-5°; and 0 0003434 at 0°; A Winkalmann found 0-0003Q7„at 
0° i and A. Schleiermacfier, 0 000327 at 0° and 0 006506 at 100°. fc Pauli found 
for the ratio iioc/Po" I'dlS. S. Weber gave 3-393xl0~6. *E. Mallard and 
le Chatclier studied the rate of cooling of carbon dioxide. * 
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In 1797,'Count Rumford w descriljfd elperimenttfon^hc explosionif gunpowder 
in a cylinder with a capacity equal to the vol. of the e^yjlosive, an(f fitted with a 
valye. He said: ‘ ^ 

Whai^wafi very remarkable in all tlfese experiments, in which th% generated elastio 
vap. was completely confined,•was the small degree of expnnai\'e force which tkis vap. 
£y,peareYl to possess, after it has been suffered to remain a few minutes, or even only a few 
seconds, coflflned in the barrel; for upon raising the weight by moanS of its lever, and 
suffering this vap. tb escape, instead of escaping a loud report it ruslipd out Vith a 
hissing notee, hardly sq loud or so sharj) lis the report of a common air-giui, am/ its effects 
against the leay|^r stopper, by which it assisted iit raising the weight, were so very feeble 
s^ nolf t<* bo sensible. 

M. Faraday takes this to mean that the carbon dioxide and other gases were 
condensed to the liquid strftc. In 1823, H, Davy saiif th4 in attempting to liipicfy 
carbon dioxide by a method analogous to that which he employed fqr hydrogen 
chloride, by*thc action of sulphuric acid on anpnouium earlipnate in a scaled tube, 
“ in tlm only trial I have made, the tube burjt.” M. Faraday, howpvffr, usi'd the 
same reaction and condensed the ga« to a lim)iid colourless liquid. He said that 
much strengcr tubes arc needed forcorbon dioxide than for oth» gases ^ircviously 
tried: • * 


Tubes which have hohl liquid carbon dioxide well in- two or llirco weeks logelhor, 
have, upon some increase in tlio warmtfi of the weather, spontaneously exploded witli 
great violence ; and the precautions of glass masks, goggles, etc., which i»o at all limes 
necessary in pursuing these experiments, are particulariy so with carbon dioxide. 

J. H. Niemann said that it is best to allow the acid to come in contact with the car¬ 
bonate very slowly because of the development of heat in the reaciSon. G. (lore closed 
the tube, with a rubber stiqiper. A. Loir and (J. Drion cooled the gas by evaporating 
liquid ammonia over sulphuric acid under reduced pre.ss., and found it liquefied at 
ordinary press. In 1834, M, Thilorier liquefied the gas by compre-ssion in a pair of 
cast-iron vessels, one of which was used for generating and the other for liquefying 
the gas. Ho relied on press, alone to produce liquefaction. AecorjUng to A. rieisehl, 
in 1835 one of the storing vessels used by M. Tjiilorier at the Eeole de Pbarmacie, 
• <l'aria, ex|)ioded before the class, and, said ,1. vondaebig, “its fragments were scattered 
about witAjtlie most treinondoii.s force ; it cut olt both tife legs of the unfortiqiate 
operator, M. Hepvy, and the injury was followed by bis dhath ’’ (1. 13,25). Wrouglit- 
iron was then employed ; ,T. Mareska and E. Donny used Aiad cylinders surrounded 
by coppea jackets. W. N. Hill, L. P. (!al11ctet, A. Zimmermauu, H.'’Gall, J. K. Mit¬ 
chell, H. Dcbray, R. Addams, J. 0. Nattercr, ha,ve also indicated processes for the 
liquefaction of the gas, A. Thiel described the filling of glass tubes with liquid 
Mrbon dioxide.. Numeroiir. systems have been devised for liquefying earbon 
dioxide, particularly since liquid (Swbon dioxide is ittored and sold in the-,liquid form. 
The miylern compressors are usually of the multi-stage type in which the gas is 
compressed in a number of stages involving two, ttiree, or four increases of presii 
Since the tern]), of the gas is raised by compression, the gas is cooled by cold water 
‘between "each stage. According to R. T. Stewart, and A. Lange, the cylindeta in 
which the gas is stored arc not completely filled, a space is left f»r the liquid to 
expand, otherwise ther6 is a risk o' explosion. The presence of air also inertftses th» 
risk of explosion, for one per cent, of air in the cylinder inqreasc8,the press, by thre6 
per cent, under the most favourable conditions. ' • 


J Behrens R. Mackenzie, F. Windhausen, H. Herberts’, P. Winand, etc., have patents on 
the preparation of the liquid; and O. M. C. Heyl, A. Kndtjp, W, Burstyn, A. MuUcr, 
P Paaottet, etc,, haVe'discussW the holders for storing the liquid. There are a number of 
m'onoCTaphs on the subject: E. Luhmann, Die Kohkmmre, Wien,. 1906; Die Mnka- 
•(ionder mtiigen KohUmmure, Berlin, 1904 ; J. C. Goosmann, The. Carbomc Acul ltiduihry, 
ChicMO 1907 ; 0. Kausch, Die Kokknedure, ihre HersteUvng und ferwemung, Hannover, 
1909 • N W^iider, Die Kohleru/aure Indvetrie, Berlin, 1901; A. M. VUJon, Lee emphis 
indJtrUU de Vacide carbonigve, Paris, 1892; T. Holier, Die Impnignirungetecknik, Wien, 
1896; C. \ MitcM^ll, Mineral and Aerated Waters, London, 1916. ^ 
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M. Thilo^^ found that^when liquid cltbon dioxide is placed in a velsel provided 
with an openVg in the fcj'm of a blowpipe jtd he was able to produc^local cooling 
effects, and he called the arrangement a fmlumeau de froU—t cold-blast blowpipe. 
By releasing fhe gas from press, ho oltained snow-like masses wlioh he firs^ thought 
to be jetual snc^ forqjed by condensation IromHjic moisture of the air. It was 
afterwards found that the chilling of the escaping carbon dioxide is* so grcaj thjt 
some of it becoiflcs solid. J* K. Mitchell obtained the solid in a similhr ipanner. 
L. Blecktode recommended prcparV>g the solid from bombs of*the liquid gas by 
the method employed by^I. LandolS, etc. A cloth bag is •ed'to titf delivery valve 
of the bomb, and the solid coyects in the bag when the delivery Tube is, opened. 
This method is as effective and more simple than the u^ of special ebonite or-mcfal 
boxes—used by E. Ducretet^ L. P. Cailletct, etc.—which are liable to. hrfve their 
parts frozen*togethcr and then cannot be quickly emptfed. C. E. Darling recom¬ 
mended making a flannel bag by rolling coarse flauiiel round a stout tuk^ or rod and 
tying up cmc pnd. The other end was fixed on to tjjffnozzle of a cylinder of carbon 
dioxide. When the gas is turned on, a rod of solid carbon dioxide soon forfns, and 
can be easily renloved by undoing the bag or tutting it open. 0. Hergt, A. Wultze, 
and N. Tcclu hav? also described tlie preparatien of the solid. A. Loir and C. Drion 
obtained tlfc solicf at about i atm. press, by cooling carbon dioxide with liquid 
ammonia. • ' , “ 

H. V. Rcgnault gav(! —TfVfi" to —TS-IM” for the boiling point of liquid calbon 
dioxide ; M.Herthelot, and B. Schwalbe, -78'2°; 0. S. M. Pouillct, and P. Villard, 
—79°; J. P. Kuenen and W. G. Rqbson, -78-32°; H. Erdmann, -78° at 760 mm. 
H. du Bois and A. P. Wills gave —79‘2°; F. G. Keyes and co-workers, —78‘53°; 
and J. Zcleny anddt. H. Smith, 78-2°. K. Scheel represented the effect of press , 
J) mm., on the b.p. by: B.p.-~--78-5-fO-O1095(p- 760)-0-000011(y) - 760)2. por 
the melting point, J. K. Mitchell gave -65°; M. Faraday, -75°; P. Villard and 
R. Jarry, 56-7 at S'l atm. press.; B. Schwalbe, —57° at 5*3 atm. press., and 
-63-9° at 3-6 atm. press.; and H. Erdmann, -57°. J. P. Kuenen and W. G. Robson 
found the m.p. is displaced 1° by 47-9 atm. press. G. Tammann measured the 
effect of press, on the m.p.; and P. W. Bridgman found that the m.p. at one atm. 
press, is —56'6°, and for jire8.s. in V^rms. per sq. cm., the m.p. is * 

I’rcst. . . 1000 2000 3000 4000 5000 0000 VOOO* 12 000 

M.p. . . --37-3“ -20-5; -6-3“ 8-5“ Zl-Z" 32-9” ,44-0“ i»3-|i“ 

»v • ■ — •- 0-1071 0-0079 0-0890 0-0822 0-075,7 0-0531 


The change of volume on freMiing is represented by So. The results are'plotted in 

. ■ %«- 

M. Faraiyay pointed out that owisg 
to the iigh v*p. press, of liquid carbon 
dioxide, it gives the paradoxical result 
that if the b.p. be defined as tlfe temp, 
at which the vap. press, of the substance 
just balances that of the atmosphere,•f.he!' 
b.p. of carbon dioxide is lower than its 
f.p. bjr about 23°. J. Johnston has 
drawn attention to the fact that at about 
6800 atm. press., the melting temp, of 
the solid is the same as the critical temp, 
of the liquid; at press^higher than this. 



W 4^00 6,000 6,000 1000 upOO 
kilogrdm^peroq.cm 

Fig. 4y.—T^e Effect of Pressiue on the 
Melting Point of Carbon Diqxide. 


the sohd sublimes or passes directly into the gas, and the curve represents the 
equilibrium between the solid and gaseous carbon dioxide. There is no break in 
the curve at the critical teiqp. of the liquid, abowe 31°, so*»that a mere change ot 
press, will suffice to p%ss from the gas to .crystalijne‘solid. Thi&^suggests <;he 
question: Can all gases at ordinary temp, be converted into solids by the mere 
application of a large enough press, without their assuming the liquid s^te f Can 
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water abovS its critical temp, be soli^ifieS by pres^ al^ne ? Can be solidified 
at ordinary (femp. by mere compi^ession ? I ” 

The triple point, according to J. Zele^ and R. H. Smitfi, is -be i” at 51 atm. 

»press.; J. P. Kuenen and W. G^ol|pon gavl -56-2'’ at 51 atm.j and P. Villard 
and R. Jarr]^, —56'7° at atm. According to ♦ „ ' 

IJ.. dp Bois and A. P. Wills, the value of dp/dT at the 
, triple goinf is 5-5 atm. per degree. The triple point is 
represented in 6 . Tamlnann’s equilibrium diagf»m, Pig. 

48, by the poi^Oj is the vaporization Surve of * 

• t^e liquid ; OjB is the sublinn^ion curve of the soljd ; 
and OiC represents the eiftet of press, on the ra.fi. Liquid 

being the boundary line ^the solid and liquid phasej. I 

The portion O^C of the OiC-curve is dotted to show that * i' . . 

(J. Tammann thought the solid *o be in a nietastable 
condition, with a transition pbpit O 4 . The solid stable * Pjg , Vymr 

under flrdinary conditions was called Solid /,%nd the ..a n. - ' 

second form was called Solid II. hater G. Tammann , , _ ^ 

showed that the alleged modificatiftiT was due to a Dia- 

nial-obscrvation. P. W. Bridgman found no evidenfe loxue. 

of atecond solid phase at 25° and 67° for press, iq^to 12,(X)(f kgriiis. jier sq. cm. 
The'diagram is also discussed by H. W. B. Roozebooin. 

T. Andrews found the critical temperature of carbon dioxide ft be 30-92°; 
E. H. Amagat, 31'35°; .f. E. Verschaflelt, and L,P. Cailletet and co-workers, 31-1°; 
E. Sarrau, 32-1° ; J. Chappius, 31'.5°; K. Wesendonck, 31-0.5°; J. Dewar, 31-9° ; 
and E. Cardoso and R. Bell, 31° ±010. Other observations have been made by 
J. B. Hannay, D. Berthelot, .1. Janiin, W. Ramsay, G. Owen and A. L. Hughes, 
H. Happel, W. H. Keesoin, 11. K. Onnes and G. H. Fabiiis, E. Cardoso and R. Bell, 
etc. T. Andrews gave 73 to 77 atm. for the critical pressure ; W. H. Keesom, 
72-93 atm.; E. H. Amagat, 72-9 atm.; E. Sarrau and .1. Dewar, 77'0 atm.; and 


Tynpemtures 

Flu. 4S. Dia¬ 

gram of Curbou Dioxide. 


E. Cardoso and R. Bell, 72-85 +O'10 atm. According to L. P. Cailletet, when a 
mixture of air and carbon dioxide is submitted to press., the liquefaction of the 
, parbon dijhide is often greatly retarded. Thais, a mixture of equal vols. of air 
and carbojp dioxide will support a press, of 400 atm. at # without visible change. 
When, however^O vols. of carbon dioxide are mixed with 1 vol. of air, the former is 
easily liquefied. If the press, be then raised to 150 iTr atm., the meniscus of 
liquefied jcid, before concave and well-Hefinod, grows flat and indistinct, then it 
gradually becomes imperceptible, and the liquid aif length disappears altogether. 
The tube then appears as if filled with homogeneous matter, whigh resists all further 
p«ss. as a liquid would, ^hen the press, is again sfowly ^imini.shed, the liquid 
suddenly reappears, at a press, which is constant»for given temp. A ithick cloud 


appears in the tube, spreads, and vanishes as the liquid forms. The press, at which 
the liqifid carbon dioxide reappears are at 5'5°, 130 atm.; at 10°, 124 atm.; at 
13°, 120 atm.; at 18°, 113 atm.; at 19°, 110 atm. Carbon dioxide gas com¬ 
pressed beyond 250 atm. is not liquefied at 21°. It might be sufiposed tha^ this 
disappearance of the liquid is apparent only, in consequence of the refractive index 
of compressed air increasing more rapidly than that of liquid carbon dioxide, so, 
that at the point where the two indices become equal, the surface of thg liquid would' 
cease to be visible; but, in that case, the surface of separation should again be¬ 
come visible when the press, is further increased, fh's. however, does not occur, 
and it is inferrad J;hat under high press, a gas and a liqqid are capable of soln. in 
each other, so as to form a homogeneous whole. T. Andrews’ value for the critioal 
volume of carbon dioxide is 0'0066 and W. H. Keesom's 0-00443 ; and E. If. Amagat's 
Aalue for the critical de'hsity is 0*464. T, Andrews g%ve 0 30^ E. Sarrau, 0'4?95 ; 
J. Dewar, 0 6^; L. P. Cailletc^ and E. Mathias, 0 46 ; W.eH. Keesom, 0'469 ; and 
H. K. Onnes and G. H. Fabius, 0'460. 8. F. Pickering gave for the best repre- 
sentatfve values fl|=31'l; Pe=72'9 atm.; and D,=0'460. E. E. Walker estimated 
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the mol. se9(Kktion at thj ciitical temf. t(^be^'012; and iRIcll9fe^c=^'96T. 
G. Bakker 'iculated tl|p thickness o£ the capHlary film between homogeneous 
phases of the liquid and vapour of carboi/dio.xide. 

* • 

, -30® -10® to® V 10* 20® • 

Ihickiiess . . *. 1-46 V7 2-0 • •2'6 3-6 m(j|. layers 

(J, Aiisdell, .J. 1). van der Weals, anii J. Dewar moaBiirod the effect of hydrogen cMoriSe 
on the* criticoJ constants of f'arhon di^do ; J. Jamin, and J. E» Vefschaffelt, or carbon 
dioxide aiki hydroijen ; W.sH. Keesoiiu oryqm ;* T. Aiidrows, and K. Tsurutaf nitrogen ; 
J. Jamm, and U. Lain, air; A. Bluificko, R. Pictet, and F* Chbet/mlphur dioxide 
{cf. 1.4,8); F. Cuubet, nitrous oxi^r ; ,t. P. Kuenen, and J. P. Kucnen and W. GaltSfbsw, 
ethane.; J. Dewai, and J. P. Kuenen, acetylene; L. T. ^aillotet and P. Hautefeuille, 
cyanogen ; J. P. Kuonen, and i’. (iaid)ot, methyl chloride ; and J. Dowar,^ eldproform, 
carbon dwUpiide, ether, beg^zenA, and pkoephoma triehloridto-vide chemical reactions of 
carbon dioxide. M. Ontnerszwcr and M. Zoppi, and E. H. Buchner have studied the 
effect with ft nunibo| of organic liquids. P. Kolinstwnm and J. C. Reeders studied the 
condensati<^i ijlienoiiiena with niixturtw of carlion dioxid|^and urethane. 

• • • ■ 

The heat o! vaporization, according tofc'hajrpuis.P' is 56'2 cals, per gram at 0° 
and one aftn. prcsf.: B, Schwalbe gave <«!«. at (Vf)°. E. Mathias gave I0'76 cals. 
atfi'S"; 31'8l)cala,*nt22111"; and 14'4()cahs. at2!)'85". L. P. Caillctet, andE.Mathias 
gave ll'fiO cals, at .3*1'’. Tlu! Iicat of vaporization, added E. Mathias, is zero ift the 
critical temp. 0. F. Jenkin aiiTl D. B. I’ye ^vc for the heat of vaporization, G«als. 
per gram, • 

-r,ii --tr —.'iu" —211" —ID" 11“ 10" 20" 

Q . . . 7!P1) 7.5-7 71-3 «U-5 (iO-i) 64-1 40-2 36-6 

J. P. Kuenen and \V. G, Hobson obtained 121 cals, at the b.p., 95-3 cals, at —65'7", 
56'0 cals, at 0°, and 86'1 cals, at the trijile point. U. liehn obtained U2-4 cals, 
at the b.p.; P. A. Eavre and .1. T. Silberinann, 142-2 cals.; and J. Zeleny 
and B. H. Smith, 140 cals. B. Mollicr, E. Aries, and K. Langcn calculated values 
for the latent heat of vaporization. L. P. Caillctet gave for the heat of vaporiza¬ 
tion, Q, of liquid carbon dioxide at 9° between -25° and 31°, Q—1I8-485{31—9) 
-0-4707(,31-9)2. E, Falck gavs (?-"('1270+,TST -0-0,32392’-i)(l-;;Vp.). ’"'here 
Pf denotes the critical press., anif p the va)i. jiress. of tlie liquid «t T° Kf* 
C. .F. Jenkin and D. B.^Pyc gave log.,, Q - PI IMJ 0-411.5 log|rf«(3l-5-9). 

F. G. Keyes and A. .W. Kenney rejiresentcd the obsiwved data by 
logio G--1'2960-|-0-2221 .i log.o (f,-lj4()-05490,311ogi„ {T,~T)\i; and dQjdT 
=—GiO-2222-1-0-11 logic (Tc—T)\(P,.~f]^ ^. The heats of evaporatir* in cals, 
per gram; the external work of ec/aporation p(vi—v.,)-, and the internal energy 
of evaporation are- given in Table XXV. C. Dietcriei also studied the inm 
latent heat o^ evaporution, P. A. Favre gave 0-3128ft:^l. per gram for the heat OT 

Taulk XXV,—Thermodynamic Properties op Carbon Bioxide. • 
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hiskm, and ^38'7 cals, for tbe htent heat o( sablimatien. P. W. S/idgman gave 
for the latent heat of fusion in kiiogram^lories per gram^jth the press, in kgrms. 

^ perisq. cm.; • * ' , • 

Press.. * . . . 300(W..**40& 6000 OOOQ 7000 , 12,000 

Latent bt- • * • • 1»'92 20 17 21-39 21-77 21-90 22-84 

>B. Falck represent^ the heat of sublimation, Q, by Q——J6000-j-3'5T 
—0 009933?'2)(i_j)te)^ where p, derfbtes the’critical piess., and p tho sublima¬ 
tion press. at,ff° K. TJ. Behn gave 142-4 *cals. for the heat of aubligiation. 

*Ja P.’Hucnen and W. G. ^ohson gave 129-9 cal*,for the heat of sublimation, 
43’8 ckls. for the heat of fusion. The heat of sublimation at the b.p. is 121 cals., 
and this iifcreases with ri#e of temp. W. Nernst sgave 3 2 for tlie chemical 
constant; E. Falck gave 317 ; and F. G. Henglein, —O’ll. 

In 182S, Jkl. Thilorier i® showld that a mixture of liquid or lolid carSon dioxide 
with ejher evaporated rapiiflf and produced *a temp, of — 100 °. means of 
Thihrier’s freezing mixture, M, Faraday obtainifd a temp, of —110°, L. P. Cailletet 
and E. Colardeau obtained —82° at^qrdinary press, with a mixtare of carbon and 
nitrogen dioxides; and with methyl chloride, —82° at ordinary pfc 33 .,a»d —106° in 
vacuq; P. Villard and R. Jarry studied the mixture with 
methyl chloride. H. Moissan found .that solid carbon 
dioxide with ethyl or methyl alcohol gives a temp, of 
—85° ; with methyl chloride or acetaldehyde, —90° ; with 
ethyl acetate, —95° ; and with acetone, —110°. • A. Wohl 
and M. 8 . Losanitsch obtained — 86 ° with acetone, and g 
—87° with aldehyde ; and P. Villard and R. Jarry obtained ^ 
no lowering of the temp, with mixtures of carbon dioxide 5 
and toluene. The theory of the phenomenon in the light g. 
of the phase rule has been discussed by H. W. B. Rooze- 
boom. In Fig. 49, I (78°) represents the sublimation 
point of solid carbon dioxide at one atm. press.; F repre¬ 
sents the l^.p. of the alcohol; EOF, the b.p, curve of 

• fee mixtuse ; EOF, the vap. curve ; and E, the b.p. of, 
undercooW liquid carbon dioxide not experimentally 
realizable. Thcji.p., C, of the sat. soln. is always between — Freezin Mix 

the boiling and sublimation temp, of the carbon dioxide.* turoaof Solid Carbon 
If the b.p* E and F are very far apart, the vap. ^urve Dioxide and Alcohol. 
EOF is very steep, and it cuts the sublimation «cur Jij IC 

very close to the.parbon dioxide axis. Hence, the b.p, of the three-phase system 
sflfid carbon dioxide, alcohaJ and vap., is at A, —M°, ne» to the sublimation 
temp, of solid carbon dioxide. The vap. curves 8 f mixtures of carbtn dioxide 
with otjjer substances are not very well known, so that the hypothesis cannot bo 
well tested. • • 

The ratio of the two specific heats of carbon dioxide was determined by H. Bsff,*^ 
who foun^ 1277; A. Gazin obtained 1291 ; A. Masson, 1'277 ; W. C. Rontgen, 
13052 (19°); P, A. MUlIer, 1'2653 between 9 4° and 33 7° and, 27-82-75-89 mm.; 
0. Lummer and E. Pringsheim, d-296 (4°-ll°); J. W. Low, 1’291 (12*-20°) ;• 
B. H. Amagat, 1-292; T. Martini, 1-345 at 0°; J. Jamia and,?. Richard, P29 ; 
G. de Lucchi, 1-292 (20°-25°); J. W. Capstick, 1-308 (20°); G. Maneuviler and 

J. Fournier, 1-299 ; W. Makower gave 1'307 ; A. Kundt, 1-303 (16°); 0. Bucken- 
dahl, 1-2990 at 0°, and 1-2899 at 1080°; H. B. Dixon and «o-worker 3 , from 1296 at 
0-° to 1-230 at 600° ;* J. R. Pirtington, 13022 at 17°; R. Thibaut gave P303 (16°); 

K. Scholer, 1303 (20°); /J. Schweikert, 1301 (0°); J. R. Partington andH. J. Cant, 
r-303 (20°); and B. T&nqu, l-3f65±0-0«032 at 0°, and H. W. Moody, 1-3008 at 
20° find 760 mM. The ratio of the sp. hts. decreases with risfiig temp., and increases 
with rising press., so that the two effects work one against the other. A. Wttllner 
gave I’siUat 0°,*and 1-282 at 100°; lie^po, 1319 at 0° »nd 1283 at 100°;. 
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J. M. Crofts |Sve 1-254'tefween 15° and 53^, 1-253 (15°-645°), 1-252 (15°-557°), 
and 1-251 (15°-570°)H. Ftlrstonau gaje 1-2506 at 484-5°, and 1-3008 at room 
temp. R. TMbaut gave 1300 at 15°,an(ri atm. press.; and 1»279 at 20° and sne- ^ 
third atm. press* E. H. Amagat obtained at C0°,*1-705 at 50 atm., 1-903 a(s60 atm., 
and 2-827 at 70 atm. jSress. According to B. H7 AWgat, the ratio of ^he two 
sp. hts. increases with rise of “press, at constant temp., and decreases i^th rise W 
temp, at copstant press. A. G. Worthing found at 7-78 afm. “press, the ratio is • 
1-338 at 9-2°, 1-310 at 31^, 1-296 a(60°, and 1-256 at 9f^°^ and at a6’52 atm. 
press., 4-702 at 0 2°, 1-499 at 31°, 1448 at 50°, and 1-327 at 98-511 B. Beckman^ 
found for the ratio, y, of the t^ 6 sp. hts. at press, p *m.»at 15°: * s 

p .... 760 392 244 149 100 , • 76 

7 . . «l-3(f45 1-301 1-298 •1-296 1-303 1 302 

W. KUppet obtainad y=1'300, and when exposed to X-rays, y=l-320, and to 
ultra-viole4bght. y=l'322. * •* 

F. CWmeift and J. B. D&ormes fdbnd for the sp. ht. of carbon dioxide at constant 
press., O'J4; F*^e la Roche and J. E. fi^rard, 0'2210; J. Apjohn, 0-2094; 
A. C. G. Suprman*, 0'2124; H. N. Mercer, f)'2000; A. de la Rive and f . Marcet, 
0-1751; andH. V. Jtegnault,*0-2164 when referred to equal weights, and 0'3308 
when referred to equal vols.# H. V. Regnault, H. B. Dixon, E. Wiedemann, 
W. D. Womersley, etc., observed that the sp. ht. increases with rise of ttnip. 
H. V. Eegnaidt gave 0'1870 at 0° and 0-2145 at 100°; and E. Wiedemann gave 
01952 at 0° and 0-2169 at 100°. H. V. Rcgnault’s data, recalculated by 
H. F. Weber, referred to equal weights of water, gave 0-1383 between —28° and 

+7°; 0-1565, betifben 15° and 99°; and 0-1813 between 12° and 214°. E. Wiede¬ 
mann found 0 1952 at 0°, 0-2169 at 100°, and 0 2387 at 200°. K. Scheel and 

W. Heuse gave 0-183 at -78°, and 0-202 at -20° ; W. F. G. Swann, 0 202 at 20°, 

and 0 221 at 100°; L. Holborn and L. Austin, 0-2486 between 20° and 80°, 0 2306 
between 20° and 440°, 0-2423 between 20° and 630°; L. Holborn and F. Henning 
found at 0 °, 0 - 201 , and the following values between 0 ° and d°, and at 6°, Ce : 

«... 200” 400“ «00“ 800“ 1000“ 1200“ 140g" 1600° 

Sp. ht. . . 0-216 0-228 0’239 0-249 0-257 0-204 0-274 0-27* • 

Sp. Ijt. cj . . 0-229 0-252 0-271 0-285 0-295 0-301 0-30^ 0-300 

• • 

and he represented the results between 0” and by C;,=O‘2©1O+O'OOOO7420 
—0 0,1862; or,, according to L. Holbqrn and L. Austin, the sp. ht. at S is 
Cj,=0-2028-f0-0013846—0 07562 . T. Martini gave for the molecular hes# Oj,=7-89 
at 0°. For the mean mol. hetft between 0° and 9°, H. V. Regnault gave 
C7i=8-28-|-0-00596&; B. Wiedemann, 8-56-(-0'0050386; L. Holborn and L. Ansljjj, 
8-92-fO-OO^fl—0-0,7962 1 L Holborn aqd V. .Henning, 8-85-j-0-003276 

—0-0,7962. j-oj tJjg trgg jjjqJ u y Kggnault’s formula becomes 

8-28-1-0-011926; E. Wiedemann’s, 8-56 +0 0100766; L. Holborn and L» Austin, 
8 - 92 + 0 - 006086 - 20-052262 ; and L. Holborn and F. Henning, 8-85+0-006536 
- 0 - 652462 . R. Thibaut gave Oj=8-77 at 15°; K. Scholer, 8-76 at J0°; 

G. Schweikert, 8-85 at 0°; and J. R. Partington and H. J. Cant, 8-76 at 20°. 
G. N. Jjewis and M'. Randall gave for the mol. ht. of carhon dioxide between 0° and 
°2000°, C,=7-0+0-0071I’-0-00000186r2. M. •Trautz gave Cp=8-91+0-00652’; 
and S, W.,'Saunders, for the best representative value, C;,=7-34 +0-003397r 
■ — 0 - 056102 ’ 2 . For the increase in the sp. ht. with rise of press., S. Lussana 
gave 0-201 at one atm., and 0‘267 at 30 atm. C. de la Condamine^and V. Fischer 
calculated values for the’sp. hts. at constant vol. and oonstan^^ress. 

H. V. Regnault found the sp. ht. of carbon dioxide'at constant vol. to be 0-1843 
between —28° and +17°, 0-2025 between 15° aqd 99°, andJD-2169 between 12° anij 
214*. L. Holborn (End F. Henning gavb for the mol. ht. at constant vol. 8-415; 

F. Keutel, 0,=6-69; R. Scholer, 6-72 (20°); R. Thibaut, 6-73 (1^; 6 . Bchwei- 
kert, 6-80 (0°); J. R. Partington and H. J. Cant, 6 72 (20°) j M. Trauiz and 
^0. (irosskinsky, 6-916 (15°), 6-925 (48°), and 6-932 (20°); E. FUrstenah, 7-0, and 
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J. Joly, 7'*4. A. Winkehnann gav%{or*the ratio*Ci(io/Co=l’172« jH. F. Webet 
said that ptks. has very little injuence on the sp. ht., b|t J. Joly found the sp. ht. 
risfs with increa^g press, more rapMly with carbon'dioxide Jhan with air. 

' H. B. Qixon and F. Wi Rixon fpun4 the sp.* ht. of carbon dioxide at constant vol. 
to rise gradujiUy with the ttttnp., while variations of press. Jiave but little influence, 
ffhey dbtained the following values for c,, reduced to ^ press, of 100 atm.: 

' * ‘lesns” i7o’-u8° • i7'5“ ar-aos”, ii“-398° 

c, . • . . 0'20b4 * 0-2092 » 0-2884 . 0-3865 

’ 4- Crofts l^tained 7-815 Jjetween 15° and 53J°, 7 847 between 15° a'nd 545°, 
7 878 between 15° and 5^7°, and 7-909 between f5° and 570°. E. Mallard and 
H. le Chatelier represent^ their results by Cj=6-5^0-00387 T ; H. le Chatelier, 
by C„=6-5+0-00387e ; and C,.=6-3-i-0-006e-0-05fl8d2 K. Langen, by 
C„^6-7+0,0026jr; M. Pier, •by C„=6-800+0 0033r-0-4)595r2-rO-0,lT3, at 
temp, between 0° and T°. “She relation dedflced by M. Crofts fronyC. N. Lewis 
and, j 1. Randall’s values is CB=5 0d-0 0071?—O OOOOOldGr^. F. 4i. Keyes and 

A. W. Kenney gave Cj==0-1547+Cl'0001595d—0 0795^2 cals, pbr gram at 15°. 
Other values were given by F. Kehfbl, W. A. D. Rudge, A. \\^llner,^R. Threlfall, 
H. Yalerius, R. Geipert, M. Trautz and B. Berneis.'W. D. Womersley.R. T. Glaze- 
brook, C. F. Jenkin and 1). R. Pye, I. B. Zo(ii, M. Tratilz and K. llebbel, 
H.*N, Mercer, etc. 

C. F. Jenkin and D. R. Pye found the sp. ht. of the liquid carboh dioxide to be 
0-551 at 0°, 0 523 at —20°, and 0-480 at —40°,; C. Dieterici gave 0 50 at 0° ; and 
F. G. Keyes and A. W. Kenney calculated 0 543 at 0° and —20°, and 0-544 at —40°. 

B. Schwalbe found the sp. ht. of the liquid to be c,,=0-2164.* A. Berndt showed 
that at constant vol. the sp. hts. of liquid and vap. between —5° and 25“ are 
the same. A. Eucken found the sp. ht. of solid carbon dioxide to be 108 at -263 6°, 
and 13-38 at—73 5°. C. F. Jenkin and D. N. Shorthose measured the total heat 
in liquid carbon dioxide. J. Kapp measured the sp. ht. of binary mixtures of carbon 
dioxide with oxygen, and argon ; M. Berthelot and P. Vieille, of carbon dioxide 
with oxygen, and nitrogen ; and J. M. Crofts, of carbon dioxide with electrolytic gas. 

• • The ijieat of formation of carbon dioxide has been discussed in connection with 
carbon. JDeterminations have been made by P. A. Favfc and J. T. Silbermann,** 
M. Berthelot, 4- Thomsen, H. W. Schroder van der Kolk, etc. M. Berthelot*gave 
(C, 20)=94 Cals. (CO, 0)=66-81 to 68 28 Cals., anR (CD, 0, aq.)=72-69 Cals.; 
while J. Thomson gave with amorphou* carbon (C, €0)=96-96 Cah., (CO, 0)=66-8 
Cals., and (CO, 0, aq.)=72-69 Cals., all at constant f»ess. P. A. i’avre and J. T. Sil- 
bermann gave for (C, 20) at constant press, with wood charco»l 96 98 Cals.; sugar 
Ifharcoal, 96 53 Cals.; graphite, 93 36 Cals.; and the diaigond, 93-24-94-55 Cals. 
M. Berthelot and P. PetiPgave fer.diamond carbon (C, 20)=94-3 CalS.*for graphite 
carbon^ 94-8 Cals., and for amorphous carbon, 97-65 Cals., all at constant vol. 
V. Njegovan, R. C. Tolman and R. M. Badger calculated the pntropy of oarbgn 
dioxide; and H. von Juptner, the free energy, F, of the reaction C-|-02=C02; 

* wllen pfand respectively denote the partial press, of oxygen and carbon dioxide, 
F=98369-9-54-06r-|-6-3ir log T-O'OmiT^+iMT log lj>iJpt). W. Schtttt, 
A. Eucken and co-workers, and K. Langen have discussed the internal energy, 
and the entropy of carbon dioxide. K. Langen calculated a heat-eptfopy diagram 
down to —50°. J. Thomsen found the heat of solution of a mol of carbon 
dioxide in 1500 mols. of water to be 5 880 Cals., pnd for the heat Of neutraliza¬ 
tion of a mob oi aq. carbonic acid with n mols of sodium hydroxide, H 2 C 03 aq. 
-f-nNaOH; • • 

fi ....... 1 2 4 

Heat of neutralisation * . 110 4102 • 204 Cals. • 

r • • 

P. A. Favre and C. A.Valson gave for the dil. soln. NajOaq. -)-C 0 j=Na 2 C 03 aq. -1-25-88 
Cals.*; aad N. fJ. Beketoff gave 75 28 Cals, for the same reaction. M. Berthelot 
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foond for (^C^aq., NH3aq.)=?35 Cals, with asoln. of 1-25 grms. of carbon dioxide 
in a litre, or one eq. of thefialt in 20 litresand P, A. Favre and C, A. Valson gave 
16'946 Cak fot the same'reaction in dll. sofii. , , « 

E. Mulder found that a small proportion pf carbon dioxide enhanees the 
lumiaosity of the Same ef coal gas; but P. F. FranAlaSid found that farge propor¬ 
tions act in the opposite direction, for 60 per cent, of carbon dioxide com^latel)* 
destroys the luminosity of the flam^ of ethylene. A. Bunte, G. ,Frere, f". Glowes 
and co-wotkefs have studied this sflbject. E. Rosetti gave* for the combustion 
temp, of mixtures of one vol. of coal gds with n vols. of carhoJ^dibxide^^ 


0 -. 5 » 

iieo" 


0-67 

1170 ° 


1-0 

1100 “ 


• 1'6 
1020 “ 


2'0 


30 

780 “ 


Temp, of combustion 

c j * ' 

The index Ol refraction of carbon dioxide, without spectral resolution, has been 
measured by many ofcserveij. J. B. Biot and F. f. Arago “O gave u=it 0004497 • 
Ja“‘n,*10004!>00; W.aRamsay and M. W. Trpvers, 
r0004488. Othej observations have*been ma^e by M. Croullebois, L. Boltzmann 
. . S“*^’>“^son, F. Mohr, J. A. Wasastjerna, L. Bleckrode, J. Klemencic, 

etc. G. W. Wiilker obtained for Na-light, 1000451. For light A=535-2uu, E. Ketteler 
A=fi70-8pp, 10004477 ; E. Mascart, for A=480 Qttn 
1-0004587 and for A=.643-8pp, lt:)004532; E. Pprreau,for A=467-7pp, l-000455olhd 
! H- C. Kentschler, for A=334-2pp, 1-0004668. and\r 
f™'l=435-9pp, 1-0004563, and for A.-=8678-4np, 
^=*^136-9pp, 1-0004589, and for A=670-8pp, 
Gruschke, A=447-2pp, 1-0004568, and for A=667-8pp, 
1 0W4475. J. Koch found a marked anomaly in the ultra-red. M. Faraday, 
o. ^hwalbe, and J. H. Niemann comrntmted on the high refractivitv of liquid 
carbon dioxide. L. Bleekrode found the index of refraction of liquid carbon dioxide 

in the vicinity of the critical temp., being 

-n a rf vm '1^® “* 24“. The crystal of thf 

solid, sa^ P Villard and R. Jarry, have no action on polarized light. J. Chappius 
^d t. RiviCre gave for the effect qf press, p mm. up to 19 atm. at 21° for the 
5-lme, p-l=0-000540p(l+0-0076pd-0-0000050p2). V. Posejpal als^ studied' 
the effect of reduced press, on the index of refraction. It was found thab the laws 
p- )//)=constant, and (p'^--l)/(p»+2)j!)=constant hold good irt press, up to 
19 atm. P. Phillips gawf(p?-f2)/(p2-l)r,6-581-)-0-1130D2. The dispersion has 
been measimed by E. Mascaft, M. Crofillebois, etc. The last-named found 
f° ^ \ f^o-^c=ll-000115; and for (po-pc)/(p£-l)=0-2214. 

L. Ji. Siertsema and M. de Ifaas found the dispersion constants are independent 
of press, between 20 and 47 atui. H. Becquerel found the magnetic rotatory power 
for Na-hghUo be 12-18; and thb ratio of the vaI6e for c'arbon dioxide to tit of 
carbon disulphide to be 0 000302. T. M. Lowry found the index of refraction and 
sp. inductive capacity agree with the assumption that the molecule is not internally 
lonizeq. P. Gian found the optical properties of reflecting surfaces are not affected 
by carbon dioxide. J. W. Briihl gave for the molecular refraction, at 15*^° 6-58 
for the bqmd and 6A7 for the gas. The scattering of light in carbon dioxide has 
teen discussed by M. Raman, and C. V. Eaman,and K. S. Rao, A. 8. Ganesan 
A. R. Ramanathaq, and.by Lord Rayleigh. The electromagmetic rotation or 
Verdet s consfnnt, w, is, according to L. H. Siertsema, tox 10«-2-682A-i-t-0-8305A-s 
at 6 5° and at atm. press, when the wave-length. A, is expressed in u. The 
electromagnetic birefringence was studied by R. de Mallemann, aad’N. Lyon. 

The s^k spectrum of carbon dioxide has been discussed iif connection with 
carbon. Observations have been made by E. F. Barker,2i 4 . WOllner K Wesen- 
donck, H. Deslandres and L. dlAzambuja, G. Gehlhflff, W. H. Bair, W. W. Coblentz ' 
K P^ten. K. J. Angstlom, A. Hagenbacb, F. Himstedt and H. Vto DecheriB[ 

H. Bair, etc. Carbon dioxide is a colourless gas, and it shows no visible 
atMOrpnon spectmn^ In the ultra-red, there is a band with malimumdnten^ty 
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corrraponding with wave-length 4' 76/f. The nltra-red el^on spefttnm of carbon 
dioxide at a press, of 0 6 mm.T by \V\ W. Coblentz, is* illustrated in Fig. 50, 
which can be com^red*with Pig. 35, for carbon * 

monoxifle. He added that t jje “ greafo intensity s i— 

of the.band with carbon monoxide would make 5 — 
ft ajipear «s though the 4'75/i band were due to 
this gds.” The atm. shows the same absorpti^ ? 
bands; does the ^ir|i in which carton dioxide ^ ^ ^ 

is a, product*\>f the combustion. J. Okubo ^ dLL_ 

showed* that the nearer idtr^red spectrum of ^ j 

carbonslioxide comprises intense bands at 21ln Itdiv-iengc/i 

and 2'77/t, and a someithat weaker band at *Fia.t50.—tiltro-re^ Emission 

2'61/a. There are a number lA feebler bands Spectrum CarbonsDioxide. 

with varioift maxima between 3 02/t and 2'29/s. • ^ 

H. Schachenmeier made observations on th^ ultra-red spectrum (J carbonates; 
and A. Balandin, and H. M. Randalhon the ultra-rod spectrum erf carbon dioxide. 
F. Paschsn found that the effect of.temp. on these bands is siiSh ,that*tho maxi¬ 
mum is disjilaced 4'270^ at 17°; at 600°, 4'344/a; at 1000 , 4'388/u; and at 
1900°, 4'403/i. There is also a band with a maximum 2rfi/t in the ultra-red. 
H. Rubins and A. Aschkinass found a third absorption band with a maximum at 
14'7/t. According to H. N. Kreusler, and V. Schumann, there is a faint absorption 
for ultra-violet rays more refrangible than 200f»/x. W. H. Miller showed that the 
gas is transparent to the actinic rays. C. Schafer studied the effect of press, on the 
ultra-violet spectrum of carbon dioxide. • 

The absorption of heat rays has been investigated by K. J. Angstrom, W. Barrett, 
H. Heine, J. E. Keeler, E. Lecher, E. von Bahr, W. C. Rontgen, J. Tyndall, etc. 
The selective absorption of the heat rays represents the power possessed by carbon 
dioxide of hindering terrestrial radiations, and, by blanketing the earth, helps to avert 
excessive changes of temp. This question has been discussed by S. Arrhenius. He 
tried to picture the effect of a change in the proportion of carbon dioxide in the atm. 
on the, surface temp, of the earth. The temp, of t4ie earth’s surface was assumed to be 
' fti equilibAum with that of the atm.; if by any increase»in the amount of carbon 
dioxide thi atm. retained more heat than beforq, it would radiate more heat t(f the 
surface of the c*rth. The surface temp, would then rise until equilibrium between 
the two occurred. The rise was assumed,to be govejned by the radiation law, and 
hence it w#sestimated that if the carbon dioxide is increased 2'5 to 3'0 times its present 
value, the temp, in the Arctic regions would rise*8° to 9°, and produce a climate os 
m^d as that of the Eocene Period; a decrease of 0'55 t(r0'62 tinms its present value 
would cause a fall of 4° to 5J sSid p^duce a glacial p^iod. F. Ffech, and.^ F. Tolman 
support S. Arrhenius’ ■views. B. Rayser, and C. G. Abbot and F. B. Fowle hold 
that tha carbon dioxide in the atm. cannot absorb more than 16 per cent, of the 
terrestrial radiations ; that variations in its amount are of small Effect; and that 
J;he 4 )ropq^ion of aq. vap. in the atm. is so large as to make the climatic significance 
negligible. The principal absorbent of terrestrial radiation is aq. va» 

R. K. MoClung,22 and J. A. Crowther studied the ionization o7 carbon diojide by 
hard and soft X-rays ; P. Lenard, %y cathode rays : T. H. Laby, R. A^Millikan and’ 
co-workers, and E. P. Metcalfe, by the a-rays from uranium, etc. 7 R.’lJ. KJeeman, 
and T. H. Laby and G. W. C. Kaye, by y-rajw ; and R. D. Kleeman, and R. J. Strutt, 
by Becqoerel’s rays, P. L. Kapitza measured the toss of energy by aii o-particle 
passing througfi A^bon dioxide; A. Lepape, the effect bf carbon dioxide on the 
ionization current produced ’by o-rays; F. Hauer, the ionization by arrays; and 
{*. W. Burbidge, the abjarption of X-rays. H. Baerwald, and A. Becker measured 
the absorption of cathodes rays by carbdh dioxide. *H. ^ickJndraht studie^the 
action of carb6n dioxide on th% fluorescence of sodium vap. The chemical effects 
of ultja-'violet rafs and radium radiations are indicated below. J. Elster and 
H. Geitel ffiund tW natural carbon dioxide fnom deep soils is mdioactive. • 
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0. Gehlbok^^ found the cathode fall 8f potential when an electric discharge 
passes through carbon riioxide is not tbe^am of'the separate values for the com¬ 
ponent atoms* He eliminated the effects due to the deacmpbaing action of the c 
discharge on thJ gas-^mde in/ra. F. Narr* C.* Ricjter, A. Becker, an^ C. E. 
and H. Guye studied the effect of carbon dioxide on the discharge from an * 
influence machin’c. Accordiflg to A. Becker, mercury in contact with c&bdSi 
dioxide takes on a positive charg^. E. Dycretet, L. Bleekrode, L. P. CAilletet, ' 
and B. Schwalbe found 1,hat when» solid carbon dioxidegis anad^by phasing the 
gas intb a bag or ebonite vesjel both the receiver and the soliificarbon dioxide, 
are charged negatively, while the escaping gas is'cherged positively. Stn^ilarljr, 

J. Joly found that a jet of gas from a copper bomb gives off elecfriosparks. 

6 . Hauskneebt said thatethe*best electrical effects are flbtained if the gas is quite 
free from air, M. Faraday, and K. Wesendonck sjid that it is doubtful if the gas 
alone, quitg fijie from dust Rnd moisiure, would develop an electric chargfe by friction 
against meta*. .T. Elster and H. Gcitcl showed tSat the so-called electricity of 
flames is but a (pecial case of the more general positive electrification of gases in 
contact with incaljjlesccnt bodies (3. 26, 1 ). • A. L. Hughes and A. A. Dkon gave 
10 volts for the ionizing potential ; C. A. Mackay, 14-3 volts; and K. T, Compton, 
6’47-8-2 volts. H. E’. Hurst jtudied the discharge potential of carbon dioxide; 
and C. B. Guye and co-workers worked with'the gas under press.; C. E. Guye^and 
B, Rudy als(f investigated the electromagnetic rotation of the gas ; and J. Kunz, 
the press, in the corona discharge. ’ 

E. Becquercl, 2 i and E. Villari found the electrical resistance of carbon dioxide 
at a red heat to be ^•2 to 2 0 times that of air. G, Gore, L. P. Caillctet, and L. Bleek¬ 
rode found liquid carbon dioxide to be a very poor conductor of electricity. The 
ele^cal conductivity of aq. soln. of carbon dioxide has been measured bv 
E. Pfeiffer,^'* F. Koidrausch, F. W. Knox, J. Walker and W. Cormack, etc. Aq. 
soln. of carbon dioxide have the properties of an acid—wde infra, action of water 
on carbon dioxide. It is therefore inferred that carbon dioxide is carbonic anhydride, 
and that the aq. soln. contains carbonic acid, H.COa. This acid has not been isolated 
because it so readily decomposes fnto water and gaseous carbon dioxide. When 
the aq. soln., coloured red by litmus, is boiled, the gas escapes, and tbesoBi. acquires * 
the neutral tint. According to th» ionic theory, the acidity of the solif is due to 
the presence of H-ioqj drived from the ionization of carbonite acid; HgCO, 
v^H-q-HCO.,'. <If V denotes the vol, of theaoln. in litres containing a mol. of carbonic 
acid, and a be the proportiontof acid ionized, then, * 


<1 ' 


i—et 

V 





where A'j represents the ionization constant in HaCOsv^H'-fHGOa' The subject 
has been discussed by A. Thiel, R. Strohecker, 0. Haehnel, E. Wilke, and £. Pusch. 
J. Kgndall measured the sp. conductivity of water in equilibrium with the carbon 
dioxide of the atm., and found the values 0'65 X 10~® at 0°; 0'75 x 10“* a(el 8 ° • find 
OBOxlO-" at «5“,flnd, in agreement with J. Walker and W. Cormack, who said 
•that ertbon dioxide is the only substance in tlm atm, which confers conductivity 
on water ;tthe pprest distilled water of the laWatory is a sat, soln. of carbon 
dioxid^undhr existing atm. conditions. F. W. Knox gave for the eq. conductivity 
A mhos, when a mol of the asid, H 2 CO 3 , is dissolved in v litres of water: ' 


« . . . 12'61 

A . . ., 0-777 

o . . . 0-00210 

XjXlO’ . 3-76 . 


1^-43 36-36 

0-932 1-210 

0-00261 0-00367 

3-7CS 3-72 , 


63-2 125 

1-680 • 2-44 

0-00443 0-00684 

3-701 3-77 


287 1069 

3-74 8-01 

0-01048 0-02244 

3-86 4-69 « 


• • 

J. Walker and W. Cormack gave for the conductivity at infinite dilution 3-666 *and 
^ calculated for the transport number of the hydrocarbonate ion, UPOg', 40-6, and for 
• the H--ion, 316, fro* the conductivity of soln. of sodium hydrocatbonate ;* J. Kendall 
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,«ve 401 81*18°, 35 at 12 5°, and 25 afcO° for the HCOs'-ion. Furthet/)bs6rv8tiona 
jre for the mean value of the ionizatioil constant, Ni=o4l6304, or Nj=3 04 X10“' 
118°, according to i ll^iker and W. ConAaok; 3'34 X lO"' a*t 12-5° and 3-76 x 10“' 
118°, 8«!ording toF. IV, Knox; »nd 2-24x10-' at 0°, 312x 10-',at 18°, and 3-60 
<10-'at25°,nccordingtoJ.Ktodall. TheheatoIionization,H 2 C 03 aq^H'+HC 03 ', 
:ken.b^ J. Kendall was 0°-25°, -2-89 Gala.; 0°-18°, -2-91 Cals,; and 18°-26°, 
-2-83 Cals.; E. W- B- Pfeiffer gave —7 85 C^. at 0°-12-5°; and F. W. Knox, 
-348 Cals, at 12-5°-^tf. The ionization ccMktant furqjshes a ready means of 
omparing the ^ Thus, at 18°,° 


Acetic 

acid. 

•l*8xl0-» 


The percen^ge 
ire: 


iSnN-soln. 

XN‘69\n. 


^ar^nlc 

Hydroaulphuric • 

Hydrocyanic 

Boric 

aoiii. 

acid. 

acid. 

add. 

,3*0 X IQ-’ 

9-0 XlO-* « 

l*3xl0-» 

• 

, 6 - 8 x 10 -“ 

of ionization, 

or the percentage a,mount^f the a«id ionized, 

* • 

• 


• * 

CH 5 .COOH 

n,co, • H,s 

n,Bo, 

• HCy 

. 4*2 

•0-774 0-42 

0 042* 

0 036 

. 1-3 

. O-260 0-13 

0019 

♦oou 


• 

• 
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E. Pfeiffer, A. Lielien, J. Walker, ete., raiaed tlie question : /« the carbon dioxide in 
aq. soln. present as carbonic acid, or is part Resent as carbsnic acid, and part present as free 
(or Kydraied) car6o» dioxide ? Let a denote the number of mols of unchanged carbon 
dioxide ; 6, the number of mols of non-ionized carbonic acid ; and a, the niiml^r of mols 
of ionized carbonic acid. Then a+f>+a=: !• From the mass law, assuming that there is 
equilibrium between the free carbon dioxide in scJln. and the carbonic acid, a/o=fc6/v, 
where k is constant; hence, b~ajk. Substitute this value of 6 in the first equation, and 
alk~{\~a)/{l+k); or 6—(1 —a)/(l-|-A-). The equilibrium condition Between ionized and 
non-ionized carbonic acid gives (a/t?)*=Kj(6/v), and on substituting for h it follows that 
a*/(I—a)f- k is constant, and hence a^j{l—a)v = K. The constancy of 
a*/( 1 — a)v thus furnishes no evidence as to the proportion of the carbon dioxide in aq. soln. 
present as carbonic acid, for the same relation is obtained whatever be the proportion. 


The complete ionization of carbonic acid H 2 C 03 ^ 2 H' H-COs" proceeds in two 
stages : H 2 C 03 ;=iH‘+HC 03 ^ for which the ionization constant has just been shown 
be Ki=|Sxl 0 ~“. The second stage is represented by-HCO 3 '—H'-fC 03 ", 
[H’][C 03 ''J=.K’ 2 iPIC 03 ']. From J. Shields’ observations the hydrolysis of aq. 
soln. of sodium ^arbonate, and F. Kohlrausch find A. fleydweiller’s value for the 
ionization constant of water, G. Bodlandcr calculated f¥>r ionization constant of 
the secont^hydrogen ionAr2=l*295=10~i*. Hence, is 23,000 time* as great as 

H. Menzel gave A 2 = 6 ‘ 2 x 10"^^ at 18®. By combining Ki and Ao, it follows that 
H 2 C 03 +C 0 s"= 2 HC 03 '; and [HC 03 '] 2 /lH 2 C 03 lC 03 "]=K,/K 2 ; and Kj/K 2 =K 3 - 
H? N. McCoy found K 3 at 25 ° to be 5300. More exact values for the second ion¬ 
ization constant were determined by Auerbach and H. Pick, and E. BjR. Prideanx, 
and thej find K 2 = 6 x IQ-i'. This subject has been discussed in connection with 
the hydrolysis of the carbonates and hydrocarbonates of the alkalies and alkaline 
earth metals {q.v.). A. Thiel and R. Stroheoker represent the degree of ionization 
tn tSrms «f the carbonic acid actually formed rather than in terms of the amount of 
carbon dioxide dissolved. They estimate that in a 0 00812 molar s»In. of this gas 
at 4°, only 0'67 per cent, is present as carbonic acid. Making allowance far this,, 
the ionization constant of the first hydrogen-ion is 5 x 10 -<. L. J. Rpuderson has 
discussed the function of carbonic acid in preserving a neutral reaction in natural 
waters, and thus maintaining the characteristic (;|iemical inactivity of water. 
0. Hahnel found Jhat at a press, of 52 atm., and at 15°, the strength of carbonic 
acid is of the same^order as formic acid. R. Strohccker made observations on this 
subject and found that the ionization constant is 44x10““, making theicid behave 
fike a hydroxyformic »cid; D. H. Jacksqp and J. B.McDerpiet, on the effect of 
the«de-aeratio> of natural‘watprs on the carbonate equilibrium; and I. N. Kugel- 
mass and A. T. Schohl, on the effect of the equilibrium on the physiology of bone 
calcifiCatiqp. * 
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E. Wilkft flowed that the* conductivity Hicreasfes with time, posailly owing to 
disturbances produced ty the current;,the ionization constant thus appeared to 
increase from 3 07 X l(^Uo 4 5 X ICr^ in^ hrs. Light act^similarly. The hydrogen, 
ion cone, in the^ presence of alkali chlorides fuakies the carbonic acid appear like a 
strongs acid, but the H -ion cone, increases more rapiflly than the ccinc. of the acid. 
This is explained by assumit^ that the aq. soln. of carbon dioxide contains soSie 
orthocarbonic acid, H 4 CO 4 , which, containing no ketonic oxygen, is a very weak' 
acid; bvt Bi cone, salt 8 *ln. it is dAlydratedt forming metacarbonic acid* COlOHjj, 
which behaves like a strong acid. E. P. Metcalfe studied the ioni^.jtion of the gas. ^ 

According to E. Royer, and A. Coehn and S. ^ahjj|, carbon dioxide irfr^duoed 
electrolyticaliy in aq. soln. of Sodium hydrocarbonate, or better, potassium ^Iphate, 
but not iiigSodium carbonate or acid soln. With most cathodes, reduction takes 
place to a small extent; with a cathode of zinc, freshly coated with zinc from a 
potassium^inc cyaaide ba^h, a 50 per cent, yield of formic acid is obtained. Repeated 
use of an smalgamatcd zinc cathodb result at first ki'increased yields (up tp 82 per 
cent.), but the cathode suddenly lofes its activity. Amalgamated copper cathodes 
give constant yujds (45 to 50 per cent.) on repeated use. After prolonged electro¬ 
lysis of carjion dioxide in potassium sulphate soln., comparison of the aciaity of the 
mixed cathode and anode sofn. with the potassium permanganate titre shows the 
reduction to result in the formation of fornjic acid with little or no formaldehyde. 
Formic acid can also be obtained by electrolysis of an aq. soln. of carbon dioxide. 
R. Ehrenfeld electrolyzed, for 12 hrs. at ordinary temp., a soln. of commercial ammo¬ 
nium carbonate in one part of aq..ammonia, sp. gr. 0'910, and four parts of water 
contained in cells with the anode and cathode (platinum foil) separated by a porous 
partition. Ammofiium formate was produced at the cathode when this consisted of 
amalgamated zinc and when a difference of potential of 5-10 volts and a current 
density of 0'01-0'08 amp. were employed. No formate could be detected (a) when 
iron, platinum, copper, lead, or nickel cathodes were used, ( 6 ) when the current 
density was less than O’Ol amp., nor (c) when the soln. was too dil, lor example, 
one-fifth the above cone. Soln. of sodium carbonate or of carbonate and 
hydroxide do not yield formates umler similar conditions. The formatioij is not due 
to the presence of carbamate in the commercial carbonate, but is attibuted tt ‘ 
the,presence of NH 4 C 03 ''-anions in the cone. soln. A. Bach has given n series of 
equations representing the different? stages of electrolysis, but thes^are quite imagi¬ 
nary, and, added W. Wb, Tack any experimental foundation. The reduction of 
carbonic acid tb carbon does itot occur in 'hny soln. of the carbonates, but F. Haber 
and S. Tolloczko found that’if barium chloride be fused with 5-20 per cent, of 
barium carbonate, icooled, i^nd electrolyzed at 550°-600° in a nickel crucible with a 
platinum cathode, carbon separates in a dendritic foi*n. The anodic oxidation'of 
carbonate sola, was found by E.* J. Oonstam and'A. von'Hanssen, G. Hostelet, and 
F. Salzer to furnish percarbonic acid {q.v.). The electrolysis of carbonate join, has 
ieen studied by P. Burckhard, H. Kolhe and R. Schmidt, C. Luckow, etc. 

The dielectric constant of liquid carbon dioxide was found bv F. Linde to be 
1’608 at - 6 °; 1-583 at 0°: 1-540 at 10°; and 1-526 at 15° for A=oc^ and* for' 
the gas at 15? and 39 atm. press., l OCO; at 19'9 atm. press., 1015; and at 9-4 
^tm. press., 1-009. Determinations were also n^de by L. Boltzmann, E. C. Fritfs, 
J. Klemcnic,. and, W. E. Ayrton and J. Perry. W. Herz found the dielectric 
constant at'10° to be 1-540; and at the critical temp. 1-27. H. Riegger gave 
1-001392 at —73°. Carbon dioxide was first stated by M. FaradayF. Zantedeschi, 
and J. Plflcker to be diamagnetic. R. Bernstein gave -|-0-(jQ02‘X KP-* for the 
magnetic snsceptibility in vol. units at atm. press, and 15°; G. Quincke gave at 
16°, and 1 itm. press. -(-0 017 x 10~* and at 10 atm. pre8S.,-|-0-12x 10“®. T. Son4 
gave.—0-423 X 10“® lor the sp. magnetic ausceptilfility, and —01781 x 10“® for the* 
vol. susceptibility at 0° end 760 mm. A. Glaser investigated the diamagnetisnl of 
this gas. D. N. Mallik studied the magnetic rotation of the electric discharge in 
carbon dioxide. F.,Weigt gave (O'UM ± 0-0017) x 10“'* for the e^tricfri moment 
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of carbon dioxide. W. M. Yoang measured the ioiTic mobility in tjig corona dis¬ 
charge ; and H, A. Erikson, and £[. C. ^rindley and A; If. Tyndall, the mobility 
of iijns in carbon di(ixide, . * , 

• • • 
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§ 36. The Solubility ot Carbon Dioxide 


J. Dalton,4 and W. Henry noted that water dissolves approximately its own 
vol. of carbon dioxide. F. M. Buamert also observed that at 3'2° and 760 mm. press., 
one vol. of water dissolves r5184 vol. of the gas, and at 19'6°, 0'864g vol» .W. B. and 
R. E. Rogers, R. Bunsen, 6. Geficken, E. Bauer, E. Fernet, G. Just,* F. Exner, 
J. H. Coste, K. Angstrom, B. Wiedemann, W. Kunerth, S. Gniewasz and A. Walfisz, 
N, de Khanikoff and V. Louguinine, W. Sander, C. Bohr and J. Book, L. W. Winkler, 
P. Rischbieth, etc., have made observations on the solubility of carbon jiioxide in 
irater. C. Bohr and J. Bc(?k gave for the solubility, S, expressed in grams of carbon 
dioxide in 100 grms. Of #ater, and'the absorption ooeff.y^: 

O’ ' 0° 10’ ■ 15’ 20’ 25’ 30’” 40’ 60* 60’ 

1-713 1-424 1-194 1-019 0-878 0-769 0-666 0-630 0-438 0-369 

. 0336 6-277 0-231 0-197 0-169 0-146 0-126 0-097 0 076 0 088 
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thus showin^thst at a^ed press,, the voh of gai atorbed by a 

with rise of temveratuf^ F. Henrich represent^ R. ® 1!®*' ' , , \rZ.p«ri 

fomula: Absor^on coeff., ^=l -7326 -0-066724«+0'0(»^^ 

and J. Pagliaid gave ^=15062 -0 036511dd-0(^2917«2. “d 

A. yrfgt measured ttfe distribution of carbon dioxTde between air an . , 

different temp. J. Dalton, and W. Henry showed that the amount of gas 

at a given temp, is roughly proportional to the pressure indicated 3^ r 
law (1. 40,'4). H. V. Segnault s^Jwed thht the relation i^ not strictly followed , 
and N. de Khanikoff and V. iouguiuine found that the amount® carbon dioxme 
dissolved is rather greater ^ftn corresponds withithj proportional rule, and tJiat 
the difference increase'd as the press, was augmented. S. von Wroblewsky/ibservcd 
that the coeff. of absorptionsincrcases less rapidly than the pres'i. and tends towards 
a limiting value. Thus, if S denotes the vol. of gas absorbed by one c.c. of water, 
he found that at tBe press p atm. 

P- 

0“ 

12-43“ 

W. Sander measured the Solubility of carbon dioxide in water between 20° and 
100°, and between 20 and 170 kgrms. per sq. cm.jjress. and found that at low temp, 
the results deviate from Henry’s law, but the accord is closer when the vol. of gas 
absorbed is referred to the vol. of'the soln. and not that of tlft solvent. The law is 
more nearly follixwed at higher temp., and at 100°, the solubility is proportional 
to the press, thus corresponding with Henry’s law. This is shown by the following 
selection, where 0 represents the vol. of gas (reduced to one kgrm. per sq. cm.) 
absorbed by one c.c. of the soln., and p, the press, in kgrms. per sq. cm,: 
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The data are plotted in F^. 51. W.*P. Heath, C. 6. Anthony, and IV. A, Riley 

have calculated tables of the solukilitics of carbon dioxide in water at different temp. 

and press. 0. Haehnel also measured the 
effect of preso. on the solubility of carbon 
dioxide. * C. Ze'rbe tried unsuccessfully to 
remove 10 per cent, of carbon dioxide from 
a mixture containing carbon monoxide and 
hydrogen by scrubbing the gas with yater 
at 150 atm. press. Excessive amounts of 
other gases were dissolved. 

Accotding to S. von Wroblewsky, there 
„ , is a close relation between the solubility of 

Fio. 61.— Effect of Tem^ature and dioxide in water and the surface 

Pressure on the Solubihty of Carbon . j ii. i i r i i 

Dioxide in Water. * tension, <r, of the soln. at press, from 1 to 

' 30 atm.' The product oithe surface tension 

and the press., p, is proportional to the coeff. of s4turation,'S, so that ap—KS, 
where A is a coeff. which increases with temp. The variation in the surface- 
tension is independent of'the press.,"and defends jnly dn the amount of gas 
dissolved in the superficial layer of the liquid. The solubility of Marbon diSxide 
in water increases less rapidly than the press., and tends towards a limjjt which 
is apparently reached when the qarbon dioxide liquefies, sinSe the* liquid does 



« * 





9 


'X 











35* 












JO^ 

M -A 

9 4 

9 9 

0 K 

10 a, 

t M 

fO ft 

V eo 






, pimov 4 » 

not mix wM watei. The dinSmttioB of the suifece^tension also decreases aa 
the press' rises, and tends towards a Umit which, at |°, is reacW when the 
press, is sufficient to^ liquefy the carbon dioxide. At this pflint the surface-tension 
•of fhe ujpter is reduced “by one-half. W. A. Patrick represented the solubilities 
s of a number of gases in water fiy.the formula where 3 is the 

va], qf liquefied gas dissolred per gram of water (t.e. tjie weight of the gas dissolved 
»^p»r gram Sividffli by the sp. gr. of the lique^ed gas at that temp.); pa is the 
.:;td>pour 'passs., and o'tbe surface teision ofithe liquehpd gas at thai,temp. of 
‘fteasurement; ^ is tJe Ijuilibrium gas press, f and R and n are specific constants. 
•B. S. fJeuhausen found the results satisfactory when .ff=0’006, and n—f=0'33. 
,111. TMorier, J. K. Mitchell*L. r. Cailletet, and B. Sfihwalbe found that liquid and 
solid carbon dioxide do not mix readily with water. ^ little liquid carbon dioxide 
’dissolves when it is shaken with water, and the excess of the former floats on the 
surface of thp water. According4o H. Landolt, solid cajbon dioxide sinks in water 
althou^ a little may be floaty by the rising of bubbles of gas without being wetted 
by the water. • * 

K. Angstrom found the specific gravity of water after it has qb8orbe(^ an equal 
vol. of can)on dioxide at 0° and 760 ibih. is 100054, and unit vol»becor|C8 1’00126. 
B. L. Nichols and oo-workers found that the temp. *of maximum density, and the 
frecting point of water are lowered by dissolved carbon dioxide. They found the 
following expansions to attend the absorption of carbon dioxide ; 

2” e” 1“ 12" 16" IS" 22" S2" 

Expansion . 0 002144 0 001726 0 001670 0 001540 ^1001378 0 001280 0 001210 O OOIOIO 

showing that the expansion is directly proportional to the amount of gas absorbed. 
6 , A. Hagemann made an estimate of the energy which attends the association of 
carbon dioxide and water. A. BlUmcke said that the compressed carbon dioxide 
in water behaves as if it were a liquid, not a gas. 

The rate of evolution of a gas from a liquid, expressed in terms of the number 
of c.c. of gas at 0° and 760 ram., given off per minute per sq. cm. of surface, was 
called by C. Bohr, the evasion coefficient, and the converse process, the rate of 
, qbsorptioi^’was called the invasion coeffiicient.' J. Hurtur mcs8ure.d the rate of 
absorption of carbon dioxide by calcium oxide. J. ,h. Hoed studied the absorption 
of carbon dioxide by aq. soln. of potassium hydroxide ;• P. Kiou, by soln. of potas¬ 
sium and sodiuiR carbonates, and ammoniacal soln. ;*J. JJeyer, and W. A. Roth, 
the rates of evolution and absorption oi carbon dioxide by water* W. F. Knox 
found thaJ the rate of evolution of carbon dioxide from its aq. soln. follows approxi¬ 
mately a logarithmic rule, and E. P. Perman made some observatjons on this subject. 
T. Carlson found the rate of absorption of carbon dioxid^ by water at rest is 
dependent on the rate of diflusio* of the gas into4he bulk of the liquid from the 
sat. surface, so that if C be the coric. of the gas dissolved at the time (, and S the 
cone, of the sat. soln., the velocity of absorption, dCjdt, is 

where K is a constant dependent on the diffusion coeff., and the thickness « of the 
saturation layer; if the Hquid bestirred with a paddle making n revplutions pet* 
minute, then K—K'niDa, where K' is a constant dependent bn the apparatus 
employed. A. Findlay and 6. King found that the rate of evolution of carbon 
dionde from s(^ of that gas is fastest with soln.* hs'ring the smallest surface 
tension; but A. Pmdlay an(l,0. B. Howell found that in file presence of colloids th«. 
relationship is in the converse direction, and hence they inferred thaf “ it is not* 
the surface tension of Jffie soln. jyhich dejermines the,rate of^escape of a gas, but 
rat|)er the internal press, of the liquid.” A. Sieverto and 4. Fritzsche, B. M, Baker, 
R- V. Williamson and J. H. Mathews, and P. G, Ledig and E. R. Weaver measured 
the rs4e of absorption of carbon dioxide by water and alkaline soln. 

VOL. vi 
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r , , * mnrPTpadikfnfiassoln. than in aifV other case. 

found that certain mineral waters-e.j. that from Contursi m Salerm^ratem 
a larger amount of carbon dioxide in soln. fian corresponds witn ® j ? 
the gaik Ordinary seltzer water drawn from a sipb^, and aiioweu to stand naif 
an Aour, contains ]*90i vo/s. of carbon dioxide under conditions where idle 8olp‘ 

* bi/ity of the gas would be represented by 1289 vols. Hence a sat. 5q. gom. of 
carbon dioxfde under pjess,, left fcr some .time under ordinary press.^ contains 
a larger quantity of gas than water simply sat. with till gfes at^rdinary press. 
Aq. solh. of carbon dioxide areyery readily supersaturated. J. M^hl studiad the 
supersaturation of alcohol anch water by carbon diolid<^ • 

Some observations on the subject were made at the beginning of tha nineteenth 
century by J. J. Winter!* and H. C. Oersted ; and there has been some discussion 
by D. Gerifcz, G. vm der Mensbrugghe, C. F. Henjici, C. F. Schonbein, H. Schroder, 

0. Tomlinioiv K. Fricke Jnd C. ifchmann, F. B. Jf«nrick and co-workers, Lord 
Rayleigh, etrt, on the formation of gas bubbles in supersaturated soln. of g&s. 

• • 

W. Oslteald haf sliown that the fiupersaturatimi^)/ a liquid by gas ocatrs if theipresmre be 
reduced and nur/ii are absent.^ 'J'he study of surface-energy (i. 1.3, 22) shows that super- 
saturation niAiBt take^lace if gas nuclei are absent. Since the siu*faoo tension of a liquid 
tends to diminish the surface, tlnre must be a neater press, in the interior of a spherical 
bubble than at a plane surface under the same circumstances, and the theory of capillarity 
gives for this the equation p~2ylr, where p is the press., 7 the surface tension, and r the 
radius of the sphere. If, therefore, a bubble of gas is formed spontaneously, it will be under 
a far greater press, than corresponds to saturation under the given conditions. It appears 
from this that a bubble could not be formed spontoneously at all. For, as at the first 
instant the bubble ftiust be infinitely small, the press., according to the equation, must 
be infinitely great. The spontaneous formation of bubbles shows that the assumption that 
the properties of a liquid remain the same up to infinitely small dimensions, is incorrect. 

If the limit for the ordinary properties of liquids is put at 10-* cm., the press, in a bubble 
of this radius in water at room temp, is calculated to be 16,000 atm. Apparently nothing 
like this degree of supersaturation is necessary to cause spontaneous evolution of gas. 

To remove the supersaturation, the soln. can be brought into an atm. ot the gas at 
a reduced press, or of another gas ih which the partial press, of the dissolved gas is 
zero. The addition of parous powders which enclose large surfaces witfi adsorbed 
air acts similarly; violent shaking acts by spreading numerous air-bnbb!es through 
the liquid; and boiling Jl|e solvent acts by introducing bubbles of vigour throughout 
the liquid. Each bubble of gas acts as « nucleus facilitating the formation of a 
new phase ; the action of each bubble is local, and when it has risen to Jhc surface 
and escaped from Die liquid, no m*ore bubbles arc spontaneously evolved. Hence, 
a supersaturated soln^of a ^ expels the nuclei which are necessary to relieve super- 
saturation., Many aerated bevarages are charged witl carbon dioxide at about 4 
atm. press., and when the first effervescence winch attends the pouring is over, small 
.hubbies develop ^at the places where the glass has been scratched and some air has 
been imprisoned. This is illustrated by the fact that if a “ sparkling ” liquid be 
poured into a wetted glass vessel, it appears “ flat ”; and the introdnetioa of 
powdered sugaf or a roughened surface restarts the evolution of gas. 

, W. JHempel and J. Seidel 2 noticed that carbon dioxide unites with water when 
under 43 afnj. press., forming a compound whiA melts at 8°, and decomposes at 
—2° under atm. {Iress. A few hydrates ot carbon dioxide have been reported. 

E, Bunsen computed that the water and carbon dioxide adsorbed by moist glass- 
wool are related as CO,: H20=2:1, and he suggested that under the^influence of the 
.capillary press., it is possible that hmikydraled carbon d^xide is formed: COj.JHjO. 
According to 8. von Wroblewsky, when an excess of carbon dioxide at 0“ and 45 
atm. press, is allowe(| to staqd in contact with water, somefof the gas liquefies, and 
two liquids appear—thf lower liquid is water with mere or less carbon diojide 
in soln., and the upper liquid is carbon dioxide. If the press, be sfowly released, 
the liquid carbon dioxide slowly vaporizes, but if rapidly decreased to 12'3 atm., 
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a solid collects on the walls of'the containing vessel. Eg infers that this solid is 
a hydrate which decomposes at pi^. less than ' ^ 

• Tressure . *. •. 12-3 16-7 17'9 21-8 23'S •26-1 atm. 

Temperature . • , ®°* ® ®‘®°, 

Savo® Wroblewsky’s, and W. Hempel and J. Seidel’s ^lyses correspond with octo- 
i%hydr(Ue4 carbon dioxide, CO 2 . 8 H 2 O; but P. ^Hard’s analyses correspond with 
hexahydrattd carbon diox^e, CO 2 . 6 H 2 O. P. Viflard said j;hat combinlti^n occurs 
under simple p^., a\id the hydrate does not decompose below 0 ” under ordinary 
•press, njwept in the presence of Jiquid water. M. Ballo made some observations on 
this subject. W. Hempel Ind J. Seidel also sealed^ weighed quantity of water 
and solid carbon dioxide in a tube; at ordinary temp.„the liquid formed two layers,, 
the water underneath ; on cooling the tube slowly, crystSls formed ; these began 
to melt at aljout 8 °. The tube was then cooled to —79°. opened, furnished with a 
delivery tube dipping under Hercury, and theft allowed to rise in tenspcrature; 
carbon dioxide was evolved furiously at first, but ceased to come off 8 t —25° ; at 
— 2 °, the evolution of gas again comine’nced, and the volume that jame ofj between 
this temperature and 20 ° correspon'did with the octohydrate »or en^eahydralcd 
carbon dioxide, CO 2 . 9 H 2 O. P. Villard found that the Crystals are hexagonal prisms, 
and when deposited from aq. soln., the crystals are acicular like Those of ammonium 
chloride. S. von Wroblewsky said thal the density of the hydrate is greater than 
that of water sat. with carbon dioxide. P. Villard gave 14'9 Cals, for the heat of 
iformation of the hexahydrate, and he gave for thf, dissociation press., p, 

-r 0" 0 48“ 2-7“ S'O” r, 3" S I" S'S” lO'O" 

p ... . «-5 I2'2 12-7 lB-7 17-9 21-8 2,3-’j 28-1 44-3atm. 

jlhe fact that the relative proportion of water and carbon dioxide has no influence 
[On the dissociation press, is taken to indicate that only one hydrate is formed. 
;The subject was discussed by H. W. B. Roozeboom. P. Villard’s crystals had no 
action on polarized light. 

When carbon dioxide dissolves in water it furnishes a soln. with the properties 
,o{ a weak q<Sd. How does the formation of carEonio acid affect the application of 
the law of [jprtial press, (1. 10, 5) ? The rule that at any given temp, the amount 
of, say, carbon dioxide absorbed from the atm. by*water, is the product of the amount 
I dissolved under 7o0 mm. press, of carbon dioxide alone,"by tt|c partial press, of that 
: gas in air.^olds good in spite of the chesnical reaction C 02 +H 20 *H 2 C 03 . Let 
; the chemical symbols in brackets denote the conc^ of Oiie compound, then, from the 
law of mass action: [C 02 ][H 20 ]=Aj[H 2 C 03 ], but the cone, of th(^water is so greatly 
in excess that its cone, can ajso bo regarded as a constant, /(^, and if KjjK^^K, 
then [C 02 ]=A[H 2 C 03 ], meaning ^bat the cone, of the carbonic acid,»H 2 ( 103 , is 
proportional to the amount of carbon dioxide dissolved, and this in turn is proper 
tional to the partial press, of the gas. , 

From the law of partial press., and C. Bohr and J. Bock’s data ,8 it follows that a 
litre bf water should dissolve from air containing 0'03 per cent, of carbon dioxide : 

0" 5" 10° 16" 20" • 25* 30° 

Carbon dioxide . 0'614 0-4e7 0'3S8 0-308 0-264 0-228 0-»9 c.o. • 

Natural waters, however, usually contain alkali or alkaline earth cSrbonates in soln. 
as hydrocarbonates, which give up their carbon dioxidejon boiling. F. M. Baumert’s 
and R M. Peligot’s^nalyses of the gases in rain-water sho^ respectively P8 and 2'4 
per cent, of carbon* dioxide «t orinary temp. The data correspond with those 
required for air With 0-03 per cent, of carbon dioxide. K. Bnnsen found id the gases 
of rain-water 2-92 per cent, carbomdioxide ®t 0° ; 2-68 ®t 5°; ^-46 at 10° ; 2-26 at 
16° ;»and 2-14 at 20°. H. McLeod’s and E. Frankland’sanalj'ses gave 6-2 per cent, 
of carbon dioxide, and corresponded with an atm. with 01 per cent, of that gas. 

E. Fraifklaud’s analyses of the gases from a Cumberland mountain stream gave 
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0'281 per cenfc of carbojitdiolide, and those from'the wateT of the f hemes g&ve 
4'021 per cent, and B, leicherts’ snaiTsis of tig Jena water supply gare 2’47 per 
cent, of carbqp dioxide* The variable proportions here coiyesp(jnd with the pre^nce 
of variable amounts of hydrocarbonates in, thgfie natural waters. C. j. J. Fox 
found ftetween 1 and 7 parts of carbon dioxide per 10,OW parts of sea-waier; and that v 
the total alkalinity varies, byt for the open ocean it is eq. to about ^ ntgrm.soi 
OH per litre at 12°. The ratio of tqfal carbon dioxide to total OH is linear, asd there* 
are no COs'Aions; all thp combinefl’carbon dioxide is in tte form of HGOs'-ions. 

C. ft. C. Bischof estimated that 60 per cent, of the total lolid^fc waters of the 
principal rivets of Europe is dissolved as calciun^ hydrocarbonate and delivered* 
into the sea. The oceSn is riht sat. with calcium hydrocarbonate; this, according 
to C. F. Tolman, is shown bjs the fact that (i) W. Dittmar found that except in one 
or two cases, lime was not deposited from the hundreds of samples of sea-water 
collected liy the CImllewfef, after they had been kept for many years ;,(ii) B. Willis 
found that sea-shells from the bottom of the Pacifice^ere much corroded; ^teropod 
shells and fofanjinifera tests are sloVly dissolved as they sink ; and pteropod shells 
are not fgund b(jJow 1600 fathoms, and globieorina ooze, not below 2800 fathoms ; 
(iii) J. Thqulet faund that sea-water will 3i&olve calcium carbonate from shells, 
corals, etc.; and (iy) J. Usiglio observed no precipitation occurred in the evapora¬ 
tion of sea-water until the sp. gr. rose from 1'02 to 1'0503, and the deposit then 
consisted largely of calcium carbonate and ferric oxide. The analyses of 0. Jacobsen, 

A. Hamberg, H. Tornoe, W. Dittmar, F. Natterer, and J. Y. Buchanan show that 
the amount of carbon dioxide in s*a-water is not usually sufficient to transform all 
the normal ealcium carbonate into hydrocarbonate; and that the largest part of 
the so-called tree harbon dioxide is present as hydrocarbonate in equilibrium with 
the carbon dioxide in soln. and in the air. According to J. Johnston and 
E. D. Williamson, the warm surface layers of the ocean are practically sat. with 
carbonates, which are subject to precipitation not only by fluctuations of temp, 
but also by fluctuations in the proportion of carbon dioxide in the atm. above. 
W. Dittmar found that between 18° and 21°, the dissociation press, of the hydro- 
carbonates in sea-water is 0'0005 qtm., and at temp, near 0° there is no dissociation 
at all. Since the partial press, of the carbon dioxide in the atm. is about 0’0083« 
atig., it follows that th^ warmer portions of the ocean are constantly supplying 
carbon dioxide to the atm*, and tlie colder portions are constanj^y removing that 
gas. C. F. Tolman adAd: 

The increase in the ocean's capaoity for carbon dioxide at low temp, and the invasion 
of polar waters towards the equator both tend to rob the atm. of carbon dioxide, and this 
is unE^eoted by any fl’minisning partial press, of that gas. In the temperate waters, the 
eSects of igereasing cold and decreasing partial press, seem to be fairly evenly balanced, 
with a possible advantage for the diminishing partiill press., against which must he reckoned 
a decrease in the amount of these waters. In the eq-aatorial waters, the effect of the decreas- 
•ing press, exceedc that of falling temp., coimterbalanced by a large decrease in the amount 
of these waters. 

C. J. J. Fox concluded that for the open ocean it requires 17'6 times as mneh 
. carbos dioxide to raise the partial press, of tlgit gas as it does for the same vol. 
of air; or* if a quantity of carbon dioxide is poured into the air, as, for example, 
by volcanifl action, two-thirds will eventually be absorbed by the sea. The final 
equilibrium will not be attained, however, until either the insoluble carbonates on 
the sea-bottom or the cqrbon dioxide in the air have completely gone into soln. in 
the form pf HCO 3 '. The cone, of the free ions, HCOj,'and H ,* for ocean-water are 
calculated to be respectively fl-fldxlO"* and 1 - 6 x 10 -* (j) 2 - 6 x 10 -* gram-eq. pw 
litre; thus sea-wal^ has a slightly h^her cone, of H--i«n 8 than distilled wateV. 

S. PalitzBch found great constancy in the cone, of the’hydrogen ions in sea-water 
(excluding the Black Sea); the extreme variations were O-OrllJf to O-OsdSAf; and 
the cone, of the hydroxyl ions, O-O 522 V to O-O 56 AI. This is a sufficient oxcek to be 
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tenned faint alkalinity. The fatio between hydroMrbaaates and mbonic acid 
in sea-water is estimated by L. J, Henderson to be between W: 1 and 1000:1. 

H. M. Noad * obs«rve4that no considerable amount of carbon dioxide is absorbed 
by cone, ndphuric acid. W. B. and R. E. Rogers found one vol. of cone, sulphuric 
'^acid absprbs O’TB vol. of carbbn dioxide at 16°; and one v»l. of fuming sulphuric 
atSd absorbs 1’25 vol. of the gas. They added that the carbon dioxide is not com- 
*pletely expelled by heaijng the acid soln. to 100°.« The solubilities of carbon dioxide 
in aq. solm of snlphijricsacid at 15°-25° hav^^been determined by A. Christoff, 
C. Bohr, J. MajVud G. Geffcken; the last-named found for unit vol. of soln. with 
*24'62 |rfbs. of HjS 04 per litrc,*l‘018 vol. of gai were dissolved at 15° and 0‘794 
vol. at'^°; and with 196' 10 grins, of acid per litre,*0’828 ^ol. of gas at 16°, and 
0 667 vol. al 25°. The first-named found that at 20° the |olubility fell from 0'9674 
for water to 0'6521 with 35'82 jiet cent, acid, and then rosctoO'7191 for 61'62 per 
cent, acid, and to 0 9924 for 95'6 jlhr cent. acid. A. Hant^ch and A. Vagf measured 
the distlibution of carbon dioidde between air and dil. sulphuric acid ad different 
temp. G. Geffcken found for hydrochi^ic acid Vith 18 23 and 72’'^2 Jrms. of acid 
per litre, |;)ie respective solubilities 1 043 and 1000 at 15°, and 0'fi06 amk 0‘795 at 
25°; for nitric add with 31'52 and 'l2610 grms. of acid per Hire, this respective 
solubilities 1-078 and I'100 at 15°, and 0 840 and O'dff at 25°., F. L. Usher found 
a JJV-soln. of acelic acid had an absorption coeff. of 0*669. G. Just found that one 
c.c. of glacial acetic acid dissolved 5-614 c.c. of gas at 15° ; 5'129 c.c. at 20° ; and 
4-679 c.c. at 25° ; acetic anhydride, 6128 (15°), 5-720 (20°), and 5-206 (25°); pro¬ 
pionic add, 4-787 (15°), 4-407 (20°), and 4 078 (26°); Indyric add, 4 084 (15°), 3 767 
(20°), and 3-478 (25°). W. Kunertb measured the solubility in acetic acid. 
J. Setschenoff found for soln. with 12 and 595 grms. of citric 'add per litre, the 
respective solubilities 1-007 and 0 719 c.c. of gas at 0° and 760 mm. per c.c. of sola. 

J. Setschenoff found that the solubility of carbon dioxide in dil. salt soln. follows 
the same law as if the salt be absent provided there be no chemical reactions between 
the gas, the salt, and the solvent; but with increasing proportions of salt, the 
solubility of the gas decreases, presumably because the attractive power between 
the solvent #nd the gas is partially satisfied by the salt mol. He divides the salts 
•ifito two groups with respect to their behaviour towards carbon dioxide. In the 
one group, the salts are not affected by the gas— e.g. sodiufc chloride ; in the ojher 
group the salts seact with the gas— e.g. sodium'carboiiate, phosphate, the borates, 
citrates, and oxalates. In the first group, the solubility cfethe gas decreases with 
i ncreasing tone, of the soln,, and in the otner group the solubility of tBe gas increases 
with increasing cone, of the soln. . * 

- J. J. Mackenzie, A. Findlay and B. Shen, and J. Sotscheilbif measured tlie solubility of 
the gas in soln. of ammonium chluride^ The last-named gave for solfl. with 1 gnd 268 grms. 
of salt [ler litre solubilities respective)}* 1-006 and 0-770 c.c. at n.p.d. per c.c. bf sat. soln. 
at 16*2®; for soln. with 16-72 and 601*6 grms of lithium chloride per litre he obtained the 
respective solubilities 1*036 and 0*120 c.c. of tlio gas calculated at n.p.6. per c.c. of sat. soln.^ 
at 16-2°—other determinations were made by A. Christoff. The effect of sodium chloride on 
the salubilffy of carbon dioxide has been investigated byH.Muller,E. Fernet, J. J. Mackenzie, 

A. Christoff, and J. Setschenoff. The last-named found that with a soln. containing 12*9 
and 192 grms. of the salt per litre, the respective solubilities were p'978*and 0*466 o.c. 
of gas at n.p.(l. The effect of potaeeium chloride has been measured hy J. J. Maijkenzie, 

Q. Geffcken, A. Findlay, and H. J. M. Creighton, and A. Findlay and B. Shen, The last* 
named found for soln. with 18*4 and 74*6 grms. of salt per litre, the resptwtAS solubilities 
0-792 and 0-701 c.c. per c.c. of eat. soln. at 26°. The effect of rubidium chloride was measured 
by O. Geffcken. who found that with soln. containing 60'47^d 120*96 grms. of salt per litre 
the respective solub^ties were 0-989 and. 0-921 c.o. per c.c. of^t. soln. at 16°, and 0-769 
and 0-788 at 25°; and with sq)n. containing 84*17 gnns. of comum chloride per litre the 
respective solubilities were 1006 and 0-781 c.c. per o.c. of sat. soln. at 16° and 26°. 

I. J. Mackenzie found for ssln. with 4-385 and 16*793 per cent, of calcium chloride the respec¬ 
tive absorption coeff. 0-942 and 0-632 at 8° j *0*769 and 0*620 at 10*6°; 0*073 and (1*471 
at 28°; and 0-690 and 0-40(f at 30°; similarly, for soln. with 9;611 and 31194 per cent 
of strontium chloride, the absorption coeff. 0*779 and 0*286 at 8°; 0*663 and 0-246 at 16-6°; 
0-681 and 0*247 at 22° ; and 0*608 and 0-223 at 30° and lor soln. with 7-316 and 26*216 
per cent. tA%ariurri chloride, the respective absorption coeff. 0-969 and 0*496 at 8°; 0-744 ^ 
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j A.itio M.RO. A'Rfiaat 22° ■ and 0'66B and 0*316 at ^0°. J. Setschenoff 
mi pm. j.f.««« « 

respectively 0*775 and 6*221 c.c. of gas at n.p.^. per o.o. of Boln. at J6 J.. ine m^ioi 

C sivm oroide was investigated by A. ChiistofI, G. Geffckfti,and J. Setsch^on. Tnef 
* found for soln. with 83*9 and 603*1 gnus, of th^saitper litre the respective oolubjiitjes 
0*908 ind 0*679 c.c. of ^ at n.pJ. per c.c. of soln. at 16T°; and for soln. with 319*1 and 
967*3 grms. of potassium iodid^ per litro, tho respective solubilities 0*777 and 0*o0Q»c.ci'Of 
gas at n.p.9. per c.c. of soln. at 16*2“’. Measurements were also made by G. Geff<^en, and, 
A. Christoff. J. Setschenoff found fV^oln. with 233*3 and grms. of sodium chloraU 
per litre* the respective ^lubilities 0*^25 and (f*627 c.o. of gaetatp.p.^.per c.d. of soln. at 
15*2® -0 and for soln. with 326 and 978 grms. of potassium t/iiocyonote per^re, the respective 
solubilities 0*691 and 0*387 c.c. erf gas at n.p.^. per c.c. gf soln. at 16*2°. • • ’ 

The effect of ammonium sfHphate was measured by At Christoff, and J. Setschenoff j 
the latter found that with soln. containing 72*2 and 144*4 grms. of the salt^jfUtre, the 
respective solubilities wer^ 0*712 and 0*676 c.c. of gas at n.p.0. per c.c. of soln. at 16*2*’; 
and soln. with 14*2 and 284*4 grins, of sodium sulphate per litre dissolved respectively 
0*960 andt)‘234 c.c.*>f gas n.p.^. per c.c. of soln. ati6*2°. A. Christoff foimd that 76 c.c. 
of 0’66^«^nd .N-soln. of p(^8ium sMpkate dissolved r^pectively 0*1140 ana 0*1002 grms. 
of carbon diaxide at 16*6® and 760 ijim.; 76 c.c. of 0*66A^- and 2JV-8oln. of potassium 
hydrosulphate dissolved respectively 0*1020 and*0*1000 grm. of gas at and 760 mm.; 
and 75 esc. of 2ii.8oln. of cupric sulphate dissolved 0*0761 grm. of gas. J. Buchanan 
tested th% action of carbon dioxide on s^n*. of calcium sulphate. 'J. ^tschenoff, 
J. Y. Buchanan, and A. Christoff measured tho effect of magnesium sulphate and of zinc 
sulphate. The formir observed that soln. with 26*6 and 318 grms. of magnesium sulphate 
per litre dissolved respectively <f 901 and 0*188 s.c. of gas at n.p.^. per c.c. of soln. at 16*2°; 
and soln. with 38*3 and 460 grms. of zinc sulphate per litre dissolved respectively 0*903 
and 0*209 c.c. of gas at n.p.9. per c.c. of soln. at 15*2^ A.-Findlay and B. Shen found that 
at 26% soln. with 96*1 and 224*7 gi’ms. of hoxahydrated ammonium ferrous sulphate per 
litro dissolved respectively 0*641 an(f 0*460 c.c. of gas per c.c. of soln. A. Christoff found 
that at 15*6% 75 c.f. of a AT-soln of amnuyninm ferric sulphate dissolved at 0*0991 grm. of 
gas; and 76 c.c. of a A’-soln. of potassium aluminium sulphate dissolved 0*1054 grm. of gas. 

J. Setschenoff found that soln. with 2*8 and 810*4 grms. of ammonium nitrate, per litre 
dissolved respectively 1*013 and 0*612 c.c. of gas at n.p.O. per c.c. of soln. at 15*2 ; and 
soln. with 89*3 and 626*2 grms. of sodium nitrate per litre dissolved respectively 0*836 
and 0*244 c.c. of gas at n.p.0. per c.c. of soln. at 16*2'’. A. Christoff, G. Geffcken, and 
J. Setschenoff measured the effect of po^cw^ium nitrate ; the last-named found that soln. 
with 68*8 and 235*1 grms. of tho salt per litre dissolved respectively 0*969 and 0*781 c.c. 
of gas at n.p.0. per c.c. of soln. at 16*2 ; he also found that a soln. with 41 grmo. of calcium 
nitrate per litre, and one with 62*7 ^ms. of 6anum nitrate per litre dissolved respectively 
0*923 and 0*922 c.c. of at n.p.^. i>er c.c. of soln. at 16•2^ A. Christoff fdund that it' 
16*6°, 76 o.c. of a .A^-soln. of normal dodecaJiydrated sodium oithophosphtle dissolved 
0*6828 grm. of gas. J. S. 1?. Pagonltecher, J. J. Berzelius, J. von Li^ig, J. Setschenoff, 
R. L. Marchand, and K. J^iTjeid^hain and L. Meyer have studied the action of carbon dioxide 
on soln. of sodivm hydrophosphale. A. Christoff found that at 16*6” the solubility of carbon 
dioxide, in o.c. of gas per c.c.^ of a soln. of normal docahydrated sodium pSrophosphaie, 
is 0'8463 grm.; sodium metaphosphate, 0*0700 grm.; ^^-soln. of potassium dihydrophospkate, 
0*0860; iA'Soln. of potassium hydrophosphate, 0*4900 grm.; A^-soln. of potassium mela~ 
phosplMie, 0*1237; iV*/«>ln. oipotassium dihydroarsenate, 0*0812 grm.; |A^-soln. of potaasiunn 
hydroaraenqtoi 0*1110; iW-soIn. »of ammonium hyd^fomeAborate, (NH4)H{B020)2, 0*7672 
grm.; ^AT^soIn. of sodium metaborate, 0*8122 ; and 0*025^- and a sat soln. of borax dissolved 
respectively 0*2205 and 1*8286 gnns. of gas. 

' R. Bunsen S' measured the solubility of carbon dioxide in ahyl alcohol, and found 
the solubility to be about twice as great as it is in water; F. Henrich ripres^nted 
these results by the expression S—4'3294—0'09426W+0'Cl012354d2, where S 
denotes the 4ols,'of carbon dioxide dissolved by one vol. of alcohol. C. Bohr 
found'with 99 per cent, ethyl alcohol • 

e • -27° -20° -10° 0° 10° 20° 30° 40° 46° 

■S . . . 38-41 7-61 6-76 4-44 3-57 2-98 2-67 2-20 2 01 

whereSdenotes the number of c.c. of gas at 0° and 760 mm. which 1 c.c. of the liquid 
dissolves at 760 mm. am? 9°. 0. Mttller found that ij water ia,ftiixed with alcohol, 
the absorption coeff. decreases until the mixture contains about 28 per cent, of 
alcohol; file solubility then increases, attaining the same,value with 45 per cent, 
alcdhol as it has for* wafer; "the solubility thereafter incseases rapidly until it atfains 
the same value as it has for water. Thus, at 20°, the data are: 

Alcohol, per cent. . 

Absorption coeff. 


1*07 22-76 

0-861 *0-841 


28-46 

0-792 


31-17 

0*801 


42*16, 

0-877 


711 
1 - 2 # 


»9-7 

2719 
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0. Lubarsch obtained similar rmlta. W. Kunerth also*]|iea8ured tbe solubility in 
ethyl alcohol. B. Schwalbe said that liquid carbon dioxide (JissolTes in alcohol, and 
^L. r. Cailletef and*E. Qolardeau noted that the temp, then falls to —72° under 
atm. preSs., and to —100° in vacuo. According to W. Hempel and J. Seidel, when 
an. alcqhol is sat. with solief carbon dioxide a complex TTCOs.SCsHuOhfHsO is 
fOTm«d, and when liquid carbon dioxide is distilled into methyl, ethyl, tertiary 
* butyl, t>r amyl alcohol, and the excess of carbfn dioxide is allowed (jp evaporate, 
the correspondmg allfylearbonates aft formed; with prapyl alcohol, the mixture 
^ separates into Aro Uquid layers. E. H. Blichner also studied the action of liquid 
carbon dioxide on n-propyl altohol. J. Zeleny anl^R. H. Smith found that the 
addition of alcohol made very little difierence to the vap.* press, of solid carbon 
dioxide. A. Findlay and B. Shen, 0. Stern, and W. Sapder measured the effect 
of temp, and press, on a number of organic liquids. The first-named fojnd for the 
solubility, S^c.o. of carbon djpxido per c.c. of Ijquid at £5°, adp mm. press., with 
aq. alcnhol sp. gr. 0'9931 (2 99 grms. per 300 c.c.), and sp. gr. 0'98S f8'83 grms. 
per 100 c.c.): , , 

. _ Sli. Sr ^ O-SOSl , , Sp. sr.^ OSSl « _ 

p . 737 830 1073 1338 747 • 942 *1090 * 1360 

S. . 0-812 0-813 0-811 0-811 0786 0-784 0-785 0-788 

• 

A. Findlay and B. Slion found the solubility of carbon dioxide in wort containing 
13 grms. of solids i>er 100 c.c. to be less than iu water ; and in beer to bo less than in a 
mixture of alcohol and water containing the same proportion of alcohol as that of the beer. 
The solubility of carbon dioxide in beer has been investigated by T. Laifger, and 0. Mohr. 
C. Just found the solubilities of carbon dioxide in methyl (ilcohol to be 4’600 (15°)> 4*206 
(20®), and 3*837 (25®) c.c. of gas per c.c. of liquid ; in 97 per cent, ethyl akohoU 3*130 (16®), 
2*923 (20°), and 2*700 (25°) ; in propyl alcohol, 2*498 (25"). F. L. Usher gave 0*868 c.c. 
for the solubility of carbon dioxide in a lAT-soln. of n-propyl alcohol. W. Kunerth measured 
the solubilities in methyl, and amyl alcohols. Q. Ju.st found for iaobutyl alcohol, 2*088 
(15°). 1*904 (20®), and 1*849 (25°) ; in amyl alcohol, 2*058 (15°), 1*941 (20°), and 1*831 (25°) ; 
inethyl (ic^.tale, 6*494 (25°) ; iaobxtiyl acetate, 4*908 (20°), and 4*691 (26°) ; amyl acetate, 
4*860 (15 ), 4*411 (20°), and 4*119 (25°) ; and for amyl formate, 4*646 (16°), 4*329 (20°), 
and 4*026 (26°). O. Stern represented his results with methyl alcoliol, ethyl alcohol, acetone, 
methyl acetat^., and ethyl acetate at -59° and — 78°*in terms of K c.c. of carbon dioxide 
« Kjdiiced to*0" absorbed by a gram of liquid at the given press., p , hence the absorption 
coef!. is KIL where D is the sp. gr. of the liquid at the given ttjmp. The following values 
of K were emtained at — 69°: • • • 


Sp, gr., D , 

• 


Methyl 

alcohol. 

. 0*866 

Ethyl 

alcohol. 

10*856 

Are^tio.S, 

0*879 

Methyl 

acetate. 

1-039 

Ethyl 

acetate. 

0-994 


100 mm. 



. 63*0 

40*86 

9f*8 

94-30 

85-3 

P 

200 mm. 



. 64*2 

41*00 

• 101*2 

98-48 

80-3 

400 mm. 



. 66*3 

42*35 

106*6* 

lOj-60 

91-6 


700 mm. 



.• 690 

44 16 

118*8 

<12-90 

101-6 


• • * a 

W. Kunerth measured the solubility irfamyl acetate. W. Sander expressed hw results for 
ethyl alcohol, propyl olcohol, ethyl ether, ethyl acetate, benzene, chlorobenzene, nitrobenzene, 
and toluene at 20°, 36°, 60°, and 100° in terms of the number of c.c.,of carbon dioxide 
(reduced to one kgrm. per sq. cm.) dissolved by one c.c. of sat. soln. at the given temp. 
and«press« 

Temperature, 20°. 


P 

Ethyl 

alcohol. 

Propyl 

alcoliol. 

Ethyl 

ether. 

Ethyl 

agetate. 

Benzene. 

Chloro¬ 

benzene. 

Broiso- 

benzenc. 

• Nltro- 
benzene. 

Toluene. 

• • 

20 

— 

66-16 

— 

— 

71*16 

62*61 

60*83 

6712 

67-91 

30 

104*8 

86-62 

— 

188-2 

126-3 

05*22 

82*23 

W-60 

103-3 

40 

149*7 

122-10 

— 

227-9 

192*4 

137-3 

121-1 

115*9 

166-9 

60 

188*8 

174-60 

— 

— 

264*3 

18?*6 

160*0 

155*9 

236-8 



• • 

• 

• 

Temperature, 100® 

• 




30 

— 

— 

— 

— 

— 

33*65 

30*66 

41*09 

28*68 

• 40 

— 

26*6 .* 

— 

80-7 

46-52 

48*16 

41-49 

50-36 

49-26 

60 

66*06 

74*6 

101*0 

*132-0 

•91-27 

77124 

72*64 

70-86 

«6'98 

90 

111-2 

107*7 

142*8 

162-3 

166-8 

103*0 

• 92-86 

86-86 

117-6 

100 

146*7 

144-7 

176*4 

191-6 

212-9 

121-6 

118-0 

— 

149-0 

120 • 

174-6 

176-4 

— 

— 

268-2 

140-7 

140-7 

— 

171-8 

130 

189-6 

— 

— 

. — 

— ♦ 

146*8 

— 

— 

178-2 < 
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Henry's law is not gen|mlly applicable at low temp., but in mos^caaes at 100^ the 
solubility is proportional tJ the press, for solvents re]pt^ chemically, e.g. benzene, ohioro* 
beazeoe,and bromobenzdbe, snd the solubility decreases with increasii^moUwt. B. 8. Neii* 
hausen found t!he constants of W. A. Patrick’s formula — vide sUprch-for methyl and elhyl ^ 
alcoholsare respectively if=0 0126 and O'OIOSjnnd^Ji'^^O'OTand 0-065. 31ie Wues for 
cone. C\ and press.,•p, of ethyl alcohol, ethyl acetare, and benzene are plotted in ' 
Figs. 62 to 64. A. Christoff f(jund the solubility of carbon dioxide in one p.o. of* ethjr- 
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IS. 62 to^4.—S«lut)ility of Carbon Dioxide in fitliyl Alcohol, Ethyl Acetate,‘Xoluene. 

1? u‘T“ ^ tetrachloride, ond of 

of carbon dienlphid^ K. An)?str6m gave for the dilation coefl. of soln. 

o'ons^ T^Tr ■" "'■’’y* “’eehe'. O'OOISS; and in ether, 

dSs in ether hi IT ’ Vi? “l”'* 

Ter X teT tnl, V °"n • “• *‘th eolW carbon dioxide and 

P ViilT ^7 r w P'“”; ‘ P- C*”"*®* E' Colardean, -77“; 

fn/p a I, lu ' ^ Regnault, -78-20'*; A. Loir and C. Drion -81®* 

Tp “T; Faraday obtained -103”; L P. Cail- 

letet and E. Colardean, -103"; and B. Schwalbe, -110°. L. Bleekrodo made some 

ofTrfT'ri.”'* G. Baumo and F. L. Perrot measured the f.p. of mixtures 

of «(*er or methyl alcohol and carbon dioxide. According to W^Hempel and 
V “I- eolid carbon dioxWeTZ eom 

pMition of the solid vanes with the temp, of formation; at a low temp, little eli than 

ttoTmTTforn T“‘' 7 7n.™i ““eases with 

tn© temp, of formation ; at -50 , the composition is C0j.(CaH.),0.4H,0 * W Sander 

*“*• “'■bon dioxide In ethe’rand‘of efc tpoT ' 

kwTn 7 ’ P" tb® neigbbourhood of the critical pd!nt, Henry’s 

boT.iA of a “l’P™*.'®®tely^vBlid. G. Just found the solubility in o.t. of ™ pe7cT*of 

X’(16") 37 T 5 (25“); rtt& cAfondc! 
2*1K7 /©fio/’ . 17 ^ / j ’ edtylene brormde, 2-424 (16®), 2-2W (20®), and 

i^v/; 3-966 (45®), 3-681 (20®), and 3-430 (26®). W. KunerA meiu^ 

soIuWlT^o^^lTT’vf bromide, and in acetone. M. Woiikoloff found the 

solubility, S, of carlKm dioxidj m chloroform at 13" for different press., p mm.: 

£ ■ 367-84 479-59 %89-2 694-98 7fl©-ft 

8 . 0-20376 0-92016 1-4676 2 1166 *2-7860 3-39003 401633 4-43767 

to found the dilation coeff. 

2-603 (15®) 2-602 /20®) carbon dioxide in carbon tetrachloride, 

2 - 301 i propylene bromul.e, 2-686 (16®). 2-426,(20®), rand ‘ 

3 3?Lffi 3-106 (26^); amll chK 

yo«Pk ' j- and 2 910 26®); amyl bromide, 2-803 (16®). 2-638 120®) anrl 2 -XfiR 

LL in^Hr^nJeU^W a^pr^nSfy prp^r^ttTA'f^*;^' l“tT 

“ raquirad by Henry’s law. a Just gave for tbe'^solubilitv of 

^“(kTrtd T (25") i ni««,6en‘t.“T fs't 

• ' t7“ ^ found the dilation coeff, of soln of oibon 

TTr*”* bo (>■0(1200, and in nitrobenaene, (j00168. ft Just gave for the 

TOlubility of carbon dioxide m Mmbemtne, ^ SOl (16°), 2-420 (20°) and 2-2BS 

(“"), and 1-842 (26°) ^^^ZvuO T") 1 a7l‘(2U‘ 
“j ‘’■■'oWoo**. I'8d3 )26") J Urtzyl ckloridl, 2-180 (16°) '2-072 M°' 

^ (>*”)’ ^*26 (20°), and 2-306 (29»); btZmJt 3-304 ’ 

3- 057 m and 2-841 (26°); ««.■««, 1-631 (16°), 1-434 (20°), 1-324^*14 S 
meM^ the wlubihty m onilinej E. H. Biiehner, in iiphenylamine ; id W. Ktmerth 

, in anihne, and benialdehyde. G. Ju^ gave for the solubility of oibon dtoxid^ o! 
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toJiwdiM, 1-639 (15"), l-i73 (30°). snd 1381 (26°); m4oiMUl»hg 1-730 (16°7, 1-681 (20°), 
and 1-436 (26°) i pyridine, 4-291 (16°V 3-882 (20°), and 3-866 (263; “"o'- * 

2 690 (20°), and 2-498 425°); cutnol, 1 978 (16°). 1-879 (20°), 1-7® ,26); rvgenol, 1-762 
fl6°),'l-863J20°), and 1-639 (26°); carvene, 2 030 (16°), 1-921 (20°), 1-802 (26°); metaxyM, 
J M (16°),>216 (20°), and 2-090;26°)* and glyrerol, 0-0302 (26°). W. Kunerth m^ur^ 
Iho 0 olubi|jty in pyridine. A. von Hammel gave for the absorption coeff. of oarbon dioxide 
in Aixtares cqptaming iv grms. of glycerol per 100 grms. of epln. at 15°: 


S . •. . • 0 

26-11 

43-72 .,*62-14 

77-76 

90-74 

99-26 

AlMorptiou i^ff. ^ . • l'#08 

0-786 

• 0-639 , 0-611 

•0-430 

0-404 

• 0410 

Similarly fsr chlorllthydrate at 15° 

' • 




. 

w . . 17*7 * 

31*6 

38-3 49-8* 

67*1 

68-8 

79-4 

Absorption ooeff. . 0*885 

0*803 

0-781 0-760 

0-768 

• 

0-797 

0-903 


I. F. Homfray found solid p^azoxyphenctole does not absorb carbon dioxide ; absorption 
occurs when tl^ solid is first melted? and an isotropic liquid forii»tl; then a second 
increase in absorption occurs; niT(hthereafter the softibility decreases regularlyswith rise 
of temp. •A. Findlay and B. Shen also obtained valsee for chloml hydrate anrt sugar aolii. 
at 26“. F. L. Usher gave for soln. with 0*K5, 0*25, 0-60, and 100 mol oi Sucrose per litre, 
the respective absorption coeff. at 20°, O'S^O^O’SIH, ()'760, and 0’649 ; for *)bj. wit-h 0*5 mol 
of dextrose, 0*792; mannitol, 0*782; glycine, 0*843; pyrogallol, 0*85>; quiiv>lt 0*887; 
resorcinol, 0*901; catechol, 0*868; urethane, 0*869; carflaniidc, 0*864; ihiocarbamide, 
0*869; antipyrine, 0*859; and acetamide, 0*879. S. Gniewosz and *. Walfisz found the 
absorption coeff. of petroleum to be 1*31 at M)° and 1*17 at 20°. 

The action of carbon dioxide on blood has been studied by S. John,* L. Meyer. 

J. Setsc‘henoff, etc. G. Geffcken ’ measured the solubility of carbon dioxide in colloidal 
solutions of arsenic sulphide, and of ferric hydroxid^. A. Findlay and co-workers have 
also measured the effect of colloids and fine suspensions on the solubility of carbon dioxide 
in water at 26° and various press. The solubility increased slightly with increasing cone, 
of ferric hydroxide, gelatin, silicic acid, aniline, methyl orange, blood serum, peptone, 
protopeptone, and hscmoglobin; wliiie the solubility diminishes slightly with increasing 
cone, of areenious sulphide, dextrine, soluble starch, glycogen, egg-albumen, and serum- 
albumen. No perceptible effect was observed with silica or cliarconl suspensions. When 
the solubility is increased by a given substance, the solubility curve is depressed with an 
increase of press., and conversely. In the case of starch, and other neutral colloids, the 
solubility passes through a minimum with an increase of press. A. Findlay and G. King 
made observations on the influence of suspensions an^ colloids on the evolution of carbon 
^i^xido from^^persaturated soln. 

t 

Special Abservatioiis on the adsorption of ^arbon jlioxidc by charcoal were 
made by P. A. ftivre and J. T. Silbermaun,'* J. Hunter, X. Joulin, H. Kayser, 

L. B. Richardson and J. C. Woodhouse, Chappiua, A. ffeychler, jl. A. Smith, 

M. W. T^a^^rs, J. Dewar, J. L. Barwald, E. W. K. .Pfeiffer, etc. They showed 
the effect' of press, and temp, on the adsorption by different kind* of charcoal. 
These results have been previously discussed in connectien with cltrbon. Similarly 
also with the thermal effect•stucljed by P. A. F^vre and*J. T. Silbermann, 
P. Chappius, J. Dewar, etc. With admixture of 96 per cent, hydrogen and 5 per 
cent, carbon dioxide, R. Loren* and E. Wiedbrauck found that there is a high 
proportion of hydrogen adsorbed at first, the amount then falls rapidly; while with 
carbogi di<^ide, the proportion adsorbed at first is small, but rises rapidly. 
J. Bdhm discussed the adsorption of carbon dioxide by coal. C. Matignon and 
G, Marchal examined the corrosive action of carbon dioxid* unBer 10 atm. 
press, during three years on quoftz, mica, dioptase, woUasionke, talc, asoeaios, 
and glass. J. B. Hannay found that glassy silicates, borates,• and* phosphates 
adsorb carbon dioxide under press. He also found that glass at about 200® 
and 200 atm. press, readily adsorbs carbon' dioxide, find retains much gas when 
cooled under presrf; if the^lass be then rapidly heated to fusion, the sudden 
evolution of the gas makes the glass froth; whereas if slowly heated to 300®, 
tl^ gas is mven off withqat any appreciable effect. H. Kayser, J. T. Bottomley, 
L. Pfaumfier, 0. Schumann, H. Krause, llso studied* the adsorption of carbon 
dioxide by the walls of glass vessels, and by glass powder. R. Bunsen made 
observations extending over three years, and concluded ; (1) The gas condensation 
does not reath a fixed point, even after several years; (2) during the continuation 
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of the expenment, nolmthstanding instantaneous or continual changes of temp, 
and press., no giving^p of the carbon dioxide observable; (3) within temp, of 
+23° to —3° a rise of temp, produces an acceleration, a fall a Corresponding referdar 
tion qi the adsorption. In three years 5‘135 c.t;. of,carboa dioxide und^ standard 
conditions were ^sorued by one metre of the glass wool. As the chemical affinity 
of the silica for the basic substances in the glass is greater than that of the’carton 
dioxidcj the supposition of a con&ination the latter witii the glass is pfecluded^; 
thus it appears that the*carbon dioxide is condensed as sulh. i Thejong Continuation 
of thh phenomenon can be explained by an imperfect interpenetf»tion o( tjie glasp 
by the molecules of the liquid carbon dioxide. It was not proved whether after a 
sufficiently long interval of time this interpenetration becomes negligibly small 
so that the conditions remaining the same, neither condensation nor evaporation * 
of the li(|uid carbon dioxide takes place, although either one or the other might be 
caused l^y g change of tlie conditions. For every series of temp, there may be a 
corresponding series of levels of tlv^ layer of the carbon dioxide. Atm. aif behaves 
like carbon didxid(j. F. Stiheermesser found that sand, washed with hydrochloric 
acid anti then* calcined, slowly adsorbs t»a«es of carbon dioxide, and<mixtures of 
sand and* clay adsorb more* gas when moist than when dry; the gas is given off 
in sunlight and r^-adsorbed^in the shad(‘. J. H. van den Broek, and J. Nickles 
studied the adsorption of carbon dioxide* by soils; G. Htifner, the adsorption of 
carbon dioxble by (opal); and L. A. Munro and F. M. G. Johnson, 

the adsorption of the gas by ahnnim. 

S. von Wroblewsky, A. Reychler, and W. Hempcl found that caoutchouc or 
rubber adsorbs carbon dioxide, and the first-named added that the phenomenon is 
purely physical, not chemical. J. D. Edwards and S. F. Pickering found the 
relative permeability of rubber to hydrogen and carbon dioxide is as 1 : 2*9; the 
rate of diffusion at 100° is about 17 times that at 0°. The permeability varies 
somewhat with the composition and age. According to G. HUfner, grey caoutchouc 
absorbs nearly its own vol. of carbon dioxide at —2°, and the sp. absorption coeff. 
increases with a rise of temp. T. Graham found that silver adsorbs 0*486 to 0*545 
vol. of carbon dioxide, and gold, 0*16 vol, and G. Neumann added tliaWie found that 
29 grms. of copper oco^uded 0*0055 to 0 0196 grm. of the gas. A. Sieverts and 

Krumbhaar found that carbon dioxide dissolves neither in moltei! nor in solid 
copper. H. S. Tayloj^iukR. M. Burns studied the adsorption^ of carbon dioxide 
by nickel, cobalt, iron, copper, paUadiuni,t&jid phuinum—vide the respective metals— 
and by copper, manganese, artbalt, and silicon oxides. ' 

Liquid carbon ^dioxide it a poor solvent. G. Gore * found that it dissolves camphor 
and iodine sparingly^, it dissolves fats less rapidly thaji carbon disulphide. It change 
guttapercha into a brown colouAd substance; apdfit makes rubber swell. L. P. Cailletet 
said that it does not dissolve sodium or calcium chloride, sodium sulphate, colespar or 
^ chalk, stearin, paraffin, sulphur, or phosphorus. It changes potassium carbonate into 
the hydrocarbonato; it dissolves iodine, and fatty oils sparingly. P. Villard also made 
some observations on this subject. C. Boelter studied the action of liquid carbon dioxide 
and water on silicates. E. H. Buchner found that it does not dissolve soditei, cilciura, 
and mercuric, chlorides, potassium bromide, or potassium and mercuric iodides; cupric 
or fqfrous sulphafe; silver nitrate; sodium or calcium carbonate; mercuric cyanide, 
silioa, arsenic trioxide, metaphosphoric acid, soAum or calcium phosphide, phosphorus 
sulphide ;* \>otagfiura fluosilicate; quaternary ammonium salts} carbon; silicon ; 
alimiinium*; sulphur ; potassium ; or sodium. The following are sparingly soluble in 
this mensinium: phosphoru^ iodine, bromine, boric acid, phosphorus pentachloride, 
and antimony and arsenic tribromides. The following are completely miscible with the 
liquid: acetylene, pentafte, amylene, benzene, p-xylene, p-dicluon)bdnz6ne, acetic acid, 
camphor, and carbon disulphide; the following are*partieny*mi8cible: anthracene, 
plienanthrene, tri-iodomethane, p-dibromobenzene, p-chloro* or bromo^nitrobenzene, 
1.2.3- and 1.3.2>dichloronitmbenzene, bcgneol, ph^haUc anhydride, succinic anbydrkie, 
urea, and benzamide. l^e f^lowing have a limit^ solubility: tribromomethane, o -bromo 
nitrobenzene, mono* ana di*ohloroiutrobenzene, nitrobenzene, thymol, and urethaner 
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* § 86. The Chemical Fcopecties o! Carbon JDioxide 

The disaoaiation of carbon^ divide by heat jjas been, described in connection 
with the^action of oxygen on ca-bon. F. Haber and H. le Rossignol investigated 
the dissociation of carbon dioxide in tl^f flame of burning carbon monoxide mixed 
with oxygen. According to 8. Chadwjck, J. E. Ramsbottom, and ft L. Chapman,i 
dry carbon dioxide gas exposed to mtia-violet ligljJ is partiafly resiSved into 
carbon monoxide and oxygen. There is a .S per cent, decomposition under atm. 
press., and a 46 per cent, decomposition under 36 mifl. press. The moist gas was 
not decomposed under these conditions. Probably some ozone is also formed. 
H. Herchfinkel obtained similar results, and observed that the surface of the 
mercury confining the gas acquired a yellow ftlm^of mercuric oxide. According to 
A. Coehn and 6. Sieper, with dry carbon dioxide there was an 18 per cent, decom¬ 
position, and when the merest trace of moisture was present, a OTO per cent, 
decomposition. Neither formic acid nor formaldehyde was formed. The water 
was not changed. The decomposition was inversely proportional to the press, and 
more than corresponded with the law of mass action. H. Tramm showed that the 
speed of combination of carbon monoxide and oxygen in ultra-violet light is the 
same for the moist or dry gas; the retarding effect of moisture on the photo¬ 
decomposition of carbon dioxide is not due to an acceleration in the formation of 
earbon dioxide but to a retardation in its decomposition^ Sulphur dioxide acts 
like water a* a retarder— vide the oxidation of ^carbon ^monoxide; and J. Peklo 
found that potassium cyanide inhibits the reaction. , 

The readiness with which carbon dioxide can be reddfed to fojmaldehyde is 
considered *o be most suggestive in revealing the ujechanism of photosynthesis. 
This led R. Willstatter and A. Stoll to conclude d;hat carbonic acid is rearranged 
by the absorption of light energy into a formaldehyde peroxifle complex from 
which, by means of an enzymw -catalase -action, formaldehydl is liberated, oxygen 
evolved, and chlorophyll regeneratwi, E. Bauer and P. BUchi found no evidence of 
the formation of formaldehyde, oxalic acid, or formic acid in the photolysis of 
carbonic acid; the production of formaldehyde—reported by B. C. C. Baly * 
and co-workers—when carbonic acid, in the presence of a sensitive dye, is exposed 
to light wis said to be due to the decomposition of the dye itself. 0. Loew found 
that carbon dioxide in the presence of water is not reduced by exposu/e to soiUigbt. 
A. Lieben found no formic acid was produced after 50 hrs.’ exposure to sunlight. 
According to A. Bach, a stream of purified carbon dioxide was passed tjjhough two 
flasks, each containing a 1'5 per cent. soin. of uranium acetate. One flask was 
exposed to direct sunlight; the other was covered witftblack paper to exclude light. 
The contents of the iask containing the soln. treated with cafbon dioxide and exposed 
to sunlight alone became turbid and of a more or less greenish colour in about 20 mins.; 
after some time, there was a considerable deposit, which, when filtered and washed, 

, had a violet colour. This pfecipitjfte, when’exposed to &ir, became yellow, and Was 
translormed into a mixture of uranous and uranic hydroxides, with a trace of a 
hrowni^-yellow substance, probably uranium ^roiide. When the uranium peroxide 
was eiposechto th# action of hydrogen peroxidp and formaldehyde, the yellowish 
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precipitate aaquired a arwniSh colour, and was finally traMfonned into the violet- ‘ 
Lw^ substance solujilfin acetic acid. A. Bach explained the resulte by Muming 
that a soln.of carbonic acid in sunlight slowly forms pej-carhomc acid wd fqtmal- 
dehvde 3 H,C 0 ,= 2 H,C 04 -|-H.C' 0 .H; and.the.percarbomc acid then (fccomposes 
into hVdri peroxide, etc., H 2 C 04 =C 02 -f H^O^. -R. Wolfienstein and R Peltoe^ 
could not prove the formation of the percarbonic acid. A. Bach ,show«l »at 
carbon dioxide and water in the presence of a dil. sulphuric acid soln. of dimethyl' 
aniline (A.’Trilht’a teat), give the )ntenae'blue reactioncb^racteriatio^ of formal¬ 
dehyde, after exposure to light—diffused daylight or even thej^bt from a gas- 
flame is suflicient. H. Euler said that the reacV'on^docs not occur with'freshl^ 
purified dimethylanilihe ; and he found that when a soln. of uranium acetate is 
exposed to sunlight, it ^ve in one hour the same precipitate of uranoils and uranic • 
hydroxid|S as was obtained in half an hour from the soln. exposed to the action of 
sunlight and carbtm diojtide. The function of* the carbon dioxide.is to remove 
oxygen ffoij the soln., anil it may be replaced byaa’notlier indifferent gas, such as 
hydrogen or nitrogen. H. A. Spoftr repeated the experiments of F. L. Usher and 
J. H. Piicstlcya I). Berthclot and II. (Jaudechon, J. Stoklasa and W. Zdobnicky, 
and E. Ck C. flbly and co-workers, and has failed to obtain evidence of the 
reduction of carbm dioxide to formaldehyde; but A K. Sanyal and N. R. Dhar 
found that the exposure of fnuist carbon jlioxidc for 72 hrs. to tropical sunlight 
produced appreciable quantities of formaldehyde. Carbon dioxide is reduced by 
hydrogen to formic acid in the presence of palladium black; the reaction is 
reversible, and there is no sign of Uie intermediate product, formaldehyde. E. Baur 
and co-workers could not confirm the photocataly.sis of carbon dioxide by colloidal 
iron or uranium oxides, ferric chloride, or sodium uranate, as reported by B. Moore 
and T. A. Webster. The reaction was investigated by T. Thunberg, F. Weigert, 

H. H. Dixon and N. G. Ball. t). Warburg and E. Ncgclein investigated the effect of 
the wave-length of light on the assimilation of carbon dioxide. The yield is greatest 
in the red and least in the blue region. E. Wurmser also comjiared the effects of 
red, green, and blue light. 

Carbon dioxide was found by,W. Ramsay 2 and co-workers to bc^ decomposed 
into carbon, carbon monoxide, and oxygen when exposed to radium radiations.' 
E..Wonrtzcl found that the action is very slow. H. Herchfinkel saiddihe reaction 
resembles that which occiys on exposing the gas to ultra-violjt light, and that 
about one-hundredth «ijf the carbon dioxide is reduced to monoxide. B. Walter 
also found that the radiations from radft-tellurium acted like ultra-viedet light on 
carbon dioxide. According *to B. Bergell, solid carbon dioxide absorbs radium 
emanation, and, (Bi sublinvition, the last fraction of the gas is radioactive. 

In 1788^ M. l.a»driani,® and, in 1785, M. van Jlaruin observed that carbon 
dioxide isVlecomposed by frictitmal electricity,d(Jt the vol. of the gas is permanently 
increased, and it is no longer so readily absorbed by water. J. Dalton, W. Henry, 
and J. Plttcker*noticed that the passage of electric sparks through carbon dioxide’ 
decomposed the gas into carbon monoxide and oxygen. W. Henry said: 

• • 

When the e’.eotrip shock has been repeatedly passed through a portion of this acid gas, 
its bulk is enlarged, and a (lermanent gas is produced which is evidently a mixture of 
oxygenous and hydrogenous gases; for, when an dfcctric spark is passed through the gas 
that remaihp' aftoa the absorption of the carbonic acid by caustic alkali, it immediately 
explodes. 


The decomposition, said H. St. C. Deville, is but slight bec*uie the spark also 
causes the products of the reactions to re-form carbrm dioxidfc: 2002 = 200 - 1 - 02 . 
Observations were also made by A, W. Hofmann, B, Lepsius, M. Berthelot, 
T. Andrews and P. 6. Tsiit, H. B. Dixon and H. F^. Lowe, etc. H. Buff aifd 
A. W. Hofmann showed that when the decomposition of the carbon dioxide has 
progressed for some time, the resulting carbon monoxide and oxygen recombine 
with explosive violence. A. W. Hofmann showed that the explosionsoccJrs only 
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■‘under special 8ondition8, the 8pnrk*ghould be 2-5 to 3 fl long when the current 
ia derived from two Bunsen’s cell^connected with a Ruhmkoff’s coil and a small 
Leydra jar. A. Smithells suggested carbon dioxide at low press, in a vacuum 
fcbe may (je fairly stable in the electric discharge, but J. N. Collie found that under 
4heae conations decompositioffto the extent of 65 per cent, enay occur in 10 secs. 
There i^ evidence of recombination because, during the passage of the discharge, 
ftickeringp occurred in the tube when the negatiw electrode became hot, and the 
glow on the,hot negative^lectrode changed ir<m the livid,bJue exhibi{ed»by the 
mixture of decon^osecf gases to the purple coloftr, which was characteristic jrheu 
tie gas was first’subjected to thf electric discharge. The results are independent 
of the electrode, and from 5ft to 62 per cent, is foumrto hate decomposed when 
^the gas af 5-i mm. press, is confined in an electrodciess tube. No difference was 
observed whether the undried or specially dried gas was employed. A. W. Hofmann 
found that in |he electric arc with <ron electrodes the gas,decomposed yielding its 
own vol. of carbon monoxide,* yhile if the iron*contained carbon, more carbon 
monoxide'was formed. B. Lejisius found that'with carbon clecti;od#s one vol. 
of carbon dioxide yields two vols. of carbon monoxide. C. Montgmartinj found 
that the cotona effect in circuits traveled by a continuous current degomposes 
carbon dioxide into oxygen and carbon monoxide. ’’ , 

T. Andrews and P. G. Tait found that carbon dioxhle is slowly decomposed by 
the silent discharge —in, say, an ozone lube—and a bronze-green deposit appears 
on the anode. A. Thenard observed that carbon monoxide and oxygen arc formed, 
and that the latter ia partly converted into ozone. W. Lob said that the ozone 
which is formed re-oxidize.a the carbon monoxide. Observations were made by 

B. C. Brodic, P. Hautefenillc and .J. Chappiua, E. Reitlingcr and A. von Urbanitzky, 

A. W. Hofmann, etc. M. Berthelot noted the formation of solid carbon oxide— 
vide carbon auboxides. A. Holt found that the amount of decomposition is less 
the weaker the discharge, or the wider the annular space in the ozonizer; and 
with a discharge of constant intensity and at varying press., the amount of dried 
gas decominwed varies inversely as the press., while with moist gas, the amount 
decompos(‘d varies directly as the press.: , 

friJisure . . .tO 105 300 062 60 22CL 448 628 

Docompositioi* . 48-4 31 0 10 0 2'6 J'8 6^-5 10-3 14 0 per cent. 

• Drlftd gas • M^lst gas 

It is assume^ that in the moist gas at low press, the discharge is almost entirely due 
to ultra-violet light, but, as the press, increases more Shd more, sparks are formed 
which decompose the gas. T. Noda and E. Warburg found that with a point 
discharge, the carbon dioxide i^ decomposed to the extenl of 3.,per cent., and that 
about 19 per cent, of the oxygen pfti^uccd is ozonizcAl. The number o1 rouloinbs 
required to decompose a gram-eq. of carbon dioxide is only 2610, which shows that 
the decomposition of this gas by the silent di.scharge is not an electi^ilytic process. 
It is shown also that of the electrical energy supplied only 11 per cent, is converted 
into chemireil energy. For a negative point discharge, it appears that the amount 
of decomposition depends only on the total electricity, not on the purrsnt strength^ 
Further, the number of coulombs pej mol. of carbon dioxide decomposed increases 
as the density of the gas is diminished. It is also found that the uumber of 
coulombs falls off as the temp, rises. * * 

In 1802, N. T. de Saussure* observed that when,electric sparks are passed 
through a mixturq o{ hydrogen and carbon dioxide, the vol. decreases. A similar 
observation was maderby M. Traube, A. Naumann and C. Pistor, etc. J. N. Collie 
found that with the electric discharge at low press, the carbon monoxide formed 
inistatu nascenii did not'produce •any detactable amount of formaldehyde, but 
"the decomposition of the carbon dioxide appeared to be retarded by the hydrogen. 

C. Zenghelis said that the gases in a nascent state owe their activity to their being 
in an exfjemqjy finely-divided condition because carbon dioxide in a sat. aq. soln. is 
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reduced by hydrogen ^sseR into the aoln. tlirongh filter-paper, hr parchment.' 
The action is accelerated by sunlight or ultri^-violet light. Formaldehyde U the 
first product of the action. Carbon dioxide is slowly redu(ied by hydrogen when 
both gases are present in the same aq. soln. ^ * t ^ 

8 ? M. Losanitsch and M. Z. Jovitschitsch found an exposing a mixture of carbon 
dioxide and hydrogen to,the silent discharge, some formic acid is "p^odt^ed, 
M. Berthclot said that some cMbohydrates are formed when the hydrqgen is i/i 
excess* nl: 02 + 2 /iH 2 =»(!„H 2 „ 0 „\tiH 20 ; <if less hydrogen is pre 8 ent„the product 
is riqher in oxygen ; and if nitroSen be present a nitrogenbus jrfoduct, (COHsN)n, 
or (COHjNln+nHjO, is formed, while in the prcjence of water, alnmonkim nitrate 
appears. W. Uib alto notefl that some formic acid ilproduced by the action of the 
silent discharge on a moist mixture of carbon dioxide and hydrogen ;• nd hydrogen, 
pcroxi(|(: was detected, but some ozone was formed, and this appears to hinder or 
prdeent* the fotsnatioii of hydrogen peroxide. He represents the reactions: 
2002=^8004 02; 2 H 24 -O 2 -=21120; H24C0=i?.C0H; CO-fH20=H.C0.0H; 
and posafbly, also C 024 -H 2 -^I.C 0 . 0 H. No glycolaldehyde was' detected. 
E. Roj^r fouigl formic arid is produced iJhen carbon dioxide is passed into water 
contaiiieii in the porous pot of Bunsen’s J5r"Grove's cell; and that mdte is formed 
with un-anialgan^ted than with amalgamated zinc. H. Thiele observed no result 
when a mixture of hydrojjen and carbon dioxide in a quartz bulb is exposed to 
ultra-violet light; hut A. Coehn and 0. Steper observed that formaldehyde is pro¬ 
duced with a mixture of equal vols. of carbon dioxide and hydrogen. 

A. Bchriitter tound that at a dull red heat carbon dioxide is reduced by hydrogen 
to carbon monoxide; G. Gore added that the reduction does not proceed so far as 
to give carbon, A. Naiimann and C. Pistor observed no reduction at 900°, and 
C. Hoitsema said that the mixture: C '02 f 112 = CO |•H 20 <'an be kept a long 
time at 600” without attaining a state of equilibrium. According to M, Berthelot, 
when a mixture consisting of carbon dioxide and hydrogen is raised to a high 
temp., the state of equilibrium is established, not between the binary systems 
(C 02 -fH 2 ) and (CO 4 HoO), but between the more, complicated system i(n—a)C 02 
-|-n(C0-!-0) I, resulting from tlij partial dissociation of carbon dioxide and the 
partial dissociation of steam, | (m-P)H, 20 -l-j 3 (H 2 -|- 0 )',, while, a* further c^m- 
plicatioli results from* the di.saociat,ion of carbon monoxide which,rcacta in the 
following sense, 2 KX 1 -|-(' 02 - 4 - 0 ( 0. Boudouard found that different 

mixtures of hydrogej»an3 carbon dioxide at 850° and at ll(xl° attained a state 
of equilihriuhi in a few hours, and thi^distribution of the products (]P 2 -|-H 2 *=^CO 
4 -H .20 were in accord witlf 11., le Chatelier’s theorem. Press, had no influence 
on the equilibrium conditions since the number of reacting mols. is the same as 
the number produaed by the reaction. The conditiqps of equilibrium have been dis¬ 
cussed iif connection with tlu? reverse reacti(yi4)etween carbon monoxide and steam. 

Reduced iron was found, by P. Sabatier and J. B. Senderens, and A. Gautier 
and P. C'lausmann, to act catalytically on the reduction of carbon dioxide fiy 
hydrogen at 420°, forming methane. P. Sabatier and J. B. Sendeiens found that 
reduced cobalt at 300” begins to form methane, and at 360°-400°, th» readtion is 
^apid ; redacod ,nickel begins to act at 2,30°, and at 300° the reaction C 02 -I- 4 H 2 
=CH 4 f 2H20-t-41'2 Cals, occurs, S. Medsfqfth studied the action of nickel, and 
the effect «f the oxides of Ce, Th, Be, Cr, Al, Si, Zr, Mo, V, Sn, Mg, Cu, and Ag on 
the nickel catafyst. H. S. Elworthy and E. H. Williamson patented the application 
for manufacturing methang. M. Mayer and co-workers also studied the reaction. 
P. Sabatier and J. B. Senderens found reduced copper acts c^tglytically, CO 2 -I-HJ 
=C 0 -t-H 20 ; and that there is no appreciable foimation of methane with finely 
divided platinum or palladium at 420°. E. Orloff fojnd that carbon dioxide is 
not reduced to formaldetyde by niokel or palladium at 95°-100°, but at higher 
temp, methane and ethane are formed. Aocordii% to A. Bach, whengoarbon 
dioxide is reduced by hydrogenized palladium, formaldehyde is pr^uced. 
H. B. Dixon observed the reduction of carbon monoxide by hydjogefl when a 
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platinum spiral is electrically heated to redness in the ijized gases. El. MUller 
and H. Barck found that the reduction of carbon dioxide hydroggn is greatly 
accelerated in the preseno* of chromium and iron ; with manganese, some carbide 
jp formed.* A. P. Dubrunfaut^ourfd that when hydrogen in passed over cAlcium 
carbonataat a red heat, carbon and water are formed ; similarly also when a mixture 
of catBon dioxide and hydrogen is passed over red-hot pumice, he said that the 
'wductioif occurs in two dtages: C02-|-IJ,>=H2CM'C0, and Q0-fH.>:=C-fH*0. 

According to jl. Bubsen, if a mixture of hydrogen, oxygen, and carbon dipxido 
ijB inflapi^d, the»Atio of the reduced to the non-reduced carbon dioxide changes 
per saUum when different plopSttions of the combistiblo gases are employed. 
On the oontipry, A. Horstmann showed that the results are quite in agreement 
•with the law of mass action, in which the equilibrium cAncerned is: COa-fH 2 
=H2O-t-00. M. Berthelot said th^t if the mixture burns cxplo|ively, thi carbon 
dioxide is notVhanged, and onJj when the comhdstion proceeds slowly is carbon 
monoxide* formed. He also found that when a mixture of equal vols.’of carbon 
dioxide and oxygen in scaled tubes was Exposed to the action of a sjjent diy;hsrge, 
16 per cent, of the gas was decomposed* with the formation of a^jas acting as a 
strong oxidizing agent. If this gas be regarded as ozonb then it is produced in the 
proportion of from 30 to 40 per cent, of the amount sf oxygen set free, which is 
larger than the quantity of ozone foriAed from pure oxygen. All attempts to 
isolate the gas have failed, owing to its strong oxidizing properties, and it is 
suggested that possibly percarbonic acid is formed. 

According to A. Licben,^ at ordinary temp, hydrogen in sUttu na/tcendi does 
not reduce carbon dioxide dissolved in water, nor did W. bob detect the formation 
of perceptible amounts of formaldehyde or formic acid under these conditions. 
A. Lichen, however, observed that carbonates of the alkalies or alkaline earths 
(not magnesium iiydrocarboiiate) are reduced to formates by hydrogen in statu 
nascetuli derived from the action of magnesium or platinized magnesium. Light 
has no elfect on the reaction. H. Moissan found that the alkali hydrides—sodium, 
potassium, rubidium, caesium—do not react with thoroughly dried carbon dioxide 
at ordinary toinp.; but, in the presence of the merest trace of water, between 
--SS'’ and -f54°, potassium hydride and carbon dioxide fo«n potassium formatj. 
M. Maver and*V. Altmaver found that calcium hydride reacts with carbon dioxide: 
4CaH24-2C02=CHff4Ca0-bC+2H2. • 

S. M. Losanitsch and M. Z. Jovitschitrsch * found that carbon tlioxide and 
water wapouA react under the influence of the silent discharge, producing formic 
acid, ozone, and hydrogen dioxide. W. Lob made similar obgervations —vide 
supra. For the action of hydrogen peroxide, vide percarbohates. The solubility of 
carbon dioxide in water has bjen previously discusstd. An aq. soln. bk carbon 
dioxide has the properties of a weak acid —vide the conductivity of the aq. soln. 
At atm. press., the aq. soln. gives a claret-red with blue litmus ; and.according to 
F. J. Malaguti, at a press, of two atm., the red colour is more marked. R. Kersting 
said that wgter containing 0‘000004 part of carbon dioxide will colour neutral 
litmus violet. According to J. B. A. Dumas and J. S. Stas, and IL St. C. Deville, 
a soln. coloured claret-red by litmus has its original colour restored by exposure to 
air, owing to the escape of carbon dioxide. The colour is quickly discharged by 
boiling the soln. According to F. A. Flilckiger, and H. RebenstArff, a’soln. of 
phenolphthalein reddened by sodium hydroxide is decojorized by carbon dioxide. 
The colour with methyl orange is scarcely affected by carbonic acid, but B. von 
Szyszkowsky found a*»at. soln. .of sodium chloride coloured with methyl orange is 
more sensitive to carbonic acid than is an aq. soln. The feeble acidity of carbonic 
acid explains why only thc*more eleptropositive metals aje affected by this acid-v 
wide the action of the metals on carbonic acid. Carbonic acid is stronger than 
tartaric*acid (D. A. Goldammer), nitrous acid (C. Marie and R. Marquis, J. Meunier, 
and R, ^ Moore), a^d boric acid (L. Griinhut). R. Hbber studied the effect of 
carbonic acid on the alkalinity of blood. 

VOt. VI. 
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H. MoisU^ iou.«f to at OTdtoy temp, fluorine does not react with 
carbon tlhxUle. J.^hicl hi,ml that carhont’l chloride 18 formed when 8 nux- 
ture of earhon illoxide and chlorine is passed over redact carbon. Accotmng tP, 
R. Lucion, dry chlorijic at and at a btigh^red Jfeat is without action on . 
dioxide. With chlorine and moist carbon dioxide, however, hydrogen ghioride is 
formed in the usual way ;* Af) tier cent, of the chlorine disappeared in this 
when thewarbon dioxide was niVsd with ^8 per cent, of ohlorine ; when,*however, 
the chlorine formeil oRly one peraiont. of the mixture, the* onlj^ll [Air cent, of it 
was’eonverted into hydrogen chloride. With air as diluent, juitthe reverse toijk 
place, and the |iereantages»of chlorine attackcd*weae 14 in the first instance and 
80 with the one, per cent, mixture. According to J. Dewar, carbon dioiiSe mixed 
with many aubstanocswiid at high press, behaves as if it formed unstafile compounds 
which iwe deconjposed and reproduced accordjng to the conditions of the experi¬ 
ment ; wijh bromine at 40^ an<4 60 atm. press., tw distinct layers 4ire formed one 
of which if liquid carbon dioxide with a little brflmine in soln.; at 90 atm. press, 
the two liquids are miscible; with carb*n dioxide, and hydrogen Chloride lique¬ 
faction*occurs'^t • . . 

ir * 511’ SIC Her is 5” 31'0’ sri'O" 

Pretwure . . *. 30 0 , 39 0 43 8 48'2 59 0 83-0 90-0 atm. 


H. Muller stated that an aq. sidn. of sodium chloride is decomposed by carbon 
dioxide with the evolution of hydrogen chloride, and H. Schulz said that if a 5 per 
cent. soln. be tinted with 0 001 "per cent, of methyl violet, the colour is destroyed 
by passing carbon dioxide through the soln. J. Kohmann and E. Malachowsky 
added that the decoloration is really due to the precipitation of the methyl violet 
by the salts in soln. N. N. Beketolt observed no change when a dil. soln, of barium 
chloride or calcium chloride is treated with carbon dioxide under 40-45 atm. press. 
H. Muller, however, observeri that lead chloride gives a precipitate of lead chloro- 
carbonatc. W. Spring found that Khajijnarbon dioxide is passed over lead chloride 
at dOtf-SOO", chlorine is given off. Iflh BlroVe, anij^Peljagri found that potassium 
iodide, in the. presence of wat(*r, is decomposed ny^SWNwriigj^jPnd, added 
D. Pajrasogli, if the fotassium iodide is quite pure, no dccomposinbn occur* tt 
Adinary temp., but at a, higher femp., hydrogen iodide is set free. 

A. J. Balard fouq^ that hypochlorite aie decomposed by carbon dioxide, and 
chlorine mcgioxide iifsct free. J, D. Gay Lussac found that the reaction is incomplete 
when the hypochlorites 8rc,in soln. A. W. Williamson studied the action of carbon 
dioxide on barium hypochlorite ; and J. Kolb, H. G. dc Claubry, A. Morin, and 
C. Qopner the hetion on calcium hypochlorite (q.v.). N. A. E. Millon stated that 
the chlorites are liccomposed by carbon dioxjde. According to G. I’apasogli, and 
C. F. dross, potassium lOdate alone is not di>composed by carbon dioxide, but if 
some potassium iodide is also present, iodine is set free. M. Griiger found that the 
reaction is iilbomplcto. 

6. Chevrier* found that carbonyl sulphide {q.v.) is formed when^a mijture of 
sulphur vapour and carbon dioxide is exposed to the silent discharge; and A. Cossa 
foqnd that the same product is obtained when carbon dioxide acts on boiling sulphur. 
M. Berthelot, however, said that dry carbon dioxide has no action on boiling sulphur, 
and thaiA;he »mall quantity of carbonyl sulphide which is formed when a mixture 
of sulphur vapour and carbon dioxide is passed through a red-hot porcelain tube is 
derived from the carbon* monoxide produced by the dissociation of the carbon 
dioxide. S. Petuchotf could detect no carbon as a result of t^s iperation. A. Smith 
and W. B. Holmes showed that when molten sulphur is treated with carbon 
dioxide it does not give the insoluble form when cold.* S. Petuchofi found thjt at 
1200°, sulphur, and carUbn dioxide flerivod from the decomposition of carbonates, 
produces carbon monoxide, sulphur dioxide, and carbon. H. Kohler {Aissed a 
mixture of carbon dioxide and hydrogen sulplndt through a red-hot,tnbe and 
found sulphur, carbon monoxide,and water are formed: COj^-HjS=ftCO-f HjO-f-S. 
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Tllfr reaction is possibly : COj 4 -H 2 S=COS+HjO, but “the carbonyl sulphide is 
decomposed at the temp, of the experiment. A. Gautier repiesented the reaction: 
^00^9Hs8=3C0S-f-5CO+IIi+8Hi0+6S; no hydrocarbons were found. 
M.^erthdot found that when^a mixture of carbon dioxide and hydrogen sulplu'de 
'is exposed to the silent discharge, each gas is decomposed separately and the products 
rea^t, fbrming sulphur dioxide, and trioxidc. B. Holmberg noted that when carbon 
^oxide Is passed into an alcoholic soln. of pgt^um bydlosalphideH potassium 
ethylcarborihte, notassinmfliydrooarbonatc, etc., are formed f KSH+COj-j-C^HsOdJ 
=fCO.CUOC 2 Hrf HjS; and KSH+C 0 .i+H 20 =H 2 S+KHC 03 . E. Rer> and 
X. Rittener represent the actign <»f carbon dioxide on sq^um g^pbide at 14° and 80° 
by: Naj'^Cps+HaO-^NaSH+NaHCOs, and NaSH+COi-fHoO^NaHCOa+HjS 
respecti vely.* E. Berl and A. Rittener, and L. A. Buchner studied the action of carbon 
dioxide on calcium hydrosulphidc, Ca(SH) 2 : and M. Bcrthelot, the action «>n potas¬ 
sium polysul^ide. The physipal properties of igixed caifcon diSxido and Sldphur 
dioxide have been previously discussed—vide svprfi, and 1. 4, 8. M. Bcr{he1ot found 
that when potassium sulphite or hydri»ul])hite is heated to redness in a stream of 
carbon dioxide, the alkali sulphate, polymilphide, and a little carbordite are "formed; 
while under similar conditions carbon dioxide docs not act on pot&ssium*sulphate. 
.1. Davy said that water sat. with carbon dioxide under preas. has no more action 
on dihydrated calcium Sulphate than has water alone.* 

N. T. de Sau.ssure ® observed that carbon dioxide is reduced to carbon monoxide 
when heated in the presence of carbon. V. A. .lacquelain studied the slow combus¬ 
tion of carbon in an atm. of carbon dioxide when heated by the oxyhydrogen flame, 
or by the carbon monoxide-oxygen flame. A. P. Diibrunfant stated that if hydrogen 
or moisture be excluded, carbon does' not reduce carbon dioxide, J, B. A. Dumas 
said that at a red heat the reduction of dried carbon dioxide is effected by dried 
carbon. This subject has been disemssed in connection with the action of oxygen 
on carbon. B. Rathke gave for the heat of reduction f'02-|-C-2CO - 36'7 Cals., 
and stated that the reaction is incomplete at a red heat. According to B. Unger, 
the reduction docs not wcur at »l)()°; this statement, however, is not correct. 
P. Sabatier luid ,T. B. Senderens could detect n* action between 230° and 400°; 
?k.*Naumann and V. Pistor said that the reaction sets in abqpt 550°; 0. Boudouard 
said that no*reduction is appreciable below 450°, and at,950° the reaction is cotn- 
(iletc. The reversibility of the reaction was establishedjiy JI. St. C. Devillo about 
1864, and the equilibrium conditions have; been iliscussed ill connection with the 
action of oxygen on carbon. H. von JUptner studied ^he equilibria of the gases in 
gas producers. C. A. Parsons showed that when Carbon is electrically heated in an 
atm. of carbon dioxide under press., carbon monoxide as almoelt wholly formed. 
M. Foix found that the diamond haj practically no action on oatbon dioxide, so that 
the reaction U02-b(Jdi,monci=2U0 is not reversible. 0. Gore observed no reduction 
of carbon dioxide to carbon when it is heated with hydrocarbons. J. Lang found 
that the reduction of carbon dioxide by methane begins between 7110° and 8(XI°; 
the r^ctio|i is very slow between 703° and 814°; above this, carbon monoxide is 
formed in proportions increasing with the rise of temp., and some carbon is formed 
above 1000°. P. and A. Th^nard observed that a mixture of carbon monoxide and 
methane in the silent electric discha^e gives a liquid product; and W. Lob showed 
that carbon monoxide and hydrogen are formed. A. Frank obsenred (fli/lt when a 
mixture of acetylene and carbon dioxide is heated, or exposed under press, to the 
silent discharge, amorphous carbon is formed: 2 C 2 H 2 -f t’02=2H20 4-50. J. Dewar 
found that when" eflual vole, of acetylene and carbon dioxide are liquefied, the 
incompletely miscible liquids" mix completely at 13° and 25 23 atm., 26'8° and 
3^1 atm., 41° and 7B'52«atm. Similar phenomena were observed with carbon 
. dioxide and benzene, and S.MiyaAoto foufid that a silfent discharge through the 
vapoilb of benzene and carbon dioxide forms a phenol, CsoHsoOj. W. Lob 
observeij that the action of the silent discharge on a mixture of e^l Zlcohoi, 
carbon dioxHe, anS water vapour gave muc^ carbon monoxide, some formal- 
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dehyde and •formic acid,‘and traces of acetaldehyde. J. Dewar found that with 
mixtures of carbom dioxide and ether, at •20° and 20 atm. Ae gases con¬ 
dense to a liquid in which the two constituents are miscibfe in all propo^ons^ 
a sengration occurs at 42° and 55 atm.,-and at.68° and 110 atm. 'J. Dewar,_ 
and J. 1'. Kuencn .studied the condensation phenomena with mixtures pf carton 
dioxide and chioroform, Artording to P. Sebiitzenberger, carbonyl chloride istformed 
when a mixture of carbon dioxiddffipd carbon tebacbJoridois passed through a red- 
hot tnb*e packed with ^jumice-stose: t'02’-|-CCl4=2C0tl2.« J. ttwai*studied the 
condensation phenomena with mixtures of carbon dioxide and caaaon tetrachloride, 
and with methyl cUpride. .As previously indicaeed«a mixture of carbon dioxide 
and carbon disulphide when passed through a hot tube furnishes carbonyksulphide. 
The conditions were studied by W. Hempel. The reaction was also studied by 
A. Deniagcr. When the mixed ga.ses arc passed over heated copper, A. Eiolart 
observed a reaction repitsentcd iy; COj-f CS2^4Qu=2CO-f 2Cu2S.» M. Thilorier 
said that {quid carbon dioxide pnd disulphide %re miscible in all preportions. 

L. 1’. Caillcteir said the miscibility extend* only over a limited range. J. Dewar 
found at 19°, cJrbon dioxide liejuefies in the*presence of carbon disulphide at 49 atm. 
press.; (ft 35°, at 78 atm.; at 40°, at 85 atm.; and at 58°, at 110 atm. press. 
The liquid carbon’dioxido then floats on the surface of the, disulphide ; at 47° and 
80 atm., the layers of liquid are not so W(!U marked; at UO atm., the upper liquid 
almost wholly disappeared, and on reducing the press, to 80 atm. the liquids were 
completely mixed. A reduction of 5 atm. in the press, caused the liquid again to 
separate into layers. .1. A. Wanklyn found that acetic acid is formed when carbon 
dioxide reacts with sodium methyl, and propionic acid, with sodium ethyl. Nuinerous 
other reactions of carbon dioxide, with organic compounds have been reported by 
K. Brunner, etc. For the action of carbon dioxides on the carbonates, vide the 
metal hydrocarbonates. <1. (lore observed no separation of carbon when the 
vapour of ammonium carbonate ami carbon dioxide are passed through a red-hot 
tube. Ij. Naiidin and F. de Montliolon said that dry carbon dioxide has no action 
on dried potassium cyanide ; but in the presence, of water, hydrocyanic acid and 
tmtassiuin carbonate, arc slowly* formed. When carbon dioxide i* passed over 
heated potassium thiqpyanate, J. Milbaucr found that suliihur, carbonyl sulphide, 
ciftbon monoxide, and. potaaqjum cyanate are formed; KCNS=KCN-fS; 
KCN-hC02=COd-KGJlO a or KCNS-t-CO.-KCNO+COS; «nd OOS^CO-|-S. 

G. Gigli found that atoln. of potassiumjerrocyanide, sat. with carbon dioxide gave 
some hydrocyanic acid whep distilled, and a greenish product, probably potassium 
ferrous ferrocyani<le, K^FclFeGyBl, was formed. The reaction is not essentially 
different from thllt betwean sulphuric acid and potassium ferrocyanide. J. Matuschek 
repreaentyd the re&ction by; 2K4FeCye-f4(p2-h«H20d-0=2Fe(0H)3-l-4K2C08 
f 12HCy; and with potassium letricyanidct 2K8FcCye-l-3C02-f 9H20=2Fc(OH)s 
-t-,3K2C08412HCy. In both cases the potassium carbonate and hydrocyanic acid 
react giving dinmonia and formic acid. C. L. Carey studied the absorption of 
carbon dioxide by gels of agar-agar, gelatine, and starch. . 

G. Gore ‘<1 fouml that silicon does not decompose carbon dioxide in 4e presence 
of water, and tlfW a mixture of silicon tetrsfluoride and carbon dioxide is not 
changed when passed through a red-hot tube. • L. Dovdri, C. Struckmann, A. John¬ 
stone, C. tlheltcf, W. P. Headdon, C. 0. C. Bischof, W. R. and R. E. Rogers, H. St. C. 
Deville, T. Dietrich, A. Cossa, A. Pavesi and E. Rotondi, R. J. MUller, etc., live 
studied the action of carbftn dioxide or aq. soln. of carbon dioxide on silica or 
silicate rooks— Utde thd silicates, H. Herbst found the gas»i8*not adsorbed by 
silicic acid. R. Bunsen studied the action on glasd of water charged with carbon 
dioxide under press. L. Pfaundler believed that a chemical action occurs, for, 
when a strong light is projected upoif a gb8s\ubc ^cd with compressed car&n 
dioxide near its critical point, the surface of the glass above the level of the liquefied 
gas is found to be corroded as though with hydrofluoric acid. It is thuj not im¬ 
probable that a chemical action, effected withm a few minutel undei*the influence 
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of a strong press, and intense light, can proceed slowly, tader a slight press, and 
iordinary daylight. H. Weil, and B. von Szyszkowsky found that idtrainaiine in 
Ihontact with soln. of Mium chloride charged with carbon dioxide gives off hydrogen 

e ide; 'and P. N. Raikow found that ultramarine is not changed after ^t has 
in (^pntact with carbon Jioxide for many hours. D. Gerasiiuoff studied the 
notion \)f carbon dioxide on alkali titanates. H. Herbst found carbon dioxide is 
not adsdhbed by wad, dried wood, paraffin, or spj^r. , 

F. Briegteb aad A.sGetthcri* observed that.carbon dioiide reacts witlf heated 
magne^um nitrm, producing cyanogen, carbon, and carbon monoxide. F. Wohler 
found that when a mixture ^f (hied ammonia and carbon dioxide is moderately 
heated, ammonium carbamate, NHj.COONH^, and at a higlier temp., carbamide, 
C0(NH2)2, “nd ammonium carbamate arc formed ; but, added R. E. Hughes and 
F. Soddy, if the two gases are thoroughly dried no reaction occurs. E. C, Baly 
and co-workfa-s studied the pjioto'synthesis of ngturallysocciirilng idtrogen com¬ 
pounds from carbon dioxide lind ammonia. ^E. Rengade found JiCli sodio- 
ammonium, NaNHs, below —50", sodijim carbamate, NIl2.t'00Na, is j)roduced. 
Similarly also with potasaioammoniut}>„KNH 3 . At a rather highirr temp., —10'’ 
to —5" with potaasioammonium, and —35" to - 25'’ with sodioarnnflmiuni.efiydrogon 
i.s liberated and the alkali formates are produced. F. Beilstein and A. Oeuther 
observed that with sodium amide, NaNJI.,, dried carbon dioxide forms cyanamide. 
The reaction has been studied by \V. P. Winter, and E. Drechsel; according 
to the latter, the reaction progresses in stages: EaNH.. | (fOj ■ NIl.>COONa; 
NHoCOONa -HjO-bNaONO ; and NaCNO-f NaNH2.-H.,0+Na2(.'N2. j. Dewar 
found that carbon dioxide and nitrous oxide, when li(jueHed, mix together in all 
])roporliona; and on reducing the pres.s., one liquid eva))oratea before the other, 
and gives a distinct line of separation. R. B. Moore liberated lutrogcn oxide from 
soln. of potassium nitrite, si^ium nitrite, and silver nitrite by carbon dioxide, 

E. R. Marie obtained a similar result with a soln. of potassium nitrite, D. Huizinga 
stated that carbon dioxide liberates nitrous acid frotn ammonium nitrite, but, added 
E. von (iorup-Bosanez, only if a trace of hydrochloric acid is present. L. Meunicr 
said that carbon dioxide does not liberate nitrous acid from sodium nitrit(j, but 
t). "Marie and R, Marquis claim that this is wrong becai^se (i) Purified carbon 
dioxide was passed into a soln. of sodium nitrit(^,containing potassium iodide aud 
starch paste; tho«ie,velopment of a blue colour indicafeid the liberation of iodine 
by nitrous acid; (ii) A soln. of twtassiunniodide and sodiiTfii nitrite produced no 
coloration iif chloroform, whilst a similar soln. sat. wi^h carbon dioxide caused the 
chloroform to become violet; (iii) A soln. of potassium iodide and starch was 
coloured blue by carbon dioxide which had previously passed tlTroU|/li a soln. of 
sodium nitrite ; and (iv) an aq. soln, of j3-naphthYlamine and sulphpnilic acid, 
which gives an orange-red colour with even traces of nitrous acid, gives'the same 
reaction when carbon dioxide is passed into a soln. of sodium nitrite. 

According to A. R. Leeds,!- moist phosphorUi) does not reduce caAon dioxide to ' 
the ^noxijlc, but it forma phosphine. J. H. Niemann found that liquid carbon 
dioxide is not affected by phosphorus. According to L. P. C'ailletct and M. Bordet, 
when a mixture of equal vols. of pho.sphine and carbon dioxide is tomifressed in the 
presence of water a white crystallimf body is formed without any gaseous reafdue ; 
the solid is a mixture of phosphonium hydroxide, and hydrated parbiJif dioxide; 
and it is not formed above 22'’. M. Berthelot said that when a mixture of phospbine 
and carbon dioxide is passed through a tube at dull redness, there is no evidence of 
the formation of'hjalrocarbons, and at a bright red heat; carbon monoxide and 
hydrogen arc formed ; while 6. Gore said that no carbon is produced under these 
conditions. T. E. Thorpe* and A. E. Tutton found that carbon dioxide does not 
. act on phosphonu trioxide jsither ^t ordiniry temp. or*when heated. According 
to J. Aewar, when a mixture of carbon dioxide and phosphoms trichloride is com¬ 
pressed i^t 16'2° and 42 95 atm. or at 23° and 46'91 atm., the gases liquefy—the 
carbon dioxide condenses first, and the liquids nyx together in a few minutes. At 
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30^ and 49-9i afin. the Arbon dioxide is less soluble in the liquid phosphorus tri¬ 
chloride than at lower temp. According to A. Barille, dry carbon dio^de 
act on dry caldum phosphate. He found that the metal phosphates m contec# 
with faster under press, behave like calcium phosphate and form carbonatophw-: 
phates {vh/e 3. 24, the phosphates of the alkalies and alkabne earths^ 

ammonium, and magnesiiinf. These all form hydrocarbonates. Tho othe^ P”®®' 
phates simply dissolve in the car(^)Qic acid without decomposition. F. K. Cameron 
and A. Hude// said thift the pre.sence of carbon dioxide^oes nol^ralfecl the action 
of wflrter on calcium hydrophosphate, but it raises the quantity^ dissojvqd ph(M- 
phoric acid in the easf of calcium dihydrophospbaffi, asid normal calcium phosphate. 
J. Davy said that wafer sat. with carbon <lioxidc under press, dissolves normal 
calcium phosphate ratk*r more than docs wafer alone-'i'jdt! calcium phosphates. 
E. Shepljprd obs(?rve(I no reduction of carbon dioxide to the monoxide when in the 
presence of leiTohs phosphate and exposed to ligjit. R. N. Horsft)rd, however, 
said that'a^iixturo of carbon dioyde, in the prestmcc of water, sodium phosphate, 
and ferrous sulphate, is reduced to carlwn monoxide in light or in darkness. 
H. Htruve has Slso studied fh«^ reaction. L. J. Henderson and 0. F. Black studied 
the equilA)riiim conditions ladween carbon dioxide, sodium hydrocarbonate, hydro- 
phosphate., and dihydrtjphosphate. D. (Jerasimoff investigated the action of 
carbon dioxiih' on the alkal* vanadates, tantalates, and columbat^. 

According t(» R. litwnz,'^ boron at a red heat reduces carbon dioxide to boron 
trioxide and carbon. ('. .Jones fouml that an excess of carbon dioxide in contact 
with the borates can slowly displace the boric acid. J. Davy observed no difference 
in the action of water sat. with carbon dioxide uinler preSvS. and of water alone on 
alumina. D. Gerasimoff studied the action of carbon dioxide on the alkali 
aiuminates, and tungstates. K. »Schwei7.er showed that carbon dioxide converts 
potassium chromate in aq. soln. into potassium dichromatc and carbonate. The 
reaction was studied by l^ Sabatier, F. Mohr, ('tc. A. Bach’s ol)8ervations on the 
action of carbon dioxide on soln. of uranium salts hav«‘ been discussed in connection 


with the action of light on carbon dioxide and water. The reaction has also been 
investigati'd by H. Euler, F. L. UsAer and J. H. Triestlcy, E. Mameli ard G. Pollacci, 
A. J. Ewart, etc. ^ ' 

«If. Davy,^* and .J. L. (Viy Lussjic and L. J. Thenard found that wheti heated with 
potassium or sodium, ^irl)«n dioxhle is reduced to carbon, and soflie alkali carbonate 
is formed. R. DrecliSel 8ai<i that smliqm, mixed with some calcined quartz sand, 
absorbs dried carbon dioxiije at 200'" and forms some sodium oxalSte; similar 
results were obtained with a 2 ])er*cent. sodium amalgam. H. Koibe and R. Schmidt 
found that if kojtt in a warm moist atm. of carbon dioxide for 24 hrs., potassium is 
converted into a nfixturo of j)otassium hydro^arbettate and formate: 2 K-f- 2 C 0.2 
+H 20 =kH(J 03 +H.t’ 00 K; M, Ballo girta 2 H 2 C 03 + 2 K=KHC 03 +H,C 00 K 
-f HgO. H. Koibe and R. Schmidt added that the yield of formate with sodium is 
less than with^otassium. A. Lichen found that 0'5 to 3 0 per cent, potassium and 
sodium amalgams, or barium amalgam with aq. soln. of carbon dioxid^, furnish a 
mixed soln. of hydrocarbonate and formate. Light had no influence on the 
result. Alco*holi(? soln. behave similarly. Small quantities arc also formed if 
phosphoric or sulphuric acid be present, but the amount of formic acid produced 
decrease8*'^ith incri’asiug proportions of the mineral acid. 0. Kippenberger, and 
A. Bach also obtained formic acid by the action of the alkali amalgams on carbonic 
acid. H. Moissan found tlfat calcium at a dull red heat reduces carbon dioxide, 
forming calcium oxide and carbon. G. Gore said that pota^ufli and sodium are 
not affected by liquid carbon dioxide. M. Thiloncr stated that liquid Cjarbon 
dioxide is decomposed by potassium, and L. P. Cailletet added that liquid carbon 
dioxide is not reduced by sodium olf sodium amalgam, but that some sodium 
hydrocarbonate is formed owing to the presence of a trace of mobture in the liquid. 
H. Limpricht stated that at a dark red heat copper reduces carbon dioxide to the 
monoxide; but A. Penot observed no reduction either at a bright red heat or at a 
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JuU ted heat when purified copper was used; reduotiofi ocauired if th^copper con¬ 
tained a trace of iron or zinc; while, according to A. Schrfitter, copper decomposes 
^rbon dioxide at a bright gcd heat only when hydrogen is present. E. Lantemann, 
0. L. Erdruann, and G. Neumann hg,ve made observations on this subject. Accord¬ 
ing to M. Thilorier, copper is nfit affected by liquid carbon dioxide. * 

9. Baririnion found that magpesiom at a red heat 1)urns with incandescence in 
ftirbon dioxide and catbpn is formed. F. Kesslcf isolated the carbon by washing 
the products)! tlm rcacfioigwith dil, nitric acid.' U. Winkle*said that luhchof the 
carbon reacts wi(^the carbon dioxide forming ca'rbon monoxide, which is ther^fforo 
a secondafy product of the re|ctign H. K. Kllis found that the amorphous carbon 
contains'jnuch graphite. The reaction has also beefi discuteed by V. Wartha, 
H. Creticr, tthd T. L. Phipson, .According to K. Brunner, magnesium powder 
burns on solid carbon dioxnle producing a grey cake which, when treated with dil. 
hydrochloric atid, leaves black flecks of carbon. According to MsBallo, S.'Kappcl, 
and G. Gjprgis, magnesium dissdlsres in a soln. of carbonic acid with the awolution of 
hydrogen and the formation of magnesium carBonate which dissolve? as hydro¬ 
carbonate in the excess of the. soln. A. Lieben found that a littlf^formio, acid is 
produced by the action of an aq. sofn. of carbonic acid on magnesiiini with or 
without the addition of traces of acid ; II. J. H. Fenton'obtained formaldehyde as a 
result of this reaction, and the yield was conaiderablyrincrcased in the presence of 
feeble ba.ses—like ammonia, aluminium hydroxide, aniline, etc. A. Lieben obtained 
formic acid as a result of treating an aq. soln, of carbonic acid with magnesium in 
the presence, of sodium phosphate, ammonium carbonate, or potassium sulphate, 
an<l baryta-water ; be also found that zinc reacts with carbonic acid like magnesium, 
and that platinized zinc does not reduce carbon dioxide either in alkaline or am- 
moniacal soln. According to M. Thilorier, zinc is not affected by liquid carbon 
dioxide. H Jahn found that moist carbon dioxide is reduced to the dioxide when 
heated with zinc-dust. N. T. dc Saussure said that in the presence of mercury the 
liassage of electric sparks through carbon dioxide produces mercuric oxide with the 
separation of carbon. W. von Bolton found that mercury vapour in the presence 
of moisture separates some carbon from carboi* dioxide, J. D. van der Plants 
Sitidied the vaporization and surface tension of mercury in an atm. of carbon 
dioxide. N.aWendcr found that moist carbon dioxide at * high press, has but a 
very slight actiongm aluminium. A. Guntz anif A. Maithon found that, as a rule, 
finely powdered aluminium is only slightly affectwl when luftted in carbon dioxide, 
but the commercial powder often becomds incandescent under theitli conditions, 
and some aluminium carbide is formed. If a traije oftiluinininm chloride or iodide 
is present, the conversion to carbide is more or less complete. A. liicbon found that 
aluminium behaves like magnesium towards carbonic acid, and with aluminium 
amalgam in the presence of alkali Salts, small quantffies of formates ait qirodncod. 
K. Brunner found that aluminium powder burns on solid carbon dioxide and gives 
a dense graphitic carbon. A. Guntz found that finely divided manggnese burns in 
carboy dioxide, forming manganese oxide; E. Muller and H. Barck showed that some 
manganese'earbide is also formed at 800°. The solubility of lead in water is decreased 
by carbonic acid. The subject has been investigated by G. MUller 

F. Clowes, E. Eeichardt, C. Guldensteeden-Kgeling, G. A. Barbaglia and P. Gucci, 
S. Buzicka, G. von Knorre, etc .—vide lead. According to M. Thilorici* kiad is not 
affected by liquid carbon dioxide. N. T. do Saussure observed tfiat when iron is 
heated in carbon dioxide, ferrous and ferric oxides arj formed and carbon is pro¬ 
duced. G. Tissanditr also noted the formation of carbon monoxide. J. B. A, Dumas, 
and J. Braithwaite diade some observations on this subject; and P. Sabatier and 
J. B. Senderens said thatjiarbon dioxide is not perceptibly reduced by iron between 
, 3So° and 450°. M. Thilorier said) iron is mot affectedt by liquid carbon dioxide. 
According to G. Besseyre, hydrogen is given off in the, action of carbon dioxide and 
water <yi iron, if air be excluded, and ferrous carbonate passes into soln. If the 
excess of carbon dioxide be removed and air has access, ferric hydroxide separates 
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from the soln. C.'vjb Hauer, 0. Krohi^e,' P. Petit, and J Eotte and* 
F, W. Hinrichscu have studied this subject-t# iron. I. L. Bell noted that carbon 
dioxide is soon rcduded by finely divided nickel at a ijull *ed heat; and, »dd^ 
P. Sabatier and J. B. Sciiderens, no appreciable reduction occurs between 230 
and 4fiO°. I. Langnuijr observed no spluttering of ptetinum, or 
wires in carbon dioxide at 1300^ but with the latter it began at 1400°. T^Erfich 
found that the spluttering of iri^um in carbon dioxide increases with tie nse of 
t^mp.,find tbk more rapidly thib’in a mittiirc of oxygen and mtro^n; and ne 
suggested that the action involvcd'thc oxidation and deoxidating,of indium, dCOj 
-pIr^JrO,-f4CO. , 

Carbon dioxide reacts irt'th many of flic mctai ondes and nyflTOXlqCS, term¬ 
ing carbonates—e.//, the oxides or hydroxides of the alkalies and alkaline earths. 

F. K. Cameron and If. 0. Kohiuson i’> studied the action on metal hydroxides 
of carbon dioxidg under press, at 0". Ked-hot stannous oxide was found by 
A Wagijer, to reduce carbon diSxidc to the niontikide; and when a ni,ixture of 
ferrous chlwide and .sodium earhoiiatc is heated to rediie.s8 in a stream of carbon 
dioxide, some carbon nionoxidc is formed.* L. Gruner found that ferrous oxide is 
transformed in^y ferro.soterric oxide when Heated in a stream of carbon dioxide, 
but there is no separation* of carbon. F. Forster studied the action of carbon . 
dioxide on lead Oxide. Acnording to W. F. Chaiming, enough heat is developed 
by solid potassium and sodium hydroxidds in contact with solid carbon dioxide, 
to inllamc gnn-cotton ; there is no rise of temji. with barium, strontium, and 
calcium oxides, but there is with the coire-spondiug hydroxides. No perceptible 
heating cccuns with lead, zinc, and copper oxides, hut there is a slight heating efiect 
with the hydroxides. E. Gilchrist investigated the use of solid sodium hydroxide 
a.s an absorbent for earlion dioxide in mine re.scue apparatus. R. Dubrisay 
studied the neutralization of earhonic acid by sodium hydroxide. According to 
L. P. Uailletct, liejnid carbon dioxide reacts with potassium carbonate, forming a 
complex which remains in soln. |) 08 sibly as potassium pyrocarbonate, K 0 CO 5 CO 2 . 

With our present knowledge two carbonic acids appear possible. Ottho- 
carbonic acid corresponding with C(OH)j, or H 4 CO 4 , is not known, although some 
orthocarbonates are known—c.g. ethyl orthocarhonate, C(OC 2 Hr,) 4 , was prepaied 
by H. Bassctt.i® E. I'.'ilke considers it probable that aq. soln. of ca-bon dioxide 
cohtain orthocarboiiic acid. The ordinary carbonates are rea^y metacarbonates 
derived from metaC8^koni6 acid, C0(0H)2, so that metacarbonic acid is the first 
dehydration product of orthocarboiiic • acid. The so-eallcd formic aeid may be 
regarded as a derivative of metjicarbonic acid made by replacing one hydroxyl 
group by hydrogyn; 
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Metacarbonic acid is a weak dibasic acid, and it furnishes a series of hydrocarbopates 
in which the group HCO 3 acta as a monad radicle, and a series of normal carbonates 
in which the ^roup COu acts as a dyad radicle. The constitutions of carbonic acid 
and each of these types of salts are usually lepucsented : 
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The metacarbonates also furnish some complex salts. The individual carbonates 
are discussed in connection, with the nintals. Jr F. Armand discussed the general 
problem as early as 1804. The carbonates are all decomposed by treatmenb with 
the mineral acids, although the native carbonates of magnesium—magnesite, and 
dolomite—and of iron—siderite—do not effervesce with the Sold miueraf acids; 



(SARBON 78 

but il the carbonate be powdered or the acid be warnled, •dissolution ^adily occurs, 
and carbon dioxide is evolved. The carbonates of the alkalijje earths are sparingly 
soluble in water, and whjn an aq. soln. of a hydroxide of one of these earths is 
exposed to the action of carbon di(Vtide, the soln, becomes turbid and a voluminous 
precipitate of the carbonate il formed in the cold. The precipitate soon bicomes 
cdinpact and crystalline when the liquid is warmed. Wmc-water or baryta-water is 
'therefoR used in the detection of carbon dioxide./ If a small quantity of a carbonate 
is being tested, the mijctiije is warmed to drive 7,ne carbon dioxide into tlie reagent; 
and a non-vol^le acid—sulphuric or phosphoric acid—is used for the (Jecom- 
‘positioh bf the carbonate so/is tP avoid a volatile acid being carried along with the 
carbon* ^ioxide, and preventing the formation of a precljiitafe. According to 
J. L. Lassatgne, baryta-water is rendered turbid by a sojn. of sodium carbonate 
containing one part of carbon dioxide in between 40,000 and 80,000 parts of water ; 
and a sensibla precipitation occurs with lime-water when tig! propertion of water does 
not exceed 20,000 parts of wat‘into one of carbon ifioxidc. According toaf. d. Welter, 
and C. L. Berthollet, lime-water actually dissotves a little carbonatc ,*80 that the 
bmo-water employed for the qualitative teat should be digested for«8omc time with 
calcium carbonate. If an excess of carbon dioxiile he passed through Uie soln. of 
lime-water, the precipitate redissolves, and the liijuitf becomes clear. This is due 
to the formation of soluble calcipm hydrocarhonate: CaCOj-f COa-f-HoO 
=Ca(HC 03 ).j. If this .soln. be boiled, the hydrocarhonatc is decomposed, the carbon 
dioxide escapes, and the calcium carbonate is rcprecipitatcd. Similarly, if lime-water 
be added to the soln. of the hydrocarhonatc calcium carbonate is precipitated, 
('a(HC05)2-hCa(()H)2=2CaC03-h2H20. 

Unlike sodium carbonate, sodium hydrocarhonatc does not give a precipitate 
with magnesium sulphate, and hence 0. Patcin recommended this reaction as a 
distinguishing test for hydrocarhonatc and carbonate. M. von Pettenkofer 
detected free carbonic acid in the presence of hydrocarbonates by means of a soln. 
of one part of rosolic acid in 500 parts of 85 per cent, alcohol, and adding baryta- 
water until it begins to acquire a red tinge. 0'5 c.c. of this soln. will remain red if 
no free carhpnic acid bo present, and it will beigmio colourless or faintly yellow if 
• fii-e carbonic acid is present. According to F. M. Perkin, carbon dioxide and hydro¬ 
carbonates liberate hypochlorous acid from soln. of hypdfchloritcs. On adding a 
soln. of the substt^ice to be tested to a mixed soln. of potassium bromide and bleach¬ 
ing powder, bromine is at once liberated should the substarib* be a hydrocarbonate, 
and may be dissolved by shaking with 2'c.c. of chloroform. Normal carbonates 
have no action. T. Salzer recommended using Nesslef a reagent (4. 31, 26) as a test 
for free carbonic acid or hydrocarbonates, because if thfse substances are present, 
the ammonia reaction does i^t occur. According to L. Dobbin, the rragent can 
also be used to detect fixed alkali hydroxides in the presence of the* fixed alkali 
carbonates, for the former alone give a brown precijiitatc. The test is not reliable 
in the presence of sulphides. The great avidity of sodium hydroaide for carbon • 
dioxhfe may be illustrated by several ingenious experiments. One of the simplest 
is to colleA a cylinder of carbon dioxide over mercury and then pipette some sodium 
hydroxide soln. under the edge of the cylinder. The sodium hyitoxide rises to the 
top of the mercury, absorbs the gas, and the mercury rises in the cylinder aecotd- 
ingly. Potassium hydroxide is better suited as an absorbent fof casbon dioxide 
than sodium hydroxide, because when a gas charged with carbon * dioxide is 
bubbled through a wash-bottle the exit may become choked with solid sodium 
hydrocarbonate f the sodium hydrocarhonatc is less soluble in water than potas¬ 
sium hydrocarbonate. Soln, of sodium hydroxide are largely employed in 
analytical work as absorbents for carbon dioxide. If air charged with carbon 
ifioxide be drawn through a^soln. rtf sodiumdiydroxidc in a weighed wash-bottle, .the 
inenmse in weight represents the weight of carbon dioxide absorbed by the hydroxide. 

If the /rol. of the air be known, the amount of carbon dioxide in that vol. of 
sir follows «t one#. Similarly in gas analysis, the amount of carbon dioxide is 
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determined fjom the contfaction in vol. which a given vol. of the gas sufiers aftei 
the gas has been in cqjitact with sodium hydroxide. 

The carhon dioxide in carbonates can be determined gravimetrically by th» loss^ 
in weight consequent on the evolution of the gas displaced by an acid. Something 
approaching three hifhdrcd portable instruments nave been described for tUs 
purpose. The gas is absorbfsd by alkali-lye as indicated above and weighed, *or the 
gas can be, absorbed by a stand^'d soln. of baryta-water> the remaining'baryta-' 
water c4n then be titrated with a ji,andard"soln. of an dfcid,using^pheflolphthelein 
as indicator. This enables the amount of baryta carbonated 4^ be computed, 
and hence the quantity of carbon dioxide absorbeal. ,This process was dhvised by 
M. von Pettonkofer m 1857. 0. Warburg showed that warm soln. of'barium 
hydroxide absorb carbo* dioxide far more rapidly than cold soln. 

Physijflogical action of carbon dioxide. —Atmospheric air contains 0 03 per cent, 
of carbon dioxide,%nd tlw air of crowded halls may,have as much as>0'5 per cent, 
without ebujing any appreciable effect. According *0 L. Hill,'^ when the proportion 
rises to 3 per cent., the breathing becomes djejier and faster, and the pulse becomes 
fuller and faster; 4 per cent, produces unpleasant [lanting, and diminishes the 
power to Work; 7! to 7 per pent, causes distressful panting; 10 per cent, produces 
violent panting, throbbing of the arteries, and flushing of the face ; and 25 per cent, 
may cause death in aniinaliTafter exposure for several hours. The respiration of 
dangerous mixtures of carbon dioxide and air arc attended by a feeling of heaviness, 
giddiness, noises in the ear, tightness across the chest, and an inclination to sleep. 
The muscles then lose their power, and the individual if standing falls to the ground. 
There then follow asphyxia, coma, stertorous breathing, cyanosis—possibly con¬ 
vulsions and delirium—and death may ensue if the victim be not rescued. 

According to J. S. Haldane and co-workers, the air witMn (he lutvjs normally 
contains about S'ti per cent, of carbon dioxide; when this reaches about 8 per cent, 
dizziness and loss of nu'inory occur, with higher percentages there may be loss of 
consciousness, but no immediate danger until the ])roportion exceeds 20 to .30 per 
cent. Recovery is rapid and complete. L. Hill found that diving under water, 
or holding the breath as long as possible, may raise the carbon dioxide in the air 
in the lungs to 7 to 10 ner cent. A temporary rise of 3 per cent, is thus quiteCa' 
natural phenomenon. Tip! organjsm may ac(|iiiro a certain tolerance'for the gas 
and breathe air contaminated with an amount of carbon dioxide which would be 
noxious to thy imtraiifc^ organism, J. 8, Haldane and co-workers showed that the 
oxygenation of the blood helps to drive oil the carbon dioxide, while the*deoxygena- 
tion of the blood hcli® the absorption of carbon dioxide so that the exhalation of 
carbon dioxide by the lungs is to a large extent dependent on the taking up of 
oxygen. , i 

Poison'ing by carbon dioxiclc is probably a misnomer in that the lethal effects 
are due to a deficiency of oxygen rather than to an excess of carbon dioxide. Carbon 

' dioxide asphyria may occur in coal mines from the presence of choke damp generated 
by explosions and gob fires; in deep wells, cellars, e.xcavations, and underg^nnd 
passages ; in brewer’s vats; and in the neighbourhood of lime-kilns andlirick-kilns 
in operation.' 

' The equilibrium between carbonic acid end bicarbonates in the regulation of 
the reactidnii of blood has been discussed by H. Friedenthal, and L. J. Henderson, 

K. A. Hasselbalch and C, Lundsgaard found that the H -ion cone, of blood is about 
0'0(441V, and is subject to slight variations, decreasing as the blood passes through 
the lungs and increasing during the greater circulation. ‘K. Spiro and 

L. J. Henderson have discussed the change of distribution of the ted blood 
corpuscles and plasma as the tension of the carbonic acid changes: 

Iff' ' ‘ 

As tihe blood passes through the tissues it receives carboiAo acid» and the vol. of tljp red 
oorpuaoles increases owing to the entry of water from the plasma; chlorine simultaneously 
passes in the same direction; and other changes occur. In the lui^ with the egcape of 
carbon dioxide, the process is reverse!^. In eWh complete cycle of me circftlation* there 
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(wcun a complete cycle of changes between the constituents* of the corpnotee and the 
plasma. • , 

^ Tie effect of carbon diifeide on micro-organisms has been discussed by C. Nourry 
and C. Michel,!* etc.; on ferm»r%(lon by L. Lindot,'® G. Foth, etc.; and oi» plant 
seq^ byf. Becquerel, S. Jentys, etc. 

, The jUies ol carbon dioxide.— Carbon dioxide ^ is largely used in the preparation 
of the so-ci^fled artificial mineral waterj ; and-im impregnating beers, witjes, etc. 
Carbon dioxide fc used *!*in the manufacture of carbonetled beverages, where it 
improvas.the appearance, and imparts to them sparkle and “ life.” It is sSid to 
have a marked stimulating effect on the olfactory and gustatory nerves, accentu¬ 
ating flafouis, and making the senses more delicately perceptive. It also has a 
bactericidal action in keeping down the bacterial counts of carbonetted beverages. 
The gas is used in packing certain food products where flavoiys and odours are 
liable to be spoiled -presumaWj owing to the ojddation Sf certain coi^titueuta, if 
packed hi air. It has also been recommendedi in the storage of fruits. Carbon 
dioxide is substituted for air in the atrh. of the freezer in some systems of making 
ice-cream. It is used in manufacturing various carbonates-;-?.^, white lead, 
barium carbonate, sodium hydrocarbonate, etc.; iu»the ammonia-soda and the 
cryolite processes for alkali carbonates; and in th% precipitation of aluminium 
hydroxide in one process for the pnrifcation of bauxite. Liquid carbon dioxide 
is used as a refrigerating agent, and it has several advantages over ammonia and 
sulphur dioxide. There are many other applications—liquid carbon dioxide has 
been used for hardening steel, extinguishing fires, raising sunken ships, etc. Carbon 
ilioxidc is u.sed in sugar works for removing lime from the limed sugar-cane juice. 
Liquefied carbon dioxide in cylinders is used as a decentralized source of press, over 
iitK) lbs. [ler sq. in. Carbon dioxide is used as a fire extinguisher in closed spaces 
where it acts by excluding oxygen from burning bodies; or by diluting the air. 
It is used as a mild irritant and stimulant on the respiratory centres; for local 
refrigeration; and as a cauterant. It is used in the rubber industry for filling 
the air-bags which support tyres in the |)rocess of vulcanizing. It has been 
, rijpommendetl for removing extremely hard and Adherent boiler scale. 
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§ 37. Hard and Soft Water ^ . 

Water comes very near to the “ universal solvent ” of the* alchemists’ dreams. 
Hatural water holds carbon dioxide in solu., and when suali water comes in contact 
with magnesium and limestone rocks,‘some mJy be dissolved.' Water holding 
magnesium and calcium salts in soln. is said to be hai^ The term is applied oft 
account of the difihoulty of obtaining a soap-lather with such water. Sojp is a 
compound of sodium with a fatty acid. The soap is deoompoJed by' magnesium 
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or caloinm salte. The fatty acid unites with the latter t* form an iisoluble curdy 
precipitate. This action continues until all the lime and ^nagnesian salts have 
w)cen»precipitatcd. Any further addition of soap at once produces a lather, and the 
soap can then be used as a clransisg agent. If a soln. of soap of definite strength 
and a dQpmte vol. of water be employed, the hardness of a ^iven sample of water 
btf represented in terms of the amount of soap nequircd to produce a lather. 
The hamness of water dihus refers to the “ soaj^destroying power ” of the water, 
and it is eJpre^ed in4defree3. Each iajm of hardness corresponds with d)ie grain 
^/calcium carboitmte, or its egnimlent in other calcium or magnesium salt^, per^aUon 
of Hardness is also MpKssed in parts of calcium carbonate, or its eq., per 

100,00(7 .parts of water. Waters containing but srnall qflantities of lime and 
magnesian salts lather freely with soap, and they are accordingly called soft waters. 
A water less than 5° hardness may be called “ soft,” and a water between 18° and 
20° hardnesses “ moderately hard,” and if over J0° hardness, “Very haril” Very 
soft waters are liable to attack Wietals like lead, zinc, and iron. • 

The process of removing salts froqj hard water is called softening the water. 
In T. Clark’s lime process for soltqping water the necessary amjunt of milk of 
lime or lime-water is added to converl, all the acid carbonates of crlcium and 

magnesium into the normal carbonate.s. We have ^lere the curious jiarndox_ 

“ add lime to remove lime.” Tlic Ijieory of the Action is summarized in the 
equation : C'a(HC 03 ).,-)-Ca( 0 Il) 2 =^ 2 t'aC 03 + 2 H 20 . M. R. Herrie and F. M. Gleeson 
showed that in the progressive addition of lime-water to hard water, tlie hardness 
decreases uniformly .so long as the chemical action between the lime and the salts 
in the water takes place. Wlieii this action is complete, the water is at its 
minimum hardness (7°, Fig. .I.')), and any further addition of lime-water increases 
the hardness and the alkalinity of the water. Kxpressing the amount of lime 
added to the water in Ihs. of lime per 10(X) galls, of hard water; the hard^ 
ness in c.c. of standard soap .soln.; and the' alkalinity in c.c. of O'OflV-acid with 


phenolphthalciii 
were: 

as indicator, tin* results 

with a 

natural water 

of 20° 

hardness 

^ Limo . 

0-0 

0 52 1*57 

2 02* 

2* 01 

3*14 

4*20 

5*25 * 

Uardnotw 

20’0'^ 

17‘5^ 12*5° 

7*5^ 

7*0- 

7*5° 

13*5" 

10*6® 

Alkalinity . 

0 

0 0*8 

0*30 

• 

0*36 

'^0*43 

0*75 

1 1.*^ 


Hard water ifiay he wholly or jiartially softened bw boiling. That part of the 
hardness so removed is termed temjiorarj hardness; the dSgree of hardness which 
remains af!er prolonged boiling is called permanent Itardness. Temporary hardness 
is due to calcium and magnesium hydrocarboilates; permanent hardness is due 
to the presence of calcium and magnesium chlorides or'sulphatA. 'fhcrc is also a 
kind of “ pseudo-hardness’•due,to the in.solubility of soap in watvr containing 
sodium chloride. The so-called irtarine soaps are used for such waters. After 
removing the temporary hardness, if ))rc8ent, by boiling or by T. Clark’s lime- 
process, the permanent hardness may he removed by the addition of sodium car-’ 
bonnte— Ahe soda process. The sodium carbonate precipitates the calcium and 
magnesium as insoluble carbonates: CaSOj-l-NajCO,—CaCOj-fNajSO,. The 
water still contains sodium sulphate and sodium chloride, but the* presence of a 
small quantity of these salts is ^ot usually objectiouable. M. B. Herfle and * 
F. M. (fleeson showed that with the progressive addition of soda-ash'tjie hardness 
of water rapidly diminishes to a minimum (11°, Fig. 56), and the chemical action 
between the s(^a-ash and the salts of the hard waWr is complete. Further addi¬ 
tions of soda-ash‘produce no change on the hardness, but merely increase the 
alkalinity. Expressing the hardness and alkalinity as before, but expressing the 
amount of soda-ash adfled as Ib^. of soda-ash per KXX) galls, of hard water, the 
resqjts with a natural water were; * • 
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• 

1*85 

2*00 

2*25 

2*48 . 
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It followB? therefore, that the addition of lime toWd water produced a mimmum 
hardness of 7° by presipitating some of the soluble salts producing hardness due to 
calcium and magnesium; the other salts of these elements still in soln. are remove 
by soda-ash but not by lime; similarly, the*addMon of soda-ash prMuced a, 
minimum hardness of 11° by precipitating some of the salts producing Jiardij^ss 
due to calcium and niagncshim; the other salts of these elements still m soln. are^ 
removed by the addition of linuAbut not by soda-asli. -By adding both reagents 
in proper proportions -'the so-called SOda-fime process-^ncarly ai? the salts pro-. 
’ ■ ' ' ' Tills is illustrated by Fig. 66. »* 



Kills. 


Change nf Hitrtiiu'iw and Alkalinity of Naiuml Water with Additions of 
Lime, and Soda-ash Sepiiratoly and Consecutively. 


The processes used for softening potable hard water may thus be suniniarised : 
(1) Distillation ; (2) lioiliiig ; (3) The lulilitioii of lime witli or witliout soda-ash or 
other clieniiciils ; anil (1) The permutite proee.ss - ivi/e alkali aliiiiiinosilieates. The 
Report of till' Rivers I’olliition l'oniims.sion classitied uiipolliilcd water as is shown 
in Table X.XVl, wliieli represents tlie average of a number of analyses of each type. 


t 'I’abu: \XVI. AvAiraou CoMrosiTioN oe UM-or.t.ijTKi) Natural W^rioRs 
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1 0 070 

0-015 

0-029 

0-003 

0-042 

0-822 

0-4 

0-5 

0-9 
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0-032 
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4-3 
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43-78 
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0-495 

0-622 

6-11 

15-8 

,9'2 

*26-0 

28-20 

0-05(5 

0-013 

0-001 

0-383 

0-39(J 

2-49 

11-0 

'-■5 

18-6 


Boiler Swtle.--Thc furring of kettles, and the formation of boiler scale, is due to 
the precipitation of calciimi and magnesium salts. Boiler scale is a poor conductor 
of heat, and hence the cflieicuey of a boiler which lias scaled is seriously impaired. 
The boiler scale and the metal have different rates of contraction and expansion by 
heat. If the water in the boiler gets low, and the metal overheated, the scale may 
separate from the metal. If cold water now runs into the.boiIer, the scale quickly 
cools, contracts, and cracks.^ Water plus's through the cracks on to the hot metal; 
a large volume of steam is generated, and the sudden pressure may be great enough 
to burst the boiler. Hard water in steam boilers not only produces boiletj scale, 
but it may corrode the boiler shell, and cause foaming and bumpifig. The corrosion 
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kd pitting of boilers is usually'produced by soft wateta from swampy districts 
bich contain organic acids in solik ; by water from mining districts containing 
ineokl acids in soln. (e.g. gnlphuric acid from the oxidation of pyrites); and by 
ater containuig magnesium or calcium chlorides and nitrates. A great,many 
ostrums for preventing boiler’scale and corrosion have heed proposed. In some, 
ie*water is treated before it enters the boiler; in others, the water is softened in 
be boiler itself. Whatever agents be used, theyfmust be cheap ; eas^j' applied ; 
icld no acid wh^ used ; tnd precipitate the salts which make the water hdrd in a 
locculent powdvS condition easily blown from the boiler. Among the eomiuoner 
^gents ire*: sod\um or calciu^i hydroxide, and sodium carbonate discussed above ; 
.'sodium aljiminate, NaAlO^, which acts as represented*by the* equation: 2NaA102 
i+CalHCOjla’i^HjO-NujCOaf 2 AI(OH) 3 -j-Ca 0 O 3 ; sodimp fluoride which acts: 
2NaF4-Ca(HCO.|).j--- 2 NaHC 03 -|CaF..; normal sodium phospliate whijh acta : 
2Na4P04-f3C;aS64'=3Na.3803-U'a3(P04)2; etc. , . • 

* * a * 

There Sre iiunioroas works 8|x'eiivlly dealing wills the punfieution of water for Ijoiler 
and domestic purposes ; a.g. S. and K. KidisW, ITntrr SitpphcH, Their Ptirijieatuiil, FiltnUion, 
and Stenlization^ London, 1014 ; J. Don aiul J. Chisholm, Modern Mclhods of Water Parijira- 
tion, J.ondou, 1013; W. W. Christie, Water: Jt» Punjkation and Um in the iiulmtriee, 
London, 1012; VV. P. Booth, Water Softening and Treainiettt, Lonilon, 1020; F. Fisehor, 
Jta» H'ussrr, Istipzig, 1914, , 

Hard water in nature. —Water highly charged with dissolved calcium bicar¬ 
bonate may be dripping through tlie roof of a cave, or snbtttrranean cavern, Home 
carbon dioxide escapes from the soln , and a certain amount of calcium carbonate 
is deposited. Each drop adils its own little share of calcium carbonate. The deposit 
grows —maybe on the roof, when it is calh'd a stalactite; maybe on the floor, when 
it is called a stalainnitc. All depends upon the time occupied by each ilrop in gather¬ 
ing and dropping. The .stalagmite grows upwards from the ground, and the stalactite 
grow.s downwards, like an icicle, from the roof. In time, the two may meet and 
form a pillar. Fig. 58 couvey.s but little idea of the beauty of some limestone 



Flo. 68.—Stalactites and Stalagmites in the Yarrangobiiiy Cave#, N.S.W. 

caverns in which jtalactitcs and stalagmites have been "growing. The photograph 
shows stalactites, stalagmites, and pillars which have no doubt been formed in this 
manner. The San Filippo spring (Tuscany) is said to deposit lime at the rate of 
12 inches a month, and the "spring has formed,a bed of limtstone rock 250 feet thick, 
"IJ mil^ long, and J mile widh. The building stone called travertine (Tiberstone) is 
probably a limestone deposited from a mineral spring. The Colosseum and much 
■ of ancjjtft and modeigi Rome were built with this stone. 
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Ueference-s. 

• • 

‘ M, R. Heirle and F. M. Glcenon, VUm. Mr!. Ungif., 22.269, lg20 : T. Qark, A umfrocmfog 
jntrifying the mlm nupplied to Ike Metropolis by the exhtjTig water companies; rendering such water 
muck hjler, prevtnXimj a fur on boiling, separating vegetal and colouring matter, destroying 
numerous water insects, (ml withdrawing from solution large quantities of sedid matter ntt sepambU 
by mere filtration, London, 1841*; Chem. (laz., 5. 100, 1847 ; Pham. Jonm., (1), 6. 626, ll47; 
L. J. le (JlaiL Technics, 3.523, 1005; \. K. Stromeyer and W. B. Bftron, Proc. Inst. Mech. Engf, 
773, 1008 : T>. H. KiUepiicr. Journ. IndfHmj. Ckmn., 15. 016, lOfl. ^ 


§ 38. ^ercarbonic Acid and the Percarbonates 

Die l^alur oiniger Perrurbonato iat heute noch nicht einwaadfrei gekliirt.—C F. von 
G1R8KWALU, • • * 

• • ^ 

Guided^ analogy with the persuli>ha^ 8 , E. J. Constani and A. von Hausen ’ 
sought to prejUara a scries of percarbonates.^ They assumed that the ionization of 
the nornHil carbonates takers place in stages, and that when cone. sola, are electro¬ 
lyzed, the ions MCO;/ formed in the first stage of the ionization will accumulate in 
the anode compartment, iflid there unit^ to form a jiercarhonate, 2MCO3'-f20 
"M2(-y)e, as in the analogous case of the persulphates, 2MSO4 f2(t)--M2S208. 
It was necessary to work at low temj)., but under that comlition sodium and am¬ 
monium carbonates have too small a solubility, and the soln. are too dil. to give the 
desired result. The e.xperiment, however, was .succes.sful with jmtassium and 
rubidium carbonates. When a sat. aq. solu. of potassium carbonate is electrolyzed 
and the temp. coj»timiously diminished, the anodic evolution of oxygen becomes less 
and less, and at — 10 '^ has practically ceased; simultaneously a bluish solid, 
potassium iwrcarbonate, is formed. There is generally a marked odour of ozone 
at the beginning of the electrolysis, Imt this disappears in a short time. 

W. D. Brown thus appliod K. J. Constmii and von Huiuion’s prucwja : A porous col! 
of 200 c.c. 1 ‘apacity was pincod in a’eylindrioal voHse! of such size that tlio outer or anode 
spai'o had a miiacity of 150 c.o. In tho porous cell was the cathode of nickel gauze andlhe 
cethodo soln. of 2U-40 pef coni, potaasiuin carbonate. Around tho porous call, in the cone. 
Holn. of potassium oarbonalo, a plJtinum wire was wound as a spiral. The whole was 
immersed in a mixture rf ict ami common salt, wiiich brought tho t^mp. down to —16“. 
A cone. soln. rf potassium ourbonato, at 15"'^has a sp. gr. of 1'650. On lowering the temp, of 
this soln., no r.rystallizalion tajtos plac'e; but if tbo salt be impure, or if crystuMization takes 
place on lown ing the temp., tlion, OMMissiug u euTRmt, nocrystalsof potassium iiercorbonate 
are formed. It is necessary <0 have a high anode density and a low cathode density. This 
was attained by having the* nickel gaui© cathode and platinum wire anode. The was 
0-0346 enp thick and 48 oins. long, making an anode (lurfaife of 0 05 aq. dm. Witli a current 
of 3 amps. at. about 10 volts, and a current density of about 150 amps, per sq. dm., the soln. 
was heateil too much and potassium hydroewbonato was formed. On shortening the 
anode wire {oZ-k cms., and passing a current of li amps., the current density remained the 
same, and a niasa of blue crystals of the percarbonato, floating on the anode soln. was 
obtained. E. J. Conatam and A. von Hansen found that if the electrolysis is commepiid at 
~ 15®, with a (!onc. soln.,tho yield is not much affected by small variations of tomp.-^ideed, 
the temp, may rieodto 0® without seriously impairing the yield. If the cone, of the electrolyte 
fall8<)©low sp. gr. 1-52, a rise in temp, diminiahes^the yield. It is preferable gradually to 
lower the^qpip. as tho electrolysis proceeds, owing to the decrease in the cone, of the soln, 

' The p«ca»bonati is very sohibte in water, and to get a deposition of solid porcartonate it 
is nec<«3ary to keep flio anode liquor sat. with respect to potassium carbonate. This is 
* done by continuously runninj^ through a funnel a cone. soln. of potassium carbonate to the 
bottom of the anode compartment, and allowing the lighter electrolra:e4 liquor to overflow. 
Hiifl liquor carries tho suspended solid percarbonate which is then collected on a vacuum 
Alter. At -10® with a soln. of sp. gr. I -56, a yield of 25 66 per cent, of percarbonate was 
obtained with a current density of 0-6“2-0 amps, per sq. dm.; 4>ut when the current densitj 
rose to 60 orojM. per sq. dr*., the yield rese to 85-15 per cent. F. Salzer found that ihi 
yield was considerably diminished by platinizing the anodfe, for this increases the surioo 
and decreases the current density; tlie potential of a smooth anode is greater than tba 
d a platinized one. Iron, nickel, copper, and silver anodes were found by A. von Hanae 
to be unsatisfactory. F. Salzer found that the presence of hydr^yl ioni or of hydrt 



CfARBON 83 

. • • 

arbonates diminiahed the yield. The sky-blue, hygroacopio ^K>ta88ium pdl-carbonate so 
>repared is dried by spreading it on a porous plate and exposing it So a current of air ; the 
prap.^raay be raised to 40* t^^ards the end of the drying. The product contains 87-93 per 
W. of percarbonate. A. von Hansen said that the product cannot be purified by re- 
[rystallisation from water, but it may hb purified by digestion with an excess of a eonfi. soln 
d Mtassigm hydroxide at —6* to —10* for some time; the percarbonate is then washed 
vitB aloohol to remove the hydroxide, and the dried product has 96 to 99 per cent, of per 
BrbonatSh E. K. Riesenfald and 6. Beinhold claim td have made a 100 per cs^nt. product 
}y the electrolysis of a cofc, soln. of pstassiun/ carbonate containing 82-6 ^ms. of 
<iC 09.2H20 per lOO grifia. of water at —30* to —40*. P. Lami has alM described the 
j|ectrolyJic^preprj.^.|ion of this salt. * 

Accoiding to E. J. ConstSm and A. von Hansen, ^otassiJm percarbonate is a 
hygroscopic sky-blue powder, whieb, when dried, loses alyiost all its colour aud 
ippears white. Analyses correspond with the composition K 2 C 204 . The dry 
lalt is fairly stable ; there is a slow decomposition : 4 K 2 C' 20 g= 4 KjC 03 -f- 4 C 62 -|- 202 , 
but if moist it soon decomposdS* 2 K 2 C 20 o+ 2 H 2 f>== 4 KHC 03 -|- 02 . When gently 
wanned the salt decomposes: 2 K 2 C 20 e= 2 K 2003 -t- 2 (J 02 -i- 02 , but t 8 o reaction 
is completed only above 2tX)''. The salf dissolves in ice-cold water almost without 
decomposition, but at ordinary temp.—particularly between 45* and 50°—it 
decomposes with the evolution of oxygen. It is assuited that the first action is 
the resolution of the percarbonate into hydrogen diaxide and hydrocarbonate: 
K2E208-1-2H20=2KH003+H202, so that the oxygen is derived from the decom¬ 
position of the hydrogen dioxide in alkaline soln. The rate of^decomposition of 
the ammonium salt furnished W. Biltz and W. Halil constants in agreement with 
a unimolecular reaction, although other methods of calculation corresponded with 
a biniolecular reaction. The value of the constant changes with the cone, of the 
soln. The mechanism of the reaction, like that with ammonium nitrite, has not 
been established. The salt is but sparingly soluble in alcohol. With dil. sulphuric 
acid there is a quantitative yield of hydrogen dioxide : K 2 C 20 e-l-H 2 S 04 =K 2 S 04 
-|- 2 C 02 -fH» 02 . The acid soln. bleaches potassium permanganate: 6 K 2 C 2 OS 
+ 8 H 2 S 04 + 2 KMn 04 =-- 2 MnS 04 + 6 K 2 S 04 + 8 H 20 -i- 10 C 02 + 502 . The strength of 
potassium percarbonate as an oxidizing agent caiv thus be determined by titration 
lyitji a standard sulphuric acid soln. of permanganate. A dil. aq. soln. of potassium 
hydroxide, egen at — 2 *, forms potassium carbonate aSd hydrogen dioxide: 
K 2 C 20 e-|- 2 K 0 H=^ 2 C 03 -|-H 202 . The hydrogen dioxide rapidly deeomposes in 
the alkaline soln. For a cone. aq. soln. of potassium hydroltilc, tiwfe supra. The 
oxidizing prqperties of potassium percarbdbate are illustrated by its converting 
lead sulphide to the sulphate, ferrous to ferric.salt?, and stannous to stannic 
salts; decolorizing indigo-blue, and bleaching cotton, s^k, wool* The reducing 
properties of the salt are illqptrated by its action on silver oxide, manganese 
dioxide, and lead dioxide, when the ba^bonates of the respective metals ar* formed, 
and oxygen is evolved—e.j. K 2 C 206 -fFb 02 =PbC 0 s-l-K 2 C 03 -f 02 . It can be 
regarded as potassium perdicaibonate, and is probably constituted: - 


K0.C0.0 

KO.CO.O 




In general, said P. P. Treadwell, pot^sium percarbonate in aq. soln. behaves jike 
hydrogen dioxide. Sodium dioxide acts mote quickly than potassium pejearbonate 
on chromium sulphate; the former with manganese sulphate gives a’browa precipi¬ 
tate of manganese dioxide, while the latter gives a small quantity of the brown precipi¬ 
tate, but much m^pganese carbonate which is immediately converted to the brown 
dioxide when sodium* hydroxide is added. The percarbonate liberates iodine from 
hydriodic acid. According to E. H. Riesenfeld and B. Reinhold, when a solid 
percarbonate is added to a cone, nputral solp. of potassium iodide, iodine is itp- 
•mediately set free. This is "taken to show that hydrogen dioxide has not been 
formed because that compound liberates iodine very slowly from potassium iodide ; 
if, however, smIu. o^the percarbonate be used instead of the solid salt, the amount 
of iodine set nee decreases with the length of thne the soln. of percarbonate has 
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been kept before it was aVded to the potassium iodide. This is because the salt in 
soln. is gradually dccotnposed into potassium hyflrocarbonate and hydrogen dioxide. 
There has been a controversy between E. H, Rieaenfcid and R. Reinhold; 
S. M. ITanatar, and R, Wolllenstein as to the validi(jv of potassium iodide as a test 
for distinguishing the 'percarbonates from carbonates containing hydrogen dios;ide 
of crystallization. R. Willitstattcr, and E. H. Kiesenfeld and W. Man so'disfin- 
guishedjths persulphatcs from siSpjiutes with hydrogeiijMoxide of crystallization, 
and it is inferred that the analogous rcactioius valid with *ie oarboip.tcs.' A. Monnier 
found that percarbonates give a reddish precipitate with a dih sob. o{ tj^tanou? 
chloride ; no precipitation oa coloration with a 0'5*pentcent. alcoholic soln. of benzi¬ 
dine ; and a blue coloration with a soln. of potassium dichromatc acidified with 
suljdiuric acid —mlc perborates. 

E. >I.tConstain and A. von Hansen prepared rubidium percarbouate, Rb2C20(j, 
in a manner analogou.i tif the pol«s.sinni .salt; the jy-operties of the two salts were 
similar. Tley did not succeed ip ohiaining tho'solid sodium percarbouate and 
ammonium percarbouate, altlnjugb lliesf» salts were probably present in soln. 
Similar remarffh apply to E. II. liieseTdeld and R. Keiidiold’s attempt to isolate the 
correspoifiling lithium percafbonate, sodiinn percarboimte, rubidium perdicarbouate, 
and ceesium perdicarbonat^. H. Schwedes prepared sodium percarbonate by 
passing carbon dioxide into a paste mad* of sodium dioxide and alcohol. The 
residue appears as a white flocculent mass with 50 per cent, of the percarbouate. 
H. Wade treated sodium carbonates with hydrogen dioxide in jiresence of a 
limited quantity of water ami of sodium chloride for salting out the product. 
The use of calcined sodium carbonate is advantageous, and so is the pre.sence 
of negative catalysts- sodium silicate or magnesiiun chloride- as shown by 
F. Noll. Ka.sanezky dissolved .5 gnus, of freshly prepared ammonium carbonate 
in 40 c.c. of 20 jier cent, hydrogen iicroxidc, and the soln., after cooling in ice, was 
mixed with 5 c c. of aq, ammonia sat. at . The addition to the liijuid of 2 -3 
vols. of alcohol then gave a white, crystalline preeijiitate of a salt having the 
constitution Nllj.O.O.CO O.Nlli, 21104). The salt is rcadilv soluble in water, by 
which it is almost completely dectmqio,sed into hydrogen jieroxide and ammonium 
carbonate. M'. Ililtz lyul \V. (laid found that the (lecrmqiositiou of unimomuui 
pSrearbonate may be rcpseseutcd»as a unimolecular reaction. “ 

In 1899, 8. M. Tangtardouiid that when a soln. of sodium carbonate is dissolved 
in cold 3 per cent, hydrogen pcroxidc,^nd the soln. treated with alcohol, a white 
crystalline precipitate is obbined. After washing with alcohol and ether, and dry¬ 
ing over sujidiuric acid, the prdllnct has the conqiosition Na 2 t' 04 , 4 Ho 0 , or the 
alternative Na2Cl);j.H202'.JH20. Against the latter formula. 8. M. Tanatar urged 
(i) that tho' heat of decomjiosition of a ,',A'-soli) b)*,’,A'-nitrie acid is 7 ‘21 to 7’26 
Cals., whereas that of an aq. soln. of sodium cilrbonate is 5'33 (tals.; and (ii) that the 
partition coeff. of hydrogen dioxide between ether and aip soln. of sodium carbonate 
shows that the carbonate unites with 30 per cent, of the hydrogen dioxide. The 
argument, however, is inconclusive in distinguishing between a percarbpnate.and a 
compound of sodium carbonate and hydrogen dioxide. E. H. Kiesenfeld and 
W. Mau showed that (i) ether will not extract hydrogen dioxide from E. J. Constam 
and A, von Hansen’s salt, but it will do so fro3i S, M. Tanatar's salt; and (ii) there 
is no libei^lion '.rf iodine when the latter salt is added to a neutral soln. of potassium 
iodide. It is therefore inferred that S. M. Tanatar’s salt is not a true percarbonate, 
but is rather heniihydrattid sodium pethydioxycarbonate Na 2 CO 3 .H 2 O 2 .iH 2 O. 
When the salt is heated over 100“ it gives oil oxygen and water,)hitbio carbon dioxide. 
It dissolves in water with the absorption of 3'9 Cals., and the aq. soln. forms hydrogen 
dioxide and sodium carbonate. With^acids, it^elds cafbon dioxide and hydrogen 
dioxide; but with hydrochloric and hydriodic acids the halogens arc set frw. 
Salts of the alkaline earths and the metals give unstable precipitates which develop 
oxygen and form carbonates. 8. M. Tanatar made sodium sesquipetRydrox;- 
CUbonate, Na 2 C 03 . 4 H 202 , usingetwice as much hydrogen dioxide ad he employed 
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■ in making the salt N 82 C 03 .H 202 *.JH 20 . He symbftlis(<l it Na 2 CO 4 .IH 2 O 2 .H 2 O. 
The two salts are alike in appearance and properties. S. Jf. Tanatar made the 
potassium salt K 2 CO 4 . 3 H 0 O in a similar way. The product was contaminated with 
a little potassium carbonate, and is probably dihydrated potassium perhydioxy- 
carbonate, K 2 CO 3 .H 2 O 2 . 2 H 2 O? P." Kasnnezky obtained heaiibydrated potttssium 
dipeihydtozycarlmnate, K 2 CO 3 . 2 H 2 O 2 .IH 2 O, by mixipg one molar proportion of 
yotassimn carbonate wifjh five molar proportions of 2.5 per cent, hydrogen dioxide, 
pr by mixing Mtassium ♦hydrocarbonate with a tenfold excess of 30 per cent, 
hydrogen dioxi^^and precipitating the salt with alcohol. The product consjpts of 
thonibi* ^irisms mixed with nmnoclinic prisms. It is resolved into potassium 
carbonate and hydrogen diSxide when dissolved in*water.» P. Kasanezky also 
, made potlssium triperhydroxycarbonate, K 2 CO 3 . 3 H 2 O 2 , by^adding 7 5 c.e. of 25 per 
cent hydrogen dioxide to a gram of the preceding salt, and treating the jiroduct with 
alcohol. Th^ salt dissolves in water with the cvolutio^j of onygen. I?. Peltner 
prepared rubidium triperhydrOifyearbonate, RbjCtlj.SHaOi, or Eb2CO4.2H2O2.H2O; 
hydraterf rubidium diperhydroxycarbouBte, Rb2C03.2n20.f.H20, or 
Rbo(,' 0 ,.H. 202 . 2 H 20 ; and sesquihydrated rubidium perhydjoxycarbouate, 
RUjCOj H 2 O 2 .IIH 2 O, or Kb. 2 (' 04 . 2 JH 2 ib by dissolving one molar proportion of 
rubidium carbonate in one, two, or three molar |)roporttons of 30 per cent, hydrogen 
dioxide soln., and snificient water to obtain a clear sirin. on adding alcohol to the 
cooled soln., those .substances are precipitated in the form of while, crystalline 
solids ; they are all very hygroscopic, and evolve oxygen on being ilried in a vacuum, 
but if kept dry they do not turn yellow. The dried substances evolve more oxygen 
on moistening with water. P. Kasanezky dissolved 5 grins, of freshly-prepared 
amnioiniim carbonate in 40 c.e. of 20 per cent, hydrogen dioxide, and, after cooling 
in ice, mixed the soln. with 5 c.c. of aip ammonia sat. at 0°. Tlie addition to the 
liqiiiil ot 2-3 vols. of alcohol then gave a white, crystalline precipitate of hydrated 
ammonium perhydroxycarbonate, (NIl 4 ) 2 C 03 .H 202 .H 20 , which he regarded as 
having the constitution (NlfiljCO,. 21120 , or (Nll 40 . 0 ) 2 C 0 . 2 ll 20 . The salt is 
readily soluble in u’ater, by which it is decoin|)osed into ammonium carbonate’and 
hydrogen dioxide. ^ 

« « K. Wollfeikstem and E, Peltner projiared a number of perearboiiates by the 
action of carbon dioxide on .sodium dioxide or on sodium*!iydroperoxide obtaii^cd 
by the action of a mol of sodium ethoxide on mifl of hydtogen dioxide, and washing 
the precipitate with alcohol. It is claimed tliat the product^are true pcrcarbonates, 
and not inprely carbonates with hydrogen dioxide of crystallizatiiTii. The first 
liroduct sesquihydrated sodium permonocarbopate,*Na2C04.ipi20, is obtained 
by triturating in a dish cooled by a freezing mixture, 38 grm.s. of s^iunsdioxidc with 
.50 grins, of ice, and then posing a slow current of carbon dioxide through the 
mixture wliile it is being stirred. “TJni mas.s becomes musliy as wated ie split off, 
anil 38 grins, more sodium dioxide are added in small jiortions at a time. The 
current of gas is .stopped when the increase in weight i.s 44 grins., or, according to < 
E. H. Riesciifeld and VV. Man, when a sample of the liquor requires twice as much 
hydrSchlofic acid for neutralization with methyl orange as indicator as it docs with 
phcnolphtlialein as indicator. The unstable salt is washed with^alcokol and ether, 
and dried in vacuo. The salt slowly loses oxygen in the desiccator, and decomposi¬ 
tion is complete in a couple of months. If 18'75 grms. of freshly prejtgsed sodium 
hydroperoxide are mixed with 5’2 grms. of water and the mixture co?led by a freezing 
mixture while it is treated with carbon dioxide until ^he increase in weight is 6’8 
grms., a salt is obtajped whose composition corresponds with Na 2006 .H 20 . Accord¬ 
ing to E. H. Riesenteld and W. Mau, it i.s doubtful, however, if this formulation is 
correct. Its behaviour towards a neutral soln. of potassium iodide is related with 
tUat of Na 2 (J 04 as that of Na 2 C 20 (.H 202 isitelated witU that of Na 2 t' 20 (). Hence, 
the e»lt is regarded as sodftim perhydroxypemonocarbouate, Na 2 C' 04 .H 202 . By 
analogy with the formula of permonosulphuric acid, HO.SO 2 .O.OH, the constitu¬ 
tional formula of the permonocarbonate is given as NaO.O.t.'O O.Na. H. Bauer, 
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E Merck have rfescribfti analogous procJsas for making the percarbonates,* 
F Noll eShasiaed the importance of removing metal compunds present as , 
^- ® r%ralvti alJv in decomposrng the per-salt. £. Merckpre^are^ 


tenmn peraonomtote /g prepared the salt in 

“■ ■* ‘ 

is obtained by mixing 2 to 3 grnm. of sodium dioxide with 

alcohol, and passing carbon dioxide into the welbstirred mixture, at O'*® » > " 

5 or 6 bra. or imtiltthe stdn. no longer reacts alkaline towards phenolphthalem. 
The mus.s of glistening crv.stals is washed with alcohol and etber, amf dried m 
air for a short tinn* on a porous plate. The analyses corresponded with 
Na..(t 05 .J('.dfr,OM- and, if moist sodium dioxide is used to absorb the carbon 
dioxide, the crvstals ofitnined ^lave the coinponiKon Na20,i06.1H20. Again, if 

6 c,c. of SOVer cent, hydrogen dioiide are added to the mixture before the treatment 
with carbon dioxide, or stirred with the Inixturc after the absorption of carbon 
dioxide js complete, crystals are obtained corresponding with JSaHL^. 
E. H. liiesenfeld and W. Mati showed that the behaviour of the salt towards a neutral 
soln, of potassium iodide aorresponds with the assumption that the product is 
sodium perhydroxyperdicarbonate, Na.d 'uflc.HatL. They also prepared potoium 
perdicarbonate, KjCoOc. by the above jirocess using potassium dioxide, absolute 
alcohol, anil carbon liioxide. This salt has the same empirical composition as the 
salt obtained by E. . 1 . Constam and A. von Hansen. The two compounds in soln. 
or in the solid state react dillerently towards a neutral soln. of potassium iodide, 
and they are therefore isomers. The sujiposed constitutional difference is illustrated 
by the formula': 


KO-CO (I 
KO-CO I) 

1'] J ('oiiftam aii'l A vtm lliiii-tfirtt 
Halt. 


KO.O CO. 
KO-CO 


>0 


U, Wi)lll('iisl('in and K. I’cUiicr’A 
Halt, 


Th(“ following percftTbonic acida aro oxidizod carbonic acids: 

' ,().0H ,0,011' O.OOOH O.OO.O.OH O.Ct^.O.OH 

,"V(1.()H O.fO.Oll O.OO.OH * O.CO.O.OH 
1I,C0, • ll/'o. IJji'sO, ll.i'iO, HaCjO, 

as well as the derivatives HO.f'O.p.f’O.D.OH, etc. The alkali salts of ILjCO^ and of 
HjCliOn in its tji-o isomeric forms have been prepared. The alleged derivatives 
of iVOr,—namely. NajttQs.FLO-and of H.dy)^ -namely, Na2C207.H20—are 
prnbablytsUts of the lower oxidized percarl^of.io aciils with hydrogen dioxide of 
rrystallization. The simpler problems eoniiected with the imrcarbonates are not 
definitely settled. Even the evidonee on whieli the distinction between per- 
carbonates and addition oompounds of hydrogen dioxide and the normal carbonates 
is based, is inconclusive. Free percarbonic acid baa not been isolated. Ai' Bach 
claimed that it ejn exist in ethereal soln. at a low temp., for if a soln. of 0'5 grm. 
of solid phosphoric acid, ether, and a few drtjps of water are, added to 2 grms. of 
potaesiuns .percarbonatc, there is a violent reaction. At hen the ethereal soln. is 
poured off, and treated with an alcoholic soln. ol potassium hydroxide, a bluish-white 
precipitate of potassium pijrcarbonate is formed. This is taken to show that the 
ether held percarbonic acid in soln. R. Wolffen.stoin and E. Reltner, however, 
deny the alleged facts. 

The above terminology is based on that usually employed for the persutphates ; 
E. H. Riesenfcld and W,.Mau suggested calling the derivatives of H2CO4, mo.w- 
v^oxycarbonates, and those of H-jOaOn, monop^oxydfearhomtes. R. Wolffenstein 
and E. Peltner called Na2C,.0e, sodium dioiide dkarbotuUe; NaaCjO,,^ sodium 


trioxide diearhomte, etc. 
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remo^^Z “ photography Tmdjr the name antaypo for 

»bl«2 V ; it has been reoo'mmenS for 

permonwarixSe “‘Rations m some apalytioal processes. Sodium 

l^epr:;mShX^»drx1dk' dbinfectant. and in 


RKFfKBNCBS^ 

Slt0I2*^’»«iw i’W/wfc™., 3. 137, 1897 ; 0,r,mn Pal, 1) R p 

W. Mau,**Ar ’ 44 3580 3595 I'tl /** V 'h*^*?^* li’ and 

• B. “srierit'w rn'T''"'!? T,-* 

t^jrariOW P iZf K '“^*.4 “'•"t’’' * <'*'•• '■*•. M 5 ,M, leis, aSr! 

55, ]912- M io RJftnr nnrt p 7 «iil, v t’. /, ’ ^ SaltA, London, 

/V, .Ve. 20m. 1923; ^"'• 


§ 39. The Sulphides ol Carbon 

c:,s, i>y^rjuiintTZ>lI)horoM7ulplS^ SZZ7 7“«''‘®do»«(pA>d<', 

with carbon <li*u phi, o. Hi, ZTt„Zo “f ‘'“’ “'"W,) matUira 

sulphuric acid; aiul to bo at^«l vloST: »« «> oonc, 

was mentioned by F, Ck^ment ar^ T iff ha. ^ ^ warrn nitno acid. A similar sulphide 
to have made coion S^iv S “ 

The brownish-rod product, in soluWo in alkalf’lvsf.m ? * ” «odmm on carbon disulphide, 

alcohol, or ether It i, ZT to j&r r^oT"'"’ 

O. I.a«w reported the formaHon^Zs ’ “"“t decomposable at 150’. 

by diileatin* the product of tho act/on of uhZhornZ'i'’ u™. '’■d‘s™W"' 7 ,*ide, e,.S„ 

or sochuni amalgam on carbon disulphi^^witb co^ ““d, or of aodium 

into the soln.—keeping the ammonia in excess TKao?*’! 'ddorino 

with sodium sulphite, washing with hr# wntc ^ho product was purfOed by digesting it 
brown powder has no smoll -^it is decomZ^ l alcohol, and finally drying.* Tlio 

-lifihtlyZluble in eZb:n"il,d.Zl7ndKt::W :ZS'h““‘" “ 

of baryta water or potaah-lve formti fi>n maxts.i ^ by''oifnonla. A boilmgsoln. 

it to an acid which fonns an easily soluble barium" “i^oxalato. Nitric acid oxidizes 
salts. - C. Ldwig &VS the Mid '**’"■'"*‘5'“'““"''’“d and silver 

acid. TTtsindrViSCfSthitTaZ'W^ (COSH),-,«ssibly thio-oxalic 

and they may be impure nolvmSM^ k"*'* definitely established, 

A.StofleIatJbutoth 3 pliu^&Id coStTh"“^^ u'*' “d 

do not decompose at 1000°; 'Oiey sav that in “f’”“ sulphides which 

and uMtes withthe carbon. formC^XSidfs^ble m L‘ 

such sulphides with 2.03 and 3-5 perrant S rnlnh^m h /' '''‘l>““‘ ““de 

at dOO'ilOOH- nnder^edueed prZ. “ l*^” *’5^ heatmg sugar-oharcoul and sulphur 
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B von Lemel prep»red 'carbon ditritasulpiide, 0382 , by boiling purified and' 
dried’carbon disulphide in a reflux apparatus ;vliile the ™P<»tr exposed to an , 
electric arc maintained between two carbon poles for wo.or three hoars, the infeno^ 
of the apparatus becomes blackened, and a black substance is found suspended m 
the Iwwd If this is filtered off, a cherry-red liquid i! obtained which has s remark-^ 
ably strong odour, ami produces great irritation of the eyes. This liquid is allowed 
to stand for 6 -« days over metallic copper to remove f«ee sulphur, and is them 
evaportftetf by moans of a curront (Jf dry air. A deep rCl li^quid thus left which 
has tjio composition QiSj. A. Stock and P. Priitorius prepared/pe compound by 
passing carbon diaulpliidc through a heated quartz tube, the most fe^urabW 
temp, being l(XiO'’-lfO(l'’: cUrbon is deposited in the tube at the same tnne, and 
diminishes the yield of^ditritasnlphide. If the quartz tube is filled with a spiral 
of iron wire, tlic formation of ditritasulphidc takes place below 800°, but it soon 
ceases owing to the formation of iron sulphide. They also found that the com¬ 
pound is foniied, along with many by-products, whcgi^n arc is struck between carbon 
or metal eilctrodes; under liquid tarbon disulphide the disintegration of the anode 
exposes fresh,%liot surfaces continually to the carbon disulphide. Iron, copper, 
and aluminium electrodes gave no ditritasulphidc, whilst electrodes of arsenic, 
hismutli, lead, tin, antiinolly, cadmium, or zinc yielded the, required compound, 
large quantities of tile metallic sulphides being formed at the same time. The best 
results were obtained with a carbon cathode and an anode consisting of antimony 
mixed with 7 ]ier cent, of carbon. The, brownish-red soln. obtained is filtered, and 
then shaken with mercury and jihosphoric oxide to remove, sulphur and polysnipbides 
and water. A .soln. of carbon ditritasulphidc in carbon disulphide is thus obtained, 
from which by distillation, finally under a high vacuum, the pure substance is 
obtained in a receiver cooled to —40° as a yellowish-red solid. 

Carbon ditritasulphidc at ordinary temp, forms a bright red strongly refracting 
liquid ; B. von Lcngycl found that it evaporates in the air very slowly, and its 
vapour has a nuxst vigorous action on the mucous membrane, a very small trace 
causing violent catarrh. Placed on the skin, it merely produces a black spot. The 
sp. gr. of tlie, liquid is 1'27389. According to A. Stock and P. Priitorius, the m.p. 
is —0'5 ’. Tlic viip. density corresponds with the formula C 3 S 2 ; so also does Iho 
nv)l. wt. in carbon diiSilpliide; and, according to B. von Lcngyel, dhe mol. wt. 
by the f.p. method in benzene soln. A. Stock and P. I’riitor^.s consider carbon 
ditritasulphidc to bcifiie anhydride of thiomalonic acid, since, when treated with 
aniline, it readily forms tliiomalonanilitle. Uenee, its constitution is, represented 
S : C : C ; C: S. This sulphific is.t licrefore analogous witli carbon ditritoxide (q.v.). 
When heated, the dit ritasnlphide is converted into a hard, black mass with the same 
percentage composition, and which is probably a folymeridc. When the liquid 
is rapiillyheated to 101) -P20", this change taji^ place, with explosive violence, but 
oei'urs graduallv when it is gently wanned. A. Stock and P. Priitorius found that 
the [lolymerization at 90° is a reaction of the second order, and has been observed 
by measuring the diminution of press. The reaction occurs on the surface of the 
containing vessel. B. von Lengycl observed that the polymeride. is fcAmed when 
the liquid is preserved for a few weeks, and its formation is in all eases accompanied 
by the iiroduction of a little, carbon disulphidi. The liquid can be distilled under 
dimini 8 ho.ltpress. at 60’-70°, hut a portion of it is always converted into the solid 
modifieatfon. The liquid substance is insoluble in water, in which it sinks, but is 
readily soluble in alcohol, etcher, chloroform, benzene, and carbon disulphide. From 
a cone. soln. in the solvent last mentioned, the solid modifieatioiv is deposited, but 
a dil. soln. is more stable. According to A. Stock and P. Pfatorius, the alcoholic 
soln. deconqioses after a short time. Dll. soln. in carl^on disulphide are salmon- 
coloured, more cone, soln,, yellowishdirown; .above 1 per cent. cone, the sOin. 
gradually depo.sit black, polymerization products, even in the dark; soln..below 
1 per cent. cone, are stable in the dark, but not in the sunlight. Carbon disulphide 
soln. have no action on copper or mercury, but are decompoted by the sulphides 
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of these metals, owing, probably; ?o the formation of adijitive produjts. B. von 
Lengyel found that the ditritasulphijlo burns with a luminous, smoky flame, carbon 
Ipd splphur dioxides being formed. Aq. potassium and sodrum hydroxides give 
almost black soln., in which acids produce black precipitates, whilst alcoholic potash 
acts vigorously and yields a deep brown soln. A drop of conc.'Sulphurio acid Smses 
vioftnt hissing, and the whole mass is converted into the solid modification. Cone, 
ifltric acid causes ignition, whilst a more dil. acid dissolves the liquid, neither carbon 
dioxide nor sulphuric fcicf being formed. The solid modification is hJrd,*ha3 a 
fine, granular fr^nre, and is insoluhle in water and all ordinary solvents. ,Aq. 
jfotassiriln* hydroxide dissolves ij completely, and it appears to be precipitated 
unaltered on the addition of a^ acid. When heated. itTlocoini*oaes, with the forma- 
ition of sufphitr, which sublimes, and a gas which contains sulphur, but is not carbon 
disulphide. A. Stock and P. Priitoriiis found tliat the black polymerization product 
is not affected by water, sodium hydroxide, hydrochloric,aeid, or chlorinh water. 
Heated in a vacuum it gives’i^rbon disuliihide and a black residue ovhich still 
contains 59 per cent, of sulphur. When hroininiJ is added to a soln. of the liquid 
tricarbon disulphide in chloroform, heat is evolved, and a yellow precipitate 
produced ; this is carbon disulphohexabromidc, CaSoBro, which has an,aromatic 
odour, and is insoluble, or only very slightly soluble, in all solvents. Under 
similar conditions, a yellow jirecipitate is jirodiiccd with chlorine, but not with 
iodine. 

There has been a number of reports of the preparation of the sulphur analogue 
of carbon monoxide, CO, namely carbon monosulphide, CS. In 1857, for example, 
A. Baudrimont claimed to have made this compound as a colourless gas smelling 
like ether, (i) by passing the vap. of carbon disulphide over red-hot pumice-stone, 
or platinum sponge ; (ii) by deeom|iosing the .same compound by heating it to red- 
ne.ss with carbon or hydrogen: (iii) by heating antimony.snijrhide with an excess of 
carbon; (iv) by the action of carlion monoxide (jo hydrogen sulpliide at a high 
temp.; (v) by the action of sulpliur dioxide or ehloride on methane at a high temp.; 
and (vi) by the action of lioat on sulphur eyanide. .1. K. Persoz claimed that ho had 
prepared tliis compound twenty years earlier tlnyi A. Baudrimont. M. Berthclot, 
•L.sl’layfair, and A. llusemann showed that A. Baudrimont’s observations are pro¬ 
bably wrongs H. Buff and A. W. Hofmann did not obtaifi the alleged compoupd 
by the aclion of gn electrically heated .spiral, nor did A. W. Hofmann obtain it 
by the action of induction sparks on the vaj), of carbonTlisuHrhide ; and B. Itathko 
did not. obtain the monosulphide by piissitig the vapour of thiocarbdnyl chloride, 
CSCI 2 , over heated copper. . * 

0 . Loew stated that the gradual Ui'composition of carlion diaiilpbide, exposed 
to direct sunlight, is attended ^y the separation of noMd aifhmhetitilrisulphtde^C^Si, 
and the excess sulphur remains di,s.?ol.ved in the carbon disulphide. T. Sklot found 
that carbon monosulphide is formed when carbon disulphide is e.xjiosed to sunlight. 
The deposit on the walls of the vessel was washed with carbon disulphide. It is 
a red^ powder of sp. gr. 1'65 ; without taste or smell; and is insoluble in water, 
alcohol, tiftpcntine, or benzene. It colours dil. nitric acid red and is inflamed by 
the cone. acid. A boiling cone. soln. of pota.s.sium hydroxide dissolves it, forming 
a dark brown soln. from which the njonosulphide is precipitated by adding an excess 
of acid. The monosulphide decomposes at 200° into carbon and 8ulphur;>and when 
heated with sulphur, it forms carbon disulphide and colourless crystals frhich were 
not investigated. According to J. Dewar and H. 0. Jones, the product obtained 
by T. Sidot was^a polymerized form of carbon monosulphide. S. Kern claimed to 
have made carbon nfbnosulphidc by allowing the disuljdiide to stand for a long time 
in contact with iron wire; iron disulphide is simultaneously formed. S. M. Losanitsch 
^ ahd M. Z. Jovitschitsch found that when oarbon disulphide is decomposed by.the 
silert electric discharge in The presence of hydrogen or carbon monoxide, what is 
supposed to be carbon monosulphido is formed: CSj-fH^^^HjS-fCS, and 
CS 2 +CO=COS- 1 -OIB. J. Thomsen said that when nitrogen sat. with the vap. of 
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carbon disulphide is passed itpeatcdly over heafed copper, the copper removes some’ 
sulphur from the carbon disulphide, leaving cajbon monosulphide. ^ 

J. Dewar and Iff 0. Jones found that thiocarbonyl chloride reacts rapidly ^ 
ordinary temp, with nickel carbonyl (y.n.): ?!C8Cl2^wNi(CO)4=«NiCl2-f‘4reCO 
■f (C8)„. The niekclf hloride can be extracted by water, and a brown solid remains. 
The analyses agree with The reaction takes place, although less rapidly, at 
—20°, and the same result is obtained when the reacting substances 8re,^88(jvad 
in dry, ether, light petroleum, carbon tetrachloride, cf chloroform.. Even when 
the reacting liquids are carefully dried over phosphoric oxide, th/carbon monosul¬ 
phide is still obtained. The purification of the substance is* rendered 'difficult 
by the fact that it iigtains water and thiocarbonyl chloride with great persistence. 

To remove these ns far as possible, the product obtained after extracting frith water, 
was dried at lOtf, and flam at 1 .W° or 200°, under reduced jiress. The finely divided 
substanse had a sp. gr. of about TO; after compre.ssion into a solid block, the value 
1 83 was (yitained. The mol. Aol. is therefore which is about 10 per cent, 
grater than the sum of the at, voi. of its constituents. Carbon monosulphide is not 
altered by dil. sulphuric acid, but with the hone, acid it gives a purplish-brown soln., 
the colour of r^ich is slowly destroyed at tbh b.p. when carbon dioxide, and sulphur 
dioxide are evolved. Whendlie purplish-brown soln is poured into water, unchanged 
carbon inonosulphide is precipitated. It is dissolved by cone, nitric acid at the 
ordmary temp., giving a red soln. the cdlour of which is only slowly destroyed 
on heating. It dissolves in aq. or alcoholic soln. of ammonia, ammonium sulphide, 
and potassium hydroxide, sulphide and hydro.suljihide, giving deep brown soln 
from which acids precipitate the carbon monosulphide unchanged. When heated 
in a good vacuum, no change takes place below 360°, except the liberation of a small 
quantity of hydropn sulphide; at a low, red heat, carbon disulphide is formed 
according to 2(CSh-x(.-fj.(',S2. When heated in a current of dry hydrogen 
hydrogen sulphide is evolved; when heated in dry chlorine, sulphur is evolved! 
Owing to Its non-volatihty, it seems probable that the red substance obtained by 
monowipffid™ sunlight is also a polymeric form of carbon 

Carbon inonosulphide is formed when sodigm, 
Sffiph.de IS heated with ah oroform at 180°, and when silver sulphide is heated with 

nlo Te e 'n i'y‘>wg^ffi'>ybringi.4l5grL, of sodiur; 

nffwifb of carbon disulpSde. Agasisgiven 

£ Warn! ^ com,.cition of carbon monosul],hide; itreadily burns with a 
aid!lT, i “Iphcro"*' anhydride. The gas is very readily absorbed by 

toerS* Wb " •’ ",''"y/"'““'c liquid, the constants of which have not been 
de e mined. When n,i.xed with oxygen and ignited, it explodes violently. J, Dewar 

to the ilisi'lpliiilc vap. at low press, is subjected 

iritfLdrn*! ‘V'l 'Ifliargc, in an ozonixer, it a,.pears to be decomposed 
i^tV T ““ "iinoiiulpbidc. When thogas fdt- 

aXhZ U^passed through a tube cooled by liquid air, the mono- 
sulphjde IS condensed along with the, unchanged disulphide. If the condensing 
tube 18 reqayved from the liquid air and its tci^.. allowed to rise, the monosnlphidf 
Hymerizos with explosive violence to form the brown, solid substance, (CS).. 

The explosive properties of the product from the ozone tube are, not due to the 
-S“and*m^Turth!.“ffi disulphide and it is formijd »t temp, between 

I b-‘ '’‘8*'“ ‘'‘"P' IiiTi-cwnce of excess of 

carbon duffiphide yap., the gaseous monosulphide appears to be fairly stable 

passing the product from 

fi Jb f tube immersed m boiling snlplftir, or even thr^gh a,short. ' 

length of red-hot tube. A beam of light reveals no solid particles in the gas. If 
the gas IS cooled in one tube at -120° followed by another at -J86°, il^is separated 
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into two parts—a white crystallintfsolid which melts #nly,when the temp, has risen 
to nearly 0 °, collects in the first tulje; the substance which (rives rise to the brown 
^olidjioes not condense at —120°, but is collected at —185°. xhc product from the 
ozonnser is completely destfoyed by passing through 10 cms. of a red-hot tube loosely 
packed with asbestos; it is also absorbed, destroyed, or caused to polymerize bjA:ocoa- 
nubch%rcoal, either at —78°, or at 250°, or at the ordinary temp. When passed over 
finely shredded rubber fome of the carbon disujphide is.removed from the gas. 
The ozonizar product is llestroyed by.fincly-divided platinum, nickel,* or* silver; 
ferric oxide (noft^nitrSl), yellow mercuric oxide, silver oxide, and barium peroxide 
react with it, giving suljdiides.^ Solid potassium hydroxide, silver nitrate, lead 
acetate,,and sodium peroxidi have little or no actioif Nitric acid and cone, sul¬ 


phuric afSid firing about dcconipo.sition. Mixtures of carbon disulphide vapour 
with hydrogen, nitrogen, ether, methyl iodide, or chloroform have no effect on the 
phenomena o^bserved. The vap. of thiocarbonyl chloride, etfiyl thioc&rbonate, 
ethyl dithiocarbonate, ethyl drj^hiocarbonate, anfl thiophene do not give rise to 
carbon ntonosulphidc. The stability at high temp, is consistent with the behaviour 
of an endothermic substance. At the* ordinary temp, the gaseou^ monosulphide 
polymerizes rapidly, even at low presS. and m presence of a largo exces 8 ,of carbon 
disulphide. Comparisons of the brown carbon monositlphide produced in different 
ways show that they have probably different degriies of (lolymerization. The 
sp. ht. between 15° and —18,5° of thli polymeric form of carbon monosulphide 
obtained from thiocarbonyl chloride is 0’r27, the mol. ht. being 5’59, as compared 
with the calculated value 5’556. The heat of combustion is 178,050 cals., and the 


heat of formation 10,000 cals. 

H. Kolbe 2 prepared thiocarbonyl chloride, CSCb, the sulphur analogue of car¬ 
bonyl chloride, (; 0 (l 2 , by the action of dry chlorine on carbon disulphide. From 
; H. Muller’s observations it follows that if iodine is dissolved in the carbon disulphide, 
i the action is accelerated ; with a boiling soln. sulphur chloride, carbon tetrachloride, 
and thiocarbonyl chloride are produced. H. Kolbe also made thiocarbonyl chloride 
by passing a mixture of hydrogen sulphide and the vap. of carbon tetrachloride 
through a red-hot tube : (.'(.'l 4 -fH 2 S—2HU f CSC1..J. G. Gustavson made it by 
.hating carbon tetrachloride and sulphur in a sealed tube at 180°-2()0°. R. do 
Fazzi said that the yield is small. B. Bathke observed that it is formed w^en 
thiocarbonyl tetrachloride, GSCIi, reduced with powdered silver; or, according 
to P. Klason, wSen reduced with tin and hydrocMoric# jcid. M. Kern and 
M. Sandoz, warmed 30 parts of thiocaffbonyl tetrachloride with* 37 parts of 
dihydrated stannous chloride, 10 parts of con^. hydrochloric acid, and 7 parts 
of water in a closed vessel for 12 hrs. at 30°-.35°. J. W. Jamas obtained it by 
the action of chlorine, on methyl thiocyanate, P. F. Frankland and co-workers 
made it by reducing thiocarbonid tetrachloride with tin and hydrocWoric acid, 
using 550 grins, of thiocarbonyl tetrachloride, 175 grins, of tin, and 500 c.o. of a 
mixture of equal vols. of commercial hydrochloric acid and water. The thiocarbonyl 
tetrachloride is added as rapidly as is consistent with the efficient condensation 
of thli distillate. The yield is 55-60 per cent. R. de Fazi found that the action 
of iron on thiocarbonyl tetrachloride may give ferrous chloride ^and,carbon tetra¬ 
chloride, yet, with certain catalyst, the reaction may proceed: 0Clj.SCI-|»Fe-> 
FeClj-l-CSClj, with an 80 per cent, yield. He also found that sulphur does not 
react with carbon tetrachloride, even at the b.j)., but in a scdled tube at 200 ° 
there is a slight reaction; CClj-t-SS-^OSClj-l-SaCTa, tljo yield is slightly increased 
if a little iodine.bq, present; and if a mixture of a little iodine with sulphur and 
carbon tetrachloride fie boiled for a long time a little thiocarbonyl chloride is formed. 
Powdered iron can replace iodine as catalyst; red phosphorus and phosphorus 
^ Jfcntasulphide do not act as catalysts. Fewous sulphide and carbon tetrachloride 
do npt act below 100 °, but if iodine be present, a little thiocarbonyl chloride is 
formed; and ferrous sulphide and carbon tetrachlfwide, without iodine, in a sealed 
tube gdve a Jarger yield than any other substances tried; CCI 4 -f FeS=FeClj -f CSdj. 
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Thiocsrbonyl chloride, also called thiophos^em, is a ted mobile liquid with a’ 
suffocating odour, and decomposes in moist air giving off fumes. 0. S. Billeter^ 
and A. Strohl gave 1^5085 for tJie sp. gr. at 15*^; and 72'8° for the b.p. at 730 miM 
P. Klason gave 73-5° for the b.p. at 760 mm. P. Klason, and H. Bergreen said that it 
decoiiiposcs a little when heated to 200 '", forming carbon disulphide and tetrachloride. 

G. Carrara found the index of refraction for the Z)-lire to bo r54424. B.,Rawke 
said that the compound deci^mposea into tnchhrometfiyl-dUhioformic.--chloride, 
CCl,,.CSSffi, when cx|)osed to sunlight, bitf if thorougKy purified na change was 
observed. According to B. Rathkc and co-workers, 0. S. Bille^rf and co-workers, 
and P. Klascn, if exposed fcjr some months to sujl^ht, polymerization occxirs, anil 
a colourless crystalline solid is formed; it has a slight smell, is unchanged in air; 
and melts at I 12 ' 5 “. It absorbs water vapour, and at 180° is transformed into the 
liquid. II. Kolljc, and H. Bergreen observed that water slowly decomposes thio- 
carbonyl chloridcfn the cold, anil more rajiidly when heated, forming qarbon dioxide, 
hydrogen pliloridc and siilphidh. B. Rathke fqjitid that with an aq. soln. o£ 
potaasiiim hydroxide it is imincdiately decomposed. P. Klason, and 0. S. Billeter 
and A, Strohl^aid that when treated with itlcoliol, earhonyl sulphide, ethyl chloride, 
and car/m It^dmulpholrisulphonate, llS.C(HSOn);), are formed. P. Klason found 
that when thiocnriionyl chloride is treated with chlorine, it forms thiocarbonyl 
tetrachloride; and when treated with sulphur in a .scaled tube at 130°-150°, it 
forms cliloroditliioforraic chloride, CI.CSSCK According to B. Rathke, aq. ammonia 
quickly decomposes thiocarbonyl chloride, forming aimnoniuni thiocyanate, etc. 

H. Bergreen found that when dried ammonia is passed into an ethereal soln. of 
thiocarbonyl chloriile, animoniiim cliloride, and thiocyanate are formed, and when 
treated with ammonium chloride at 200 ’, or. according to B. Rathke, with aluminium 
chloride, carbon disulphidi' and tetrachloride are formed. Reactions with organic 
compounds have becnsiiidiod by B. Rathke, H. Bergreen, P. Klason, 6 . M. Dyson 
and 11. J. George, and 0. S. Billeter and eo-workers. 

According to B. Rathke,-i when cliloriiie is passed into a soln. of one part of iodine 
in 500 parts of carbon disulphide, sulphur chloride and thiocarbonyl tettacMoride, 
CSCI 4 , arc formed. The produets of the reaction can be separated by fractional 
distillation under reduced press. Thi.s compound can be regarded as Irichloro- 
nifthjlsulphur chloriik, 4KII;|.St’l, or perehhro-melhylmeraiplan. P. Kljson made it 
by the action of clilorine'oii tliioharbonyl chloride in the cold; and J. W. James, 
by the action of cbJ«inc‘ou methyl thiocyanate. P. F. Franklaiid and fellow- 
workers maih' it by the action of chlorine 011 carbon disulphide in the presence of 
iodine: • 

* 

Add 4 grfhs. iodino Uj 2 kpmw. of carbon disulphido dried over calcium chloride; 
paHfl chlorine frorn a cylinder and dried by calcium chlori|^e, so that tho temp, does not rise 
above 20“-*25', and almost all tho gas is alworbod. When the incroaso in weight is approxi* 
matoly that roqniriMl by 2('S„'f ficij- 2 (’SCl 4 -f-S 2 Cl 2 , tho passage of chlorine is stopped, 
and tho mixtuvo is run in a thin stream into liot water oontainod in a largo vessel through 
which a current of steam is blown so as to decompose the sulphur chloride, and to distil off 
the tetrachloride. Much suliihiir tlioxido is evolved, and u train of four condensers is used to 
collect tho requirotl product. Tho first condenser is air-cooled; tho second fe cooled by 
ice; and the just two are cooled by a mixt ure of ioo and salt. The tetrachloride is again 
distilled in steam :*drii'd over caloivun chloride ; and distilled with a fractionating column 
until^he temp, rwes to 1 tO". • 

• • 

Thiocirbon^^trtrachloriito is a goliliui-yellow liquid, with an intense disagreeable 
odour, and it strongly attatks tho eyes and respiratory organs. B. Rathke found 
the sp. gr. to be 1'712 at 12'8'70°; G. Carrara gave 1'71285. at ll°/4°; and 
P. Klason, 1'712 at 0°, 1'7049 at 11°, and 16953 at n'5°. T3. Rathke gave U 6 ° 
to 148° for the b.p.; and P. Klason, 149°. The boiling liquid sufiers a slight 
defomposition. Wlieii liewted in a seated tube at 200°, B. Rathke found that carbon 
tetrachloride and sulphur chloride arc formed. G. Carrara found 1'54835 for the 
index of refraction with the Z)-line. According to B. Rathke, when heated with 
water at 160°, carbon dioxide, hydrogen chloride, and sulphur are formed; the 
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decomposition is rapid in solu. of potassium hydroxide. * P. dClason, and J. W. James 
ifound that chlorine alone, or better in the presence of a trace ^f iodine, transforms 
ll into carbon tetrachlori4e and sulphur chloride. P. Klasoii found that with 
sulphur at ISC-IBO", carbon tetrachlpride.thiocarbonyl chloride, hexachlorodinjethyl 
di- and tri-sulphide are formed Aq. ammonia was found by B. Rathkc to give 
amAonium thiocyanate; and cold nitric acid, sp. gr» 1‘2, forms Irichloromethyl- 
Mphuryt chloride, CCI 5 .SO 0 C). P. Klason foumPthat tin and hydrochloric acid 
reduce the t 8 tra(^loride to*thiocarbonyl*chlorid^, and with silver-dust, hexahhloro- 
dimethyl disulphide is formed. M. Albrecht obtained carbon hydrosulphopotaesium 
trisulphbnatc, HS.C(KS 03 ) 3 .1^ the action of potassium sulphite. B. Rathke investi¬ 
gated a dumber of reactions with organic compounds. " 

' P. Klasoif* made thiocarbonyl tbiochloride, CS. 2 CI 3 . by heating a mixture of 
sulphur and thiocarbonyl chloride in a sealed tube between 130^ and 1 M°, and 
fractionally distilling the product in vacuo. It is u yellowjoil, which boils in vacuo 
at about ^40“; it is decomposetl by chlorine into thiocarbonyl tetrachloride, and 
by sulphur at 160° into sulphur chlorirb and caTbon disulphide. P. Klason, and 
B. Rathke made hexachlorodimethyl, oisulphide, COlj.S.S.OCl,, by<i>thc action of 
powdered silver on an excess of thiocarbonyl tetrachloride. According to B. Klason, 
the viscid yellow nil boils utnlecomposed in vacuo at 13.6°; and is but slightly 
volatilized in steam. It decompo.sea w]ien heated under ordinary press., forming 
thiocarbonyl chloride and tetrachloride. When heated with sulphur at 170° it 
forms hexacblorodimethyl trisulphide, OCIj.S.S.S.CClj. The same compound is 
produced when thiocarbonyl tetrachloride is heated above its b.p., or treated with 
sulphur at 1.60°-1G0°. B. Rathke made, it by allowing a mixture of thiocarbonyl 
chloride and sulphur chloride to stand for a long time ; and it is present in the pro¬ 
ducts of the action of dried chlorine on iodiferous carbon disulphide. This compound 
can be crystallized from alcohol w'hen it furnishes colourless prisma, which are easily 
soluble in ether, carbon disulphide, and warm alcohol. It fuses at 57'4°, and it 
distils undeconqiosed in vacuo at 190°; but under ordinary press, it furnishes thio¬ 
carbonyl chloride, carbon tetrachloride, sulphur chloride, and thiocarbonyl tetra¬ 
chloride as decoiniaisition ]iroducts. The corrospontling compound, hexabromo- 
"dilfletbyl trisulphide, CBr 3 .S.S.S.CBr 3 , was made by (J. Hell and F. Urech by the 
action of bromines on carbon <li 8 ulpbi<le ; by A, vpn Bartal oy the action of sulphur 
on carbon tetrabromide ; and by W. PlotnikolT by tre/iting CS 2 Br 4 AlBr 3 , succes¬ 
sively with water, alcohol, and ether, and crystallizing from petroleum-ether, when 
clear prismo were obtained. If crystalbz'ed from ether the crystals are tabular. 

A. von Bartal gave 123°-124° for the m.p., and (.'. Hell and F. Urech, 125°, and they 
added that the compound becomes red on melting. ,Tt is ins'olub'e in water; 
sparingly soluble in cold etlie#. alcohol, and glacial acetic acid; soluble, in benzene, 
petroleum ether, and chloroform; .and viuy soluble in carbon disulphide and 
bromine. It decomposes slowly when boiled with alcohol; at ordinary temp., 
100 parts of boiling alcohol, said C. Hell and F. Urech, dissolve 5'5 parts of the ' 
compound; 100 parts of ether dissolve 2'35 parts at 0°, and 4'95 parts at the b.p. 
They alsotound it to dissolve without decomposition in boiling cone, sulphuric acid. 
When heated with an excess of bromine and water, in a sealed tuUe, ctftbon dioxide, 
carbonyl sulphide, hydrogen bromide, and sulphuric acid are formed. DC. aq. 
soln. of the alkali hydroxides have no action in the cold ; but if heated 'with cone, 
soda-lye or baryta-water, when air is excluded, poly.sulphide, carbonate, and bromide 
are formed but no sulphate is produced ; but if boilciwith an excess of lead oxide 
and water, a sulphate is formed. According to A. von Bayer, hexabromodimethyl 
trisulphide forms addition products with methyl iodide and with iodoform. 

^ * According to C. Hell and F. Urechitwhen hewabromodimetbyl trisulphide is heated above 
its mm., small quantities of Sreompoundof unknown constitution : CiBCjS,, are produced, 
and X. von Bartal obtained the same compound by the action of carbon tetrabromide on 
sulphur^ C. Hell and F. Urech said the indigo-blue powder retains 2 to 3 mois of water, 
and if heated for a Ibng time at 160°, A. von Bartal found the water was expelled. The 
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blue colour WiOttributed U the* presence of the -S.S-^group. The Mhy*ou» comporad 
H Kwoely volatile. A. von Bartal, and C. Hell and F. Ureoh said that the compound is 
iofiolubie in ordinury twivonts, 0 B«ily soluble in phenol, and in hot cone, sulphunc aci^ 
forming a blue aoln.; it in sparingly soluble in hot aniline? and easily soluble m'conc. 
nitrio or hydrochloric acid, forming a violet soln. which l^ter becomes red. 
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§ 40. The Historjr, Occumnee, and Preparation o! Carbon Disulphide 

• (J ’ 

In 1796 , W, A. Lampadius > attempted to’deterniinc the amount of sulphur in 
a sample of iron pyrites; he heated a mixture of that mineral with carbon, and 
obtained an oily, sulphurous, volatile liquid. He tried heating the mineral with 
wood, anthracite, etc., and still obtained the oily liquid accompanied by, hydrogen 
sulphide, volatile hydrocarbons, and empyrenmatio matters. He calW the pro¬ 
duct le soufre and fc alcool de mufre, and regarded it as a compound of sulphur 
and hydrogen. In 1802, F. Wment and J. Bf Desormes tried to find if charcoal 
which had. Been calcined still contained hydrogen, and, on heating the charcoal 
with sulphur, obtained a liquid which they regarded as le bmlfure d'kydrogine. 
They found that it did not Aichave towards a soln. of lead acetate like hydrogen 
sulphide, and finally concluded that it contained no hydrogeq.'an3 they named it 
le smfte oarbure. They tried without success to find the exact proportions of sulphur 
and carbon in le soufre cartmre. Some unsatisfactory observations were made by 
A. B. Berthollet, J. B. Trommsdorff, H.Davy, L.‘N. Vauquelin and P. J. Robiq^uct, 
and M. Cluzel, from which it was not made clear whether or not the liquid contained 
hydrogen, and even nitrogen. In a report by A. B. Bertholletj^ mme experiments 
by L. N. Vauqueiiu are described ^n which the vapour was passed over heated 
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copper, whereupon carbon and copper sulphides were Wnaed, and it was concluded 
that the former contained 14-15 ^jarts of carbon and 85-486 parts of sulphur, 
b'he (y)mpouDd was also aiialyzed by J. J. Berzelius and A. Marcet. These analyses 
show that the liquid is carbon dianlphide, CS 2 . J. J. Berzelius made a special 
Study of the properties of the* compound in 1823; and W. C. Zeisc investigated 
its Action on a number of-oxides, alcohol, etc. J. P. Wibaut showed that sulphur 
fe retaiiied by carbon which has been heated Ih the vap. of sulphqr, and he 
assumes that th% product is a mixture "of carbon and a sulphide of carbon which 
is non-volatile at J 000 °. • 

* CarSoiS disulphide has hem fmind in the petroleums and benzenes of commerce 
by H. I^er ,2 C. Vincent and B. Delachanal, and K. HelbinJ; in the gases from 
cess-pools, b^ M. Scanlan and A. Anderson; in coal gas, by A. W. Hofmann, and 
R. Witzeck; and in oil of mustard (allyl thiocyanate), by A. W. Hofmann, and 
E. Mylius. • ^ « • * 

F. Client and J. B. Desormes,^ G. J. Mulder, etc., prepared carboij disulphide 
by heating carbon in the vap. of sulphjir. The volatile compound of carbon and 
sulphur is condensed in vessels surroiyided with cold water. The jltoduct is con¬ 
taminated with free sulphur, which volatilizes with tlje carbon disulphMe; some 
hydrogen sulphide is formed at the same time by the action of sulphur on the 
hydrogen in the charcoal. T. Sidot shoyed that at a iflcan red heat a greater yield 
|is obtained than at a dull red or a bright red-heat. M. Berthelot, and W. Stein 
ishowed that the reaction is reversible, for, when carbon disulphide is heated to red¬ 
ness, it decomposes into its elements : CS. 2 v=^C-f 82 . Accordingly, F. Koref found 
Ithat the equilibrium constant A=[S 2 ]/[CS 2 ] is 0’078 at 823°; O'l 15 at 9..6°; 0’179 
,at UK)9°; and 0'2.58 at 1383°. He found the observed results at T° K. can be 
Irepresented by log ff=:—27407’ 1'38. In the decomposition experiments, the 

lvalue of the constant fell with time owing to the formation of silicon sulphide, 
lBiS 2 , which acta as a carrier of sulphur, re- 
fconverting the carbon set free into carbon 
disulphide. In the manufacturing process, 
the charcoal is contained in vertical cast iron 
•or*carthenware retorts, 10-12 ft. high and 
1-2 ft. diam.f set in a suitable furnace. The 
heat of the furnac# melts the sulphur placed 
in a hopper near the base of the retort, the 
sulphur vapnises through the red-hot charcoal 
and forms carbon disulphide which escapes 
at the top; the end of the exit pipe dips 
under water where much af the carbon 
disulphide is condensed. The condensation 
is completed in long condensing coils—30 ft. 
long—and the escaping hydrogen sulphide 
can bp absorbed by slaked lime (B. Diess), 
or ferric h/drate (A. Payen). Various modi¬ 
fications have been suggested by J. Farbaky, 

P. Schuberg, E. Diess, A. Galy-Caaalat and 
A. Huillard, I. Singer, Chemische Fabrik 
Griesheim-Electron, etc. A. E. Delph found 
that the deposit which forms on iron or steel 
in contact with*ca»bon disulphide vap. at 
400°, can be prevent^ by a thin coating of 
aluminium. In E. R. Taylor’s electric process 
a cylindrical furnace 40 ft. lagh and 16 ft. ill 
diameter is packed with coke from the top. 

Fig. 59 j the coke is renewed through the side hopper C. An alternating current 
is sent throSgh thd electrodes E set at right angles to one another at the base of 
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Fio. 89.-»Taylor s Carbon Disulphide 
Furnace. ' 
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the furnace., The heat meltfl*the .sulphur on the floor of the furiidce; the vap. of 
sulphur rijws throu^ the coke, forming eaihon disulphide. Fre.sh sulphur is / 
introduced through the hopjKT shown in the diagrapi. The carbon disujphidr 
passes oflp at the top of the furnace, aiuj is ^condensed in the condensing coils. 
The eWtrical process is practically continuous anfl is free from the troublesorafe 
leakages and heat-losses incidental to the retort process. The subject has Ifcen 
discussed ^ G. A. llichicr, and fl. M aeser. r * ' 

B. ^lassow and K. Hoffmann liave irfvestigated tffe cpnditipns finder which 
carbgn disulphide is fonm-d from sulj>hur dioxide and heated i^>ed charcoal. At 
700®, only traces of carbon diHulphide are formed.* Above 750^^, the yield*gradually 
increases, carbon ox^siilphiili', car))()n dioxide, .sulphur vap. ami small ^lantities 
of carbon monoxide ^Iso being formed. At 850 -000', the yielfl of carbon* 
disulphide reaches a maximum and accounts for 35 jiercent. of the .sulphur dioxide, 

55 per cent, being foundiasoxyi^ulphidcand ](• per cent, us free siilplwir. At temp, 
above 900'^ the free sulpliur increases at the ex])eei.sc of the carbon (li.sulnliide and 
oxysulphide, and above 1100' the^ole products of the reaction are free sulphur and 
carbon monoride. The low yield obtainable and the danger, and the trouble 
attending.the handling of the oxysulphi<le, render lids method of pn^paring carbon 
disulphide impraeticabh; for industrial juirposes. W. A. Lumpadius, and 
K. and L. Jjaboi.s obtained Airbon disulpliide l)y healing a mixture of carbon with 
iron or copper pyrites, or antimony sulphide. M. Berlheiol, (' Brunner, W. Stein, 

0. J. Mulder, A. Schrotter, T. Sidot, i\ A, Favre and J. T. SillKTinaiin obtained it 
by heating various carbonaceous substances—horn, wax. sugar, etc. -with sulphur; 
and A. Mittasidi and K, WilHroth, by healing a mixiure of carbon monoxide and 
sulphur vap. along with a suitable catalyst. B. Batiikc found that it is formed 
by heating carbon tetrachloride and phosphorous .siilpiiidi^ m a scaled tube at 
200®; J. Gudamer, by lieating allyl thioi’yanatc with wat<T in a seahst tuiie at 
100°--105®; A. W. Hofmann, by distilling natural oil "f mustard; F, A. Went, 
by distilling cultivations of schizophyllum lobatum u fungus which occurs in 
Java on old fallen branches of peciocarjuis binnboo stems, et»^- if m hydrogen, 
the fungus produces no carbon disulpliide, or only trac(‘s; G. Capelie, by passing 
acetylene into molten suljduir; and B. Willstiilter and T. Wirtli, by lieathig' 
thioforniamide hydrochloride out pf contact with air. * ' 

Th6 punfleation of carbon disulphide.- When the carbon disulphide is re¬ 
quired of a high degn^e of purity, B. Delacliamil and A. Menuet^ recommended 
preparing it by the decomposition of a metal lliiocarbonate. The C’ude carbon 
disulphide obtained by the action, of sulpliur vap. on carbon has a fmtid odour due 
to the presence td organiq sulphur compounds, hydrogen stiljihide, etc. The crude 
liquid also has sulphur in solii., and this can be largely removed by distillation. 

E. Deisa.'for instance, fractionally distilled the erinle lujuid and found that the 
constituents with a repulsive odour collected in the first fractious, and sulphur in 
the last fractions. The middle fractions were purest. M. Bonierc purified the 
crude liquid by distillation from a cone. soln. of sodium hydroxide, and passing 
the vapours through alkaline liquids and soln. of salts of iron, lead, or copper. 

S. CloSz puiilied carbon disulphide by agitation with finely powdered mercuric 
chloride, followed by distillation over an inadorous fat. N. A. E. Millon, and 
A. Commn^le distilled the liquid from milk of lime, and allowed it to stand in 
contact with litharge or with copper, zinc, or iron turnings; G. C. Wittstein 
expressed doubts as to the efficacy of this procedure. I. Singer washed the liquid 
with milk of lime and distilled the product mixed with a s»ln» of lead acetate. 

T. Sidot, and S. Cloez agitated the impure liquid with mefeury; and S. Kem, 
with a mixture of lead and lead nitrate. L. H. Friedburg distilled the liquid over 
palm oil, digested the product with fuming nitric acid, washed with water, and 
rectified. P. C. Marquart stated that the violet colour observed when carbon di¬ 
sulphide is treated with fuming nitric acid is due to iodine nearly always present as 
an impurity in the acid. £. Allary treated the crude liquor witlr potassium perman- 
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ganate; and E. Obach distillpd the liquid over qiiicElime : agitated.the product 
kwith potassium permanganate, mereurv, and mercuric 8uli)hati»; and finally rectified 
P. Palmieri agitated 100 parts of the, crude licpiid with 2-3 parts of dried 
copper sulphate ; and subsequently/ectified over dry copper sulphate. The result 
Was good. A. Chenevier treated a litre of crude I’srbon disulphide with O'S c.o. 
of ftomino for 3-4 hrs., removed the e.xcc.ss of bromine by pota.sh-lye, or copper 
t7irniugs,*and distilled ihc^roduct. M. von Unrifli agitated the crude Ijquid with 
mercury, and ])o^oua oalcuim chloride, tand dislilled it in the dark, 0. fluff and 
H. Golla digested dhe carbon disul]ihide with a sat. .soln. of sodium sulphkU for 
?4 hrs. ‘ The sodium thiocar^mwte was sep.arated, treated with copper sulphate, 
and thert'^ult.ing copper thiocarbonaledecomposed by pas8ing*steam into the soln. 
•The [Hire cailion disulphide so obtained was di.stillcd in steam, and finally dried 
with [ihosphoriis [jontoxide. 
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§ 41. The* Physical Properties o! Carbon Disulphide 

Impurfi carbon diHulpJiitlc is a liquid which has Vfideur dcs oeufs pourris, biiki 
the Hpiell of the purified liquid is not unpleaa^it, and it recalls that of chloroform. 
W. A. Wahl I obtained spheruMtic crystals by cooTing the liquid, and, when theSe 
were melted ami recrvstallized. long iieedle-likc crystals, very strongly doubly reffact- 
ing, were formed winch bel(H)ged*to the monoclinic or trmlfnic system -probably the 
latter* VT and (J. Meyer fouiul the vapour density to iTo 2-j(>8 wlyn the theoretical 
vaUk' for CSo is 2'62. A. S(;liulze found that the vap, density qf carbon disulphide 
indicates a 2 percent, association. The vap.^dei^sily (air unity) aild* SpWiihc 
volume (c.c. ]K*r grjdn) of tlie vap. of carbon disulphide between 48 38°^d 85'03® 
were determined by \ Widlm'r and U. (Irotrian; and between --20’34° and the 
critical tmup. by A. Raftelli. It. Lorenz and W. flerz, and (1. M. Schwab measured 
the mol. voi. AfHateli* gave • 

* • 21l'ni' H-sr 78 82’ 17l-.i2’' 2(W';i2'’, 273'0* 

Hp. vol. . 20AH2-:i l^rip.T • i:n-21 . 4(;-102 23-892 10-094 2-718 

Vap. donstly^ 2 -(i 2 or» 2-lir,39 2-70205 2-9200 3-121H 3-8057 7*8280 

A. 0. Wlnkine estimates ^fie collision area of the mol. of carbon disulphide vap. 
to he l>etwi'en l'37xl0 •' and l'2.‘Jxi0 sq. cm. J. L. flay Lussac gave l'2i)3 

for the specific gravity of tl* liquid at O'", aiid l'27l at : II. L. Buff gave 1'29858 
at (L, |■27^hU at I0'\ |■2fl().52 at 17", and 1'227431 at 4(i". .f. K. Gladstone gave 
l’2!)09 at 2.'i', and L2r)!)l at 31)"; K. Nasini, i'2l)3t at 2074'^; G. E. Linebarger, 
l'250r)8at 25"; A. Ilaagen, 1'2(10! at20"; H.Schiff, 12233at4tV574“; T.E,Thorpe, 
1-21)215 at l)'y4", and 1-22242 at 4ti ()174"; H. V. Kegnault, 1-2823 at 5M07 
1-275 at 10’-' 157 and l'207(i at 15"-20"; J. I. Pierre, 1-29312 at 0"; A. Winkel- 
mann, 1-2605 at lO'tHV; J. Timmermans, 1*29270 at 0"-4"; W. Ramsay, 1’2176 
at 43"; 1. If. Friedbiirg, 1-266 at 15-2"; and J. Drecker, 1-26569 at 17-867 
1'26146 at !8‘D87 1-25031 at 28-217 and ]-2;4863 at 35‘967 E. Beckmann found 
the sp. gr. at the b p, to bo 1-2223, and M. vou Gnruh, 1-2209. Values were also 
obtaimul by W. A. Lampadms, V. (!lemeut and J. B. Desormes, M. L. Frankenlieim, 
A. de la Hive, 11. E. Weber, F. \h Brown, d. J. Berzelius and A. Marcel, M. (Jluzel, 
J. P. Couerlie, A. Kitzel, d. W. llrUhi, etc. A. Wullner represented the sp. gr‘, S, 
betweim V ami 2‘r jiy the (iquation iS’-=l-29366--0'001506d; J.*I. Pierre gave 
I-292-“5(l-l-0‘ft)l I l02-hoi)f,137tf^d-0'07l912d^); and d. Timmotmans for the sp. gr. 
at V K., upwards •from absolute zero, )S'--1*67367 - O-OOL'JOHOGT-O-OydldOrL 
Tlie sp. gr. of binary inixtutjgs of carbon disulphide with ethyl and pfbpyl alcohols 
wi're determined by .f. Holmes^ with acetic ether, toluene, and chloroform, by 
E. [dnelfHrg<'4; and with carbon tetrachloride, and benzene, by F. D. Brown. 
TIu' changi's which occur on mixing carbon disulphide with alcohol, chloroform, or 
benzene were measured by F. Guthrie. 0. Drucker found that the molecular 
elevation of the critical Solution temperature for carbon disulphide and methyl 
' alcohol is specific for each substance added to the binary system. N. Schoorl and 
A. Regenbogen studied the ternary system—water, alcohol, and carbon disulphide. 

The coefi. (if compressibility, jS, of carbon disulphide was found by M. Amaury 
and C. Ueschmpff2 at 14" to be 63-5 x 10"8 per atm.; L. P. Caiiletet, 98 x 10“® per 
atmTat 8° and 607 atm.; W. 0. Ronlgen, 89 x^0~® at 18"; E. H. Amagat, 87 x 10-» 
per atm.*]5etw^n 9 and 38 atm. at 15-67 aud 174x10-® at 99-3"; or, 0-0490 at 
20", 0‘03l07 at 40". 0'03l28 at 60°, and O'OgUO at 80"; and P. W. Bridgman gave 
O-O 492 at 20", O-OglO? at 487 0%m at 60", and O'^lbO at 80". The last-named 
also found the effects of press, (kgrms. per sq. cm.) and tempj^nthc vol. of carbon 
disulphide indicated in Table XXVII. W. Seitz made observations on this subject. 
According to A. Ritzel, at a press, p atm., the compressibility coeff. is: 
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A. Schulze found the pu-curves of carbon disulphide at N8’82°, and«130'48° show 

V that the mol. association dccreasesswitli increasing temp.; a«d at constant temp., 
Increases with increasing ^)ri'ss. Compressibility measurements show at 80°, O f) 
per cent, more association at 2 jitm.dlian at 1 atm. press. » 

XXVII. —The Effeits of Peessi an asd Temferature on the Volume 
• • « OF Carbon IJisolwide. 




1 


• 



• 

• 

Press. 

• • 

_i-^ . _ 

20“,, 

• 

30“ 

i 40“ 

50“ 

00“ 

70“ 

i 


1\ 

1 0236 

• 

1-0367 

i • 

; 1-0490 

1-0630 

1*0775 

' 1-0928 

' 

1-0992 

1000 

fl"958fl 

0-9071 

; 0-9762 

0-9829 

0-9907, 

0-9991 


1-0083 

2000 

0-9173 

0-9240 

0-9302 

0-9362 

0-9423 

0-0485 

i 

0-9552 

4000 

0-8047 

0-8688 

j (J-8732 

0-8770 

0-8823 

<1-8855 

i 

0-8902 

(iOOO 

0-^295 

0-8329 

i 0-H367 

0-8406 • 

0-84t2 

0-8472 


0-8501 

8000 « 

0-8022 

0-8061 

•0-81(K) 

0-8131 

0-8162 

0-8191 


0-8220 

10000 

0-7805 

0-7K44 

0-7879 

0-79 l<t 

tP7940 

0-7969 

1 

0-7997 

120(M) 

0-7638 

0-7658 

0-7682 

0-7710 

0-7713 

O-77'l^ 


0-7795 


A. Kitzel measured the compressibility of mixtnu's of carbon disulphide and 
acetone. T. M. (iardner studied the'adiabatic expansion of carbon disulphide 
vap.; and A. Horslmann, H. Herwig, T. K. Thorpo, and E. H. Amagat, the expan¬ 
sion and compression of the vap. K. Cans discussed the symmetry of the mol. of 
carbon disulphide. W. Ram.say and J. Shields found the surface tension of the 
liquid in contact with the sat. vap. to be o~33‘58 dynes per cm. at 19’4° and at 
4G1°, a- 29 41 dynes per cm.; the specific cohesion b--= 5'40 sq. mm. at 19'4°, and 
4'90 sq. mm at 4G'1°. 8. von Wroblewsky examined the effect of dissolved carbon 
dioxide on the surface tension of the disulphide. The mean molecular surface energy 
was 2 022, the characteristic of a non-a.ssoeiated liquid. M. E. Kraukenheim gave for 
! (T dynes jier cm., and a- s<|. mm., 32 ‘2 and 5'10 at 0°, and 29'8 and 4'48 at 26°; 
W. F. Magi<' gave 31'71 and 5 071 at 20’; and A. M. Worthington, 29'33 aud 4'71 at 
.27^. A. Kitzel gave o 3104 dynes ])er cm. at 26". R. Lorenz and W. Herz gave 
a ;-27'3 at tig; b.])., and 48'9 at the m.p. The surface lensijns of mixtures of carbon 
disulphide and chloroform were determined by W. •Ramsay and E. Aston. 
A. Wijkandcr gar^i; for the viscosity of the liejuid (vfatea unity) at 20°, O'205; 
at 2.5°, 0 l9j ; aiid at 30°, 0190. T. E. il'horpe and J. W.*Rodgcr'gave for the 
viscosity coefl., i \: • 

H'U)' S0:4U“ ^ 40*r,2'a • 4r)'M'’ 

II . . 0'00428 0'003'J7 000307 0 00342 " 0'00317 0-00.300 

• • , 

and they represented the visco-siby■ coeff. at d° by rj=24'379(199'17-fd)-l4328_ 
Observations were also made by M. Brillouin. The viscosity of the vap. at 0° was 
found by J. Puluj to be 0 0(XK)924. V. Henri di.scus3ed the. electronic structure 
of the mql. The viscosity of binary mixtures of carbon disulphide with ethyl 
alcohol was determined by A. E. Dunstan; with ether, acetic ether, benzene, 
and toluene, by C. E. Lincbarger. P. Walden gave 2170 atm.*for*the internal 
pressure of carbon disulphide; afid I. Traube gave 1980 atm. F. S. Morliimer 
calculated the internal press, from solubility data. D. L. Hammick ilqed for the 
constant a in J. I), van der Waals’ equation, 0 02412 atm. J. E. Mills studied 
the molecular attraction. J. Stefan found the diffusion coefl. of air in carbon 
disulphide to bd (^5995. J. Duclaux and J. Errera studied the filtration of 
carbon disulphide through colloidal membranes. A. Masson found the velocity 
ol sound in carbon disulphide at 0° to be 189 00 metres per sec.; A. Lechner, 
» 204'7 metres per sec. at 48°; aW E. HT Stevens, iii the vap. at 99'7°, 233'2 
metrdh per sec. 

The coeff. of thermal expansion of carbon disulphide has been determined 
by G. W. Sluncke^ who gave for the vol.,, v, at d°, ®=iiti(l-f0001125691d 
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-)-0-Osl7150»02fO()8l2Plti6ff^), where «o is the vol. at 0°; .1. 1. Pierre gave 
e=.v„(l+0-00n 3980>()-(hi;)7070^-h00,l!)1230'i); G. A. Him ®=»(|(1+0'001168060 / 
f OOslOt'JOO^ -O'DbHI 112i9M-()-O|„no!)50«), between 30° and 160°; ami T, E. Thorpef 
V-■ »|)(1 + OtJon.TOiO I 00t,111621fl2-f OO,l71750»i. P. Walden gave 
%(l-I 0-(X)l 17fl) between 0“ (ml 30°, E. H. Aniagat found that under normal 
press., etlier i.s more expansibh! than carbon disulphide, under 2500 atm.* prhss., 
the cjyjanaibility of the two Inpyds is the same; under 3000 rftm., thh 
expansibility of carbon disulphide is the* greater. VT Seitz mgde bbservations 
on the thermal expansion of carbon disulphide at low temp,; a»d»J. J. Saslawsky 
studied the relation betweep the thermal expansiion,and the critical temp. The 
thermal conductivity of carbon disulphide was found by R. Goldschmidt to be 
0'0003879 cal. fier cra.» |)er sec, |)er degree at 0°; by H. E. Weber, 0'000417 at' 
.5'4°; and 0 WX)343 between tl° and 15°; by h. Graetz, 0'000267 at 13°; by 
G. Chrec, II IKXt.’i.ff at lfi'5°; and by A. Winkelmann, 0'00200 at 10° to 18°. 

E. I’auli fcjiml the ratio of the tljermal conductivity of the vapour at 1QD° and at 
10° to be iioii//',,- -I fdti. P, W.Bridgmap gave 0tKK)382 at .30" and 0’0()0362 at 
75 '; and if ttie value at 0 kgrm. per sep cm. jiress. be unity at 30°, the value at 
l(KX) kgrtns. per sq cm is J174, and at 12,00(1 kgrms. ))er sq. cm., 1'962. 

The specific heat of carbon disulpbide was found by A. Battelli ■* to be O' 195 at 
—96°; and 0'23H at 0 "; 1l. V. Kegnaull gav(! 0'2303 at ~ 30°, 0'2.362 at 0°; 
and 0'2iOI at 30 , and he re|irc8en(ed the sp. ht. at d° by 0'2352+0'(XK)162d; 

(). A. Him gave i)'2:W for the sp. ht. at .30°; W. Sutherland, 0'260 at 120° ami 
0'2.382 at 160°; and ('. Eorch gave 0'242 at 18°. II. V. Regnault found 0'160 for 
the sp. ht. of carbon <liaulphiilc vap, at constant press, between 86° and 190°; and 
M. I’ier gave 0'1.37 for the sj). ht. at constant vol. between 0° and 2000.° K. Zak- 
rzewsky found for the sp. ht. at constant vol to be: 

-isi" -;u" -rill" - 2 ( 1 " ()" 

Sp. 111. . . O'llO O'lU 0-121 0'139 O'lfiO 


For the ratio of the, two sp. hts,, B. A. Miillcr gave 1189 between 21° and 40°; 
K. Bimlel, 1 ■20.‘| lietween 3° and 67°; E. H. Stevens, 1'234 at 99'7°; and 11. Thibaut, 
1'I99 at 17° and 202 mm. The’sp, lits. of binary mixtures of carbon disulpljide 
apd ethyl alcohol, chloiviform, and benzene have been determined by ,f. H. Schuller. 
A table of the vapour pressures oV carbon disulphide between —30" and the critical 
temp., at intervals o^ i0°, ha.s been determined by A. Battelli. He found at —30°, 
7'97 mm ; at —20°, 42'4I mm., and at —10°, 128'39 mm. At the critical temp. 
27.3'05°. the critical )ire.ss. 5vas 55,380 mm. The other results are Indicated in 
Talde XXVIll., H, V. Hegnault rcjiresentcd his observations at d° between —20° 


I Taui.i-; XXVIII. -Vavoob PansauaK or Qvrbon Disulphide 
( nun. inercwy). 



40* 


5(l" flu* 70’ 80 " I 90’ 


1 

2 


128-39 198-01 290-48 432-76 616 76 

3383-4 ' 4234-4 6225-0 6362-0 7061-0 
S3813-3 2765.7-4 31518-9 36075-0 39993-7 


869-49 1172-9 1669-6 20ti2-l 2662-8 
9094-9 10963-2 12448-817005-1 20317-8 
44444-6 48997 263622 0 — — 


ajid 160°, by log p-=a-f 6 at(-i:o^pp«+ 2 a^ ^ p=5-401162-3'4405663a«-r2o 

-0'28573686^»*-", where 4og a---A9977628, and log ^=V9911997. C. Antoine 
represented his results by log p=l'2020;5'8181-1000(d+2461-8|. A. Jatolimek 
gave d=120p'’'X®—73'5. W. Sajontschewsky and M. Ave'narius measured the 
vap. press, between 140° and 271'8° j and A. Wtillncr and 0. Grotian between 
2044° and 85'Or. A. ‘duliusberger studied'the spbject, A. Stock and co- 
workers represented their measurements on the vap. press, of carbon disulphide be¬ 
tween 11° and -181° by log p=—1682'382'-'-f 1'75 log T—0'0052980r-4-5'44895. 
C. E. Catbonelli, and K. Lorenz ipade a study of the variatidn of the vap. press. 
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jf carbon disulphide with temp.* F. Guthrie studiM tie vap. press, of binary 
mixtures of carbon disulphide with ether or chloroform; von Zawidzky, of 
tarboji disulphide with mjthylal, or acetone; and W. K. Lewis and E. V. Mur- 
phree, of carbon disulphide and wa^er. , M. A. Rosanoff and C. W. Easley studied 
!he distillation of binary mixtdres of carbon disuljhide with carbon tetrachloride, 
or Bcnaene; and C. Drucker, and E. C. McKelvy and D. H. Simpson, mixtures of 
Jarbon disulphide with ethyl or methyl alcohol. * 

S. von WroHewsky. ana K. Olzscliewskyfbund that at about — IPS’, tarbon 
lisulphide freez* ^o a crystalline solid with a melting point of —110°. G. Cajrara 
and A. Coflpadoro gave — l()8'6°f§rthem.p.; J. Timmermans, 1110°; F. G. Keyes 
and co-wprkers, —112'97°; L. Holborn and W. Wien, —lk2'8"; and G. Tam- 
mann, —il2'S°. The last-named also represente<l the effccljon the m.|i. of press, p 
kgrms. per sq. cm., dT^O OlOOp. Observations on the boiling point of carbon ilisul- 
phide were made by W. A. Lampadius, J. I. I’iojre, J. L. GayCussac, H, Kopp, 

A. Haagcp, W. Ramsay, L. H.'Eriedbnrg, .J. M. Crafts, F. A. Hengloin, W, Sajont- 
rchcw.sky, and M. Avenarius. For the b.p. K? Schilf gave 47'0° at T68’5 mm.; 
T. Andrews, f6'2° at 769 mm.; M. von Gnruh, 'I0'2.5° at 760 ram.; ti. E. Thorpe, 
lO'dl" at 760 mm.: H. V, Regnault, 46'20 at° 700 mm.; 11. Arotowsky,46'27 at 
757 mm.; R. Nasini, 47'5° at 764 mm.; and J. Timnu^rmans, 46'2.5'’ at 760 mm. 
H. B. Baker found the b.p. is raised a number of degrees if the, carbon disulphide 
bo very thoroughly dried. E, Hendriclc discussed II. B. Baker’s observations anil 
enc|uiries if the presence of a trace of water separates or loosens molecular aggregates 
According to M. von Unruh, the b.p. changes between 740° and 76,5 mm., 0'4I44° 
for K.) mm. change of press.; this is cq. to 1° for 24'13 mm. change of press. He, 
also found the molecular raising of the boiling point to be 2370 per lOO grms., 
or 1940 per 100 c.c. E. Beckmann gave for the b.p. constant 23'7 [ler grm. 
H. V. Regnault gave for the latent heat of vaporization, 90 cals. ))er grm. at 0°; 
l(JO'4H cals, at 10f)°, and 102'.36 cals, at 140°; A. Winkelmann, 89’5 cals. at0°; 
F. Koref, 86'9 cals, at Ud'; K. Wirtz, 83'1 cals, at 46'!°; I). L. llamiuick, 
85 cals, per gr.im; T. Andrews, 86'87 cals, at 46'2°; and C. C. i’erson, 105'7 
cals, at 16'6''. H. V. Regnault gave for tlig heat of vaimrizatiou at 
ihllltl -l) 08922d ()'(K)049.38d=: and A. Winkelmann, 89'50-0'()6.530e'-0'(X)10976fl'^ 

O'0tKXX);i424.5d'>. The rapid evaporation of carbon distljihide, produces a lo.w 
temp., and ex[)erinjents on this subject wore maife by .1, Murray in 1812. 

M. Avenarius gave 276'0° tor the, critical temperature ofA»rbon disulphide, and 

B. Galitzimy 279'6“. (,'. Gagniard de la 'Pour gave 275'0° for the critical temp., 

77'8 atm. for the critical pressure, and 0 (X)96 far thf, critical volume. For the 
critical temp, and press., respectively, W. Sajoiit-sehewsky gave »J71'*!° and 7t'7 
atm.; J. B. Hannay and .1. {logarth, 272'9()“ and 77'9 atm.; .1. Dewar, 277'7° 
and 781 atm.; .1. B. Hannay, 27^68° and 7814 atm.; and A. Battelli, 27.')'U5° 
and 72'868 atm., and for the critical voh. 0 009011, The data of C. Cagniard de laTont 
gave for J. D. van der Waals’ constants « =0 02185, and h=0 003225; W. Sajoiit- 
schewjjky, o=0 02166, and h=0 003.i.39 ; .1, B. Hannay and .1. Hogarth, a=-tl 02160, 
and 6.-=0'fltl3209 ; .1. B. Hannay, a-=0'02197, and h -=0'(XI3227 ; and A. Battelli, 
a =0 02316, and 6=0 003134. W. Herz gave 3 17 for the chemipal constant, and 
W. Nernst, 3M. • • 

Carbon disulphide is an endothermal compound. .1. 'rhomsen'' g*we for the 
heat of formation from amorphous carbon and rhombic sulphur,” (G, 28) 
=C'S. 2 K»,—26 01 Gals.; or CSaiqnid—19'6I Cals.; ,and from the diamond 
•M. Berthelot and»C..Matignon gave for the gaseous carbon disulphide, —25'4 Gals., 
and for the liquid — fb Cals. M. Berthelot gave for the heat of Combustion, 252'8- 
253'3 Cals.; and ,1. 'Thomsen, 265'1 Cals. ,1. J. Berzelius and A. Marcet said that 
the temp, of combustion of carbon disulphidirin oxygen insufficient to melt platinum 
wire, ffhe thermal values of binary mixtures of carbon disulphide with ethyl alcohol, 
and with benzene were determined by A. Winkelmann. A. Marcet discussed the 
production <3i cold by the evaporation of carbon disulphide. 
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■ Carbon ^jsulphide haa a ‘high refractive inrfex and a high dispersion. In this 
it is exceeded by ver^v few liquids ; those of methylene iodide, bromonaphthalenev 
and phenyl-mustard oil arc greater. Hence, the use of qprbon disulphide for jillin^ 
holloy glass prisms for spectroscopic work. A number of measurements of 
the refractive index has been mqdc by E. E.’ Hall ami A. R. Payne, etc.^ E. Flatofi’s 
results, ruble XXIX. siiow the effect of variations of temp, and of wavelenj^h, 

A, on the refractive imhix. JI. Rubens found for the ultja-red, at 20”: ^ 

1745 mSfi/i 
1*5856 1*5840 


A . 

. 580 

777 

873 

'999 

1164 

■1396 


. 1-6275 

1-61)72 

1-6017 

1*5968 

1*5928 

1-689* ‘ 

while F. 1 

?. Martens (,>av(! tor the ultra-violet 2-l.?'9 Ahci 

1 A=260p, 

gave: 






A . 

. 266 

274 

288 

298 

304 

317 

h ■ 

. 2-W3 


,.1-912 

1-875 

1*852 

1-807 

Taiu.k X.XtX.- Tim ]■:! 

FI K( T (II 

• 'niMl’KRATt UK AND 

«■ 

Wa\k 

•I.KNtJTH OF 


m 

^•782 


33.W 

1*79 


Ktau\(TI\K JndKX of tjvjtlJON DlSULCJlIOli. 


A 

- 1(1’ • 


ft 

307-01 


274-87 

2-01983 

361*19 

1*76695 

394*41 

1-72888 

441*59 

i-69684 

467 83 

1-6H420 

480-01 

1-67931 

508-60 

1-66974 

533-85 

I -66286 

589-31 

1-65139 

0. Borgikolm 

gavt' 1*608 at - 

)”. ]j. Lokmi 

iz hjimd for the 


2*12321 
2-0.3484 
1-75719 
1*71989 
1*6H85(> 
1-676(M) 
J-07131 
J*6{)J87 
1-05506 
1*04362 


2-08823 
2-00474 
1*73800 
1-70180 
1-67135 
1-65923 
1-65466 
1-64541 
1-03877 
1 62761 


1-97489 
1-71811 
1-68278 
1-65323 
1*64181 
1-03733 
1 02842 
1-62192 
1-61115 


.ai” ; at 0“; fCXi at- 20°: and VOKi at 

and 1 llo7 hr A- - > »>Jlrt; It. Mi^scart jjave 1-M85 for A.=(|-58iV . .OI«i-rvatimis 
were also n.ado l,y 1>. T. DfilonR, M, C'roulicbois, J.Kanonnikoff, ett', on tho refractive 
index of carhoii disul|tii<|o vap Moa.suremcnts on the refractive indc.x of binary 
mixtures of furboii di.siilpliidc witi, cthfr were made by V. Forcli; with methvlal 
by J. voii /awidsk-y ; wil b aretoiw and chloroform by A. lieytheiii and R. Hcnnicke 
J. von /uwidzky, anil h. h, Sumlwik. S. I’rocopin studied the effect of suspended 
crystalline particles on the birefringence, of carbon (Jjsniphide. The dispersion of 
carbon duiilphide bus been studied by II. Kiibfns, F. F. JIartens, and E Flatoii 
Tlicreisanomaloiia dispersion will, A -:!2(i-33n,iM. -V. G.(ianesan, and C. V. Raman 
and K. S. IfHp tlio scatter,ns and extinelion of light in liquid carbon 

d sulphide W W. ( oblciitz studied the transmission s]>octrum and refraction in the 
iiltra-red: and V. Ileiiri, the ahsoriition spectrum; N. K. Sethi, the ihterference 
bands of iquid carhoii disiiljiliide ; W. H. Kce.som and J.deSmedt.the diffraction 
ringsyroducod ,,, carbon disulphide by X-rny.s*and S. Froeopiu. the depolarization 
of light by parboil disulphide containing particles in suspension; and R Gans tho 
Ij^dall effect. T. M. Lowry considers that the sp. inductive capacity and the 
a refraction give vo evidence of internal ionization in the molecule 
A. S. Ganc.sau studied the scattering of light bv carbon disulphida 

Me elMtromag^etie rotation of the plane of polarized lighV, has licen measured 
by E. Verdet, who foimd when the value for tlie A'-liiie is unity at 25“ 17 07 for the 
G-ljnc ; for the F-linc, 1-284 ; for th,* /Lline, 8-768 ; and for the C-line 0-5^12 
The subject has been investigated by A. do la Rivc,*A. Haagen, E. 0, Hulbert ‘ 
A. KUndt and W. C. Rontgen, and E. Bichat. J. E. H. Gordon obtained 0-05238 
for tho TMiue at 13”. For the Na-line, Lord Rayleigh gave 0'04800 at 18” * 
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G Quincke. 0 04409 (21 06”); A. KSpsel. 0-04199 (18>, ? 1-7’ 

.and J W. Rodger and W. Wateon, at.fl”, 0-04347(1 -O-Wiefe). Carbon d.auhA.de, 
\nlike other liquids hitherto examined, was found by A. CAton and H. Mouton 
to hav’e a negative magneti? double refraction. The electric double refractoon was 
studied by C. F. Hagenow. C. eergholni, G. W. Etoen, -d W-L) on 
an# F.Wolfram measured the effect of temp, bdtwoen 18 and —180 on the 
(dectricah double refraction. Kerr-.s constant wa» measured by G. Quincke, and 
0 D Tauem;.the latte» gave SOIUIO a-for Na-hght. C. Bergholn. a d 
M Pauthenier investigated the temp, coeff. of the clectro-op^al Kerrs (ffiet, 
ttnd Ebert, the^ielcctric polarization. The absorption spectrum of the, liquid 
in the viiible and ultra-violef regions was examined by F. F..Marlens, J. aucr, 
.and W. S*pring; and in the ultra-red, by H. Rubens ; absorption « 

the vap. in the visible and ultra-violet was examined by J* 1 aucr, Bn^at amt 
M Paatlieiiiet. and J. Dewar and G. D. Liveiiig; and ii^tlie iikra-rcd b\ j. 

Bahr .1 Pauer F. F. Martcii 8 ,,and E. Flatoff e.xlmiiicd the absorptiop spectrum 
of soil!, of carbon disulphide. R. D. Kleoman ""'estigatcd the lomz^ion of the 
van bv secondary -y-rays. M. Isliino* and B, Arakatsu found %t negativ.ly 
chlrgcd sulphur atoms are produced'by the action of a-rays 111 
tula- w H. Keesom and J. de Smedt studied the (hffraction of X-rays m th, 
liquid K. T. Compton calculated the ionizing potential at 3-57 volts. J. Muller 
and C. H. L. von Babo studied the flfloreacenco of the flame of burning carbon 

According to T. Sidot.m metals like silver, aluminium, and iron arc electrified by 
friction with carbon di-siilpliide. L. Bleekrode found the liquid to have a very ow 
electrical conductivity ; and M. Sald-Elfendi gave 0-055 for the conductivity who 
that of water is unity, G. di Ciommox gave for the spMlflc resistance of carbo 
disulphide 1-2 X W'-i rec, ohms. Many others have made observations on tins subji a. 
Carbon disulphide was found by M. Lapsehin and M. Tichaiiowitsell not to be 
decomposed bv the current from 950 Biiiiseii’a cells. A. C. Becqiierel found tha, 
when an 110 . soln. of carbon disulphide is electrolyzed, sulphuric acn and carbon 
dioxide aiiiiear at the jiositive ]Hile, and hydrogen sulphide and hydrocarbons at 
tha negative pole. . 1 . llopkinson found the dielectric constant of liquid carbon 
disulphide ti* be 2 61 for ; L. Kahleiiberg and R.Jf. .\nthony gave 2 C.J 
at 2;'-5; and A. Francke, 2-63, ?. Driide obtifii.ed 2-64 at 17“ for ^=73 cms. 
K. Tangl gave 2-626 at 20“; and 0. Bergholm, 2-74 ati*-2« ; 2 176 at 0 , 2 626 
at 20“; and, 2-573 at 4l-5“. K. Badeker gave 1-002.39 for the dielcct.tic constant 
of the vap. at 100“, and I. Klcmeiicic, 1 00905 i^t 0“'and atm, press. I. Walden 
and CO- workers, and W. H Martin studied .this subject; H. Isnajdi 
effect of temp., and F. Waibel. the effect of press, on the dielectric constant ot 
carbon disulphide. M. Griitzmacher measiire.l the dielectric constant 61, mixtures 
of carbon disulphide with carbon tetrachloride, and with benzene, and that 
of the components of the binary iiiixliires. For the lua^ctic SUMephblUty, 
G. Meslin 12 gave -- 0-59xl0-« mass units ; S. Henriehscin -O’MxlO 
at20''; H*du Bob, -0 82xlCr“® vol. unite at irf ; and G. Quincke, -OTbxlir" 
vol units at 19®. 

« 

Reff.rencks. ,, 

ft., 15. 2883, 1892 j T. E. Thorpe, Jmm. 4ot’ 1879*’ ^Browm i^, 

291. 1891 ; J. Holihcsrit., 8». 1783. 1W6 , W. K«ni»»y. jt-. f ■ ft, isE 121 

36. 662,1879 ; 39.304,1881; A. Wullner, Pogg- ^"7. J Dreeker. 
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§ 42. The Chemical Properties of Carbon Disulphide 

Iho (l(‘coin])o8ition of onrLon disiilpliide by heat lia.s been previously discuaacd. 
H. Bull and A. W. Ilofinami aiiid tliat carbon diaiilpliiile vap. is slowly decomposed 
by a rnl-liot, electrieally-heat.ed^ platiinitn wire. L. Playfair i said tliat carbon 
maulpliide is not de(ioinpo.scd when pa-s-sed over red-hot pumice or charcoal. 
H, B. Baker aaid that Wie vap. decomjjoses between 2(Kr■'--218^ II. B. Dixon and 
E. J. Kusstdl ob.served tliat a jirolonged beating is neces.sary pit 230'’ before the 
slightcat evidenre ()f<*fiy decompo.sition of the dLsul[)hide can be detected, and no 
change is perceptible when carbon diaitlphido is passed through a tnlie at 400'’; 
at a red heat, however, earhRn diijiiliihide was found by M. Berthelot to lie resolved ■ 
into its eleinants. In the^ireseiiee of earhon, saiil W. Sfein, the, amount decomposed 
at a red lieat is very small, and consei|nently, an (jxeess of carbon is used when 
earhon dimlphide e hem^ prepared. J. If. vafi't Holt showed that carbon disul¬ 
phide, l)eiiij( an endothormal compound, fits in with ids rule that a rise of temp, 
favours those substances formed with an ai)Sor|)tion of iieat. For an endothermal 
compound, C f 2S Cals., carbon disulpliide is fairly stable. T. E. Thorpe 

showed that when a small ijuantity of mercuric fulminate is detonated tn the vap. 

K aidplinr and carbon are formed, but not by the mechanical 

shock which attends the e.vpiosion of gunpowdoj, etc. In accord with M. Berthelot’a 
theory; , , 

• 

Tlio Bliock of the esplosiou comniiimeatos to Iho layer of tlio gaseous mok in immediate 
proximity to tho fulmiimto aniuionnous active foms whert'hy the mol. edifice is shaken to 
pieces, and tho initiol active force is augmented to a degree corrqspotiding to the heat 
evolved by tho decomposition of tlio gas. A new shook is thereby produced in tho next 
layer, and the action is rejwated and so propagated until the molecular system is 
completely destroyed. ^ 

• * • *■ 
’According to 0. Loew,2 when carbon disulphide exposed for many nvinths ' 
to sunlight, while protected from air, it decomposes, forming sulphur and a brown 
sulphide, C.S,. T. Sidot, and 8. Kern made observations ora the decomposition 
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of carbon disulphide when exposed to bght. H. Bf D»on and E, J. Russell, 
B. von Lengyl, and J. Jamin and G. Hlanenvricr, likewise observed the decomposition 
ff th(i liquid in the light, from an electric arc. G. Bruhat and M. Pauthenier 
observed that carbon disulphide in a, quartz coll deposits sulphur when expend to 
the light from a mercury arc-ihmp. The long-wave limit of deoomiiosition was 
A=S66fi/a. A. W. Hofmann found that carbon disulphide vap. is not dccomi)oaed 

electric sparks. S. Ji. Losanitsch found that hnder the influence of the silent 
discharge, carbo» disulphiae vap, is coavorted 'into a polymeride, (CS;|„, iftul an 
almost black subjtance, which decomposes into its components when heqted. 
A mixture? of carbon disulphi<le,and hydrogen under the influence of the silent 
dischargerfurnishes a brown substance, C 3 H 2 S 1 ,, which M. Bcrtiielot described as a 
•compound, C 2 H 2 S 4 . The action of heat on a mixture of ^arbon disulphide and 
hydrogen was studied by M. Berthelot, A. Cossa, and A. V. Harcourt; K. Witzeck 
investigated the heating of the mixture in a seale(| tube 1 ^. 250‘’«,‘570" It treated 
with zinc,and hydrochloric aeSci A. Girard, and Gawalowsky reduoed carhon 
disulphide to trimolecular thioformahbdiyde, (CHaS);,. A. Mittasch foffnd that if 
the mixed vapours are passed over heated nickel, mercaptan products*rc obtained. 
According to E. V. Evans and H. Stanier, carbon dusulphide vapour mi»ed with 
coal-gas and pa-ssed over In'ated nickel i.s reduced, *and the main reaction i.s 
symbolized : C 82 -)- 2 H 2 "C-|-' 2 It 2 S. The nickel is convAtod into .subsulidiide which 
acts as a cyclic catalyst. The pre.sence*ot thoria, alumina, or chromic oxide acta 
as a promotor. The reaction is utilized in C. Carpenter and E. V. Evans' system 
of |nirifying coal-gas from carbon disulphide, G. Just studied the solubility of 
hydrogen in carbon dusulphide. 

Carbon disulphide very readily inflames .in air, and burns with a blue flame, 
according to W. A. Earnpadius; ^ or a white and i>urple-red flame, according to 
b. N. Vauquelin and P. J. Kobiipict. J. J. Berzelius and A. Marcet exploded a 
mixture of carbon disulphide and oxygen by an electric .s])ark, and obtained sulphur 
dioxide and carbon dioxide as products of the combustion when tint supply of 
oxygen is great enough, but it the supply of oxygen be, small, carbon monoxide 
is produced a.s well. According to G. R. Stewart jnd J. S. Hurd, in the combustion 
of ynixtures of 2'5-4'() per cent, of carbon disulphide, and air, from 40-60 per 
cent, of the warbon disulphide is oxidized accorjling to the equations, CS 2 -I- 3 O 2 
- f'02-1-2802 ; froju 25-35 per cent, follows the reactioiij ^082-1-502= 200-1-4802 ; 
the remainder is unchanged. Sulphur trioxide docs nof^ioem to be formed. 
With a mixture containing 2'5 per cenff. of carbon disulphide, the resulting 
gases contain about 15 ])cr cent, of oxygen, 1 pes cent, of carbon dioxide, usually 
less than 1 per cent, of carbon disulphide and carbon monoxide^ and about 
4 per cent, of snljihur dioxidi^ If. B. Baker showed that thoroughly dried vap, 
of carbon disulphide mixed with (Tried o.xygcu explodes just as rcadifyvas when 
moisture is jircsent. A. Pedler found the heat developed during the exidosion of a 
mixture of air and oxygen is so great that some nitrogen is oxidized, and the nitrogen 
oxide combines with the sulphur dio.xide so that the gaseous ))roduct of the ex¬ 
plosion occRpies a less vol. than corresponds with GSo-f302=-C02-f 2 SO 2 . G. 8. Tur¬ 
pin observed that carbon disulphide undergoes a slow combustjon when heated 
with air or oxygen, forming a reddish-brown solid, which N, Smith found to have 
the composition OiBHnO^Sa. H. B. Baker concluded that combusti(»i»mu8t be 
preceded by decomposition into carbon and sulphur, and suggests as k possible 
explanation of the combustion of pure carbon disulphidq that, in this nascent state, 
carbon and sulphiir jnay combine with oxygen, whether dry or not. H. B. Dixon 
and E. J. Russell foulid that if a stream of air and oxygen be ]ias8ed over carbon 
disulphide, and the mixture flows through a tube at 200°, there is a gentle phos- 
,plforcsceut combustion resulting in*the fornJation of suljihur dioxide and the cqn- 
deiisation of a reddish-brown volatile substance. They found no signs of the 
resolution of carbon disulphide into its elements prior to combustion cither when the 
gases are passed thsougb a steady flame, as in A. Smithells’ separator, or at the 
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high temp.jOf the explpsiofi wave. When th^ gases are exploded over mercury, 
a black deposit m^y be formed, but this is finely divided mercury sulphide^ 
A. Lafiite showed that the spectrum of an exploding i^ixture of carbon disylphi* 
and ,oxygen is continuous. The rate o! explosion, in metres per second, with 
mixtures containing one m(Jar proportion of'carbon dioxide and n molar 
proportions of oxygen, is: < * 

n . , . 1 1/f 2 3 ,*4 < 6 • 

Rate olfplosion 1692 1702 ’ 176U 1802 ' 1753 gl732 2840 

Thcbmaximum velocity is thus obtained when sufiicient oxygen in present to burn 
the carbon and sulphur respectively to their dioaid^. The explosion wave is not 
propagated in the mixture CSa l J 02 . According to H. lo Chatelier and (Jt Boudou- 
ard, the lower limit cj inflammability is with mixtures containing D’OOfl grm. of* 
carbon disulphide per litre of air. H. B. Dixon and K. J. Bussell said that the 
mixture richest ifc carban disuljdiide which can be made to detonate or give the 
explosion Wave contains one vol. of oxygen to I'hivols. of carbon di 3 ulp^lide vap.; 
and in the other directhm the lirail is not sijquickly reached, for mixtures containing 
6-7 vols. of'wxygen and one vol. of carboy disulphide vap. still detonate. They 
found that the reaction which takes place when carbon disulphide is exploded with 
oxygen could not be expressed by any simple equation: («) When excess of oxygen 
is used, the products are ciftbon <lioxide, sulphur trioxide, sometimes free sulphur ; 
and in the explosion wave, carbon monoxide, carbonyl sulphide, and unchanged 
carbon disulphide, (h) With an insufficient quantity of oxygen, the products are 
carbon dioxide, Bul])hur dioxide, carbon monoxide, carbonyl sulphide, and carbon 
disulphide. When the amount of oxygen is successively diminished, the quantity 
of sulphur dioxide falls off, ami that of the carbon monoxide, carbonyl sulphide, 
and unchanged carbon disulphide increases. (") Even with small amounts of 
oxygen, there is always a division of the oxygen between the carbon and sulphur. 
Using a mixture, OS .24 i 0 . 2 , only a portion of the carbon disul|dddc takes part in 
the reaction. 1 *. Ballitc studied the formation of (he explosion wave in nd.xtures 
of oxygen and carbon disulpbidi'. H. T. Tizard and D. B. Pye noted the formation 
of hydrogen sulphide when a mixture of carbon disulphide vaj). and moist air is 
exploded: 082 I- 2 H 20 -- 2 I 1 . 2 S l-UO.j. When burnt in the Smithells’ separator, 
the ])henomena are altogether (]iflere,nt from those observed in the explosions. 
The interconal gases conaj^t of nearly equal vols. of sulphur dioxide and carbon 
monoxide, together wfrh sulphur vap. and some unchanged carbon disulphide, and 
small quantities of carbonyl sulphide affid carbon dioxide. W. A. Lampadius said 
that carbon disulphide takes firis m air below 1(X(", and it is said by M. Berthelot 
to be more fctlainmable Jhan ether. J. J. Berzeliu.s and A. Mareet estimated the 
ignition temperature to be “ just above the b p.,of merenry ”(.e. 357°-3D8°. 
E. Pranldand gave. H!l°; B. Bdttger, 228“; if. B. Baker gives the ignition point 
of carbon disulphide, mixed with oxygon as 258“-2()0'’. 0. 8 . Turpin states that 
when carbon disulphide is mixed with ten times its vol. of oxygen, the, slow com¬ 
bustion develops into ignition at 160“; and when mixed with ten times its vol, of ait 
it ignites at 290°. H. B, Dixon and K. J. Russell stated that the change from the 
slow phosphoresQent combu.stion to actual ignition is not sharp, and that carbon 
disulphide cannot be said to have any definite ignition point. In some cases they 
ignited a»niixtufe of oxygen and carbon disulphide below 180’, at other times no 
ignition occurred at 230°. E. Berl and H. Fischer gave tor the explosion limits of 
mixtures of air and carbon disulphide vap. in a glass globe 27 mm. diameter, 
2'22 and 31'20 per cent, carbon ilisulphide, and in a glass gloiie 18 mm, diameter, 
2'69 and 30 20 per cent. In an iron vessel at ordinary temp, 3'38-29-20, 
and at 100°, 1'36-33T0 per cent. According to T. Whilf, E. Sell, B. Delachanal 
and A. Mermet, and M. Tiffereau a milture of ciirbon disulphide vap. with oxyg'en , 
burns with a very bright blue flame which is particularly rich in actinic rays, and 
is applicable to photographic work. H. C. C, Dibbits studied the spectrum of the 
carbon disulphide flame. According to B. Pringsheim: • • 
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The temp, of the flame of carbon jieiilphide con bo made jrery low; the light is not 
irilliant but is distinctly blue end can rfadily bo seen in a darkened room. The temp. U 

low and the amount of heat generated is so small that one can h*old one's finger in the 
lame ifidefinitely without foellbg more than a moderate sensation of heat. . . . The carbon 
lisiilphide flame was regulated so that it just burned ; the flame was very long and poanted 
if sbaiie. Repeated measurement^ with a thermocouple, at the hottest portion of the 
laini just below the point, gave temp, between 114° And 146°. We can therefore say 
iefinitely Jhat this flame co,(itinuea burning at temp, bglow 150°, below the ignition temp, 
if the inflammable mixture wlsich gives rise to the flame. The light emitted by*thi^flame 
has a very considerable photogi’aphic action'. . . The flame gives a continuous spectrum 
which is much weakGS io the red part than in the blue and violet; it is very like the speo- 
tftun obtained when sulphur or hydriMen sulphide burns in the air. There can be no doubt 
but that tge are dealing with gases which luminesce in conscquence,of chemical reactions 
and not in Kou^quence of high temp. 

* 

According to M. Berthelot, a mixture of air and carbon disulphide vap. may be 
exposed to diffused daylight for a year without typy change taMng place, but if 
exposed tg bright sunlight, some reaction takes jilaeo in an hour or two, and a 
yellowish-white substance is deposited w[)ich contains sulphur, carbon, and oxygen, 
whilst carbon monoxide and carbon dioxide are also formed, and rwnain mixed 
with the residual oxygen and the nitrogen. No nitrogen enters into com.binatioii, 
and in this respect the action of light differs from that of the silent electric discharge. 
The most important point about the reaction is that thb light has no efiect until it 
readies a certain and somewhat high intensity; it is, therefore, analogous to the 
many reactions that do not lake place below a particular temp, J. J. Berzelius 
and A. Marcel said that when carbon disulphide is kept under water for a long time 
in vessels containing air, it acquires a yellow colour, and is partially oxidized to 
sulphur and carbon dioxides. According to 0. Loew', the slow action of water on 
enrhuu disuljihide in sunlight produces a little formic acid ; and when carbon 
disulphide is heated wifli water and iron filings in a sealed tube at 100 °, ferrous 
formate, iron sulphide, carbon dioxide, and two sulphur compounds are formed. 
N. Hmith found that the slow comhii.stion of carbon disulphide in the presence of 
water vap., at 175° 180°, furnishes a jiroduct with the composition OioH(| 04 S|j. 
This compound lias acidic piopcrties, and an <s,i)monium salt and a silver salt, 
were prepared. L. Giirwitsch observed that the reaction CS 2 -I- 2 H 2 O 
;= 21 f. 2 .S-|-<' 0 ^-ia catalyzed by partially dchydratqd aiumind hydrate. Q, Chancel 
and K, I’armcntier measured the solubility, S grins, per I 60 c.c. of soln., of carbon 
disulphide in water, and found 

11 ’ 111" li‘ 20 “ 25" 3<l" 40° 45" 40” 

A' . . 0-204 0 194 0-187 0-179 0-169 ° 0-165 O-lIl 0070 0 014 

A. Rex gave at 0°, 10°, 20°, eind J 0 ° respectively 0-258, 0-239, 0-217^_and 0'196 
grm. of carbon disulphide per 100 grms, of water. According to W. Hci'i, at 22°, 
100 c.c. of water dissolve 0174 c.c. of carbon disulphide.'and the vol. of the soln. 
is 100-208 C.C., and the sp. gt. 0-9981; reciprocally, 100 c.c. of carbon disulphide 
dissolvjj 0'961 c.c. of water and the vol. of the soln. is 100-961, and the sp. gr. 1-253. 
The solubility of carbon disulphide in water was also measured by E. M. PMigot, 
W. T. Page, F. Sestini, M. Ckiandi-Bcy, and J. B. A. Dumas. P. Villard said that no 
hydrated carbon disidphide can he formed at ordinary press., but at 75 atm. press, 
crystals of a hydrate are formed between 0 ° and 1°. M. Berthelct reported 
2 (kS 2 . 3 H 20 ; M. Ballo, CSj.HjO; and E. Duclairx, 2 CS 2 .H 2 O. A'. Marcet, 

y. Wartha, and F. P. Venable have made observations on. possible hydrates. Accord¬ 
ing to C. Caigniaid de la Tour, when the temp, of a mixture of water and carbon 
disulphide in a sealeif glass tube is gradually raised, the mixture becomes turbid, 
then clear. The colour at first is greenish but gradually darkens, becoming at last 
. nearly black. The carbon disulphide rises to the top of the water and then passes 
into the state of vap. On coohng, the green colour of the water changes to yellow, 
and the undecomposed carbon disulphide again sinks to the bottom. F. Schlogden- 
hauSen obtathed a mixture of carbon dioxide and hydrogen sulphide by heating 
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the mixtUKvof water ai«l carbon disulphide in a sealed tube at 160°. M. Berthelot 
found that a mi-xtur*! of the vap. of carbon diuulphidc and water give methane a,n^ 
ethylene when passed over iron or copper at a dull *red-hpat. At lower dienip., 
saidtR. Witzeck, some carbonyl sulphide is formed. By heating the mixture of 
water and carbon disulphide ^nder press., P. SchWenberger obtained crystalline 
carbon hydroswlphide, CS 2 .H 2 S. 

Accorjling to H. Moissan,'' fhe vap. of the carbon ^iSulphide inflameh when m 
contact with cold fluorine ; and if a curtent of fluorine is passtd into the liquid 
disulphide each bubble of gas becomes luminous. A mixture ofactrbon and sulphur 
fluorides is produced, but no free carbon. .1. J.«Be{zelius and A. Marcet observed 
that carbon disulplfidc is di!Coin]iosed by chlorine. According to B. Rdthke, dry 
chlorine at ordinary temp, reacts very slowly with carbon disulphide, forming sul¬ 
phur chloride, carbon tetrachloride, and some thiocarbonyl chloride. A. Mouneyrat 
found that alumfnium abloridcnacts as a cataly.st 011 the reaction* B. Aronheini, 
molybdctftim pentachloride; and A. W. Hofwiann, antimony peiitachloride. 
In the presence of iodine, P. Klason, and Ratbke found that chlorine reacts with 
carbon disitlpliide [iroducing sulphur chloride, carbon tetrachloride, and per- 
chloroiiRthyl imncaptan, (^'Cln.SCI. K. Weber also obtained red crystals of sulphur 
chloroiodide, Kfl 3 ,S(Jl 4 . P. Klason investigated the dilferent stages in the reaction 
between chlorine ami carbon disulphide^ H. Muller investigated the action of 
chlorine on boiling iodiferous carbon disulphide. Moist chlorine was found by 
II. Kolbc to act more ra|)idly than the dry gas, and be obtained trichhriimelhi/l 
sulphuryl chloride^ ('Clj.Sttit'l, as a jiroduct of the reaction, and B. Rathke, and 
M. Albrecht obtained pmithromellii/lmercapitin, or thiocarbonyl tetrachloride, 
CCI 3 .SCI. According to if. Kolbe and A. W. Hofmann, when a mixture of dry 
chlorine, and the vapour of carbon disulphide is passed through a red-hot tube, 
sulphur chloride and carbon tetrachloride are formed. C. Hell and F. Urech ob¬ 
tained an oil, carbon disulphotetrabromide, CSjBrj, when dry bromine is allowed 
to stand in contact with carbon disulphide for several days, or when a mixture 
of carbon disulphide and bromine water is allowed to stand for some time. 
M. I. Konowaloif and W. Plotikkolf obtained a number of compounds of carbon 
disulphide with bromine, aluminium bromide, ethyl bromide, bromoform, etc. 
— c.i/. ('SjBr^.AlBra ; fBj,Br4.2AlBr.,; CS.,Br4.AlBr3,t'llBr3; CS2.2A?Br3.2C.,H5Br ; 
CSjBri.AIBrj.OsIIsBr^; (^S^.VlBrstOHoBr.CH.Br); and CSj.AlBcdCHj.CHBrj). 
F. Urech, and J. Hakermann obtained carbon tetrabromide by the action of bromine, 
on carbon disulphide in the presence oFwater or alkali-lye, and exposed to sunlight. 
T. Bolas and tk E. (droves found that when a mixture of carbon disulphide and 
bromine is heatfd for a Igng time in a sealed tubci at 180°-200°, carbon tetrabromide 
is formed., K. Hiiland, and T. Bolas and C. Gnpvcs found that the reaction is 
accelcratV'd by the, presence of iodine, or by tlu! bromides of antimony, arsenic, 
bismuth, gold, etc.; and A. Mouneyrat, by aluminium chloride. R. Weber showed 
that iodine trichloride acts like chlorine in the presence of iodine. J. B. Hannay 
represented the reaction: 4 CS 2 -|-GlCl 3 -. 2 CCl 4 -f 2 ('SCl 2 -|- 3 S 20 l 2 + 3 l 2 ;^it was also 
studied by R. Weber. The solubility of bromine in carbon disulphide has been 
investigateci by ,H. Arctowsky—tide bromine. The solubility of iodine in carbon 
disulphide, and the partition of bromine and* of iodine between water and carbon 
disulphide was measured by M. Berthelot and E. Junglleisch, E. Angelescu and 

D. Dumitrescu, and A. A. Jakowkin—vide iodine. The sp. ht. of soln. of iodine 
and of bromine in carbou disidphide were measured by J. C. G. de Marignac. 

E. Drcohsol found that carbon disulphide is not attacked by hydriodic acid in 
a sealed tube at 160°; M. Berthelot studied the action of carbon disulphide and 
hydrogen iodide at a red heat and noted that methane is produced. A. J. Balard 
found that the vap. of carbon disulphide explsdes when in contact with chlorine 
monoxide, forming carbon dioxide, sulphuric acid, smphut chloride, and chlorine; 
P. Sohatxenberger found that with chlorine monoxide, carbonyl and thionyl 
chlorides are produced. A. J. Balard found that with a s 6 k. of hypochlorong 
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acid, chlorine, carbon dioxide, and sulphuric and hydrochforic acids arc produced. 
J. C. Bitsema represented the action of alkali hypochlohte by SKOCl+CSj 
^6KQH=2K2S04+K2C0^8K01+3H20. W. M. Dehn said that when carbon 
disulphide was treated with sodium hypobromite, the oil disappeared rafidly, 
ahd enough heat was developecf to boil the unchai^tal carbon disulphide. When 
treated "with different quantities of sodium hyjrobromite, solu. wore obtained 
cRntaining sulphide, sulplnte, sulphate, formate, and carbonate. An.exc4'ss of 
sodium hypobroiAite yielded quautitativSly the sulphur as sulphate. According to 
C. Cagniard dc htaTour, if a mixed aq. solu. of potassium chlorate and cation 
disulphide *is heated in a sca^dAube, the liquid effervesces and some sulphur is 
formed. Vn opening the cooled tube, a gas escapes and the water has an acid 
reaction. A. Ditte represented the reaction between iodic acid, water, and carbon 
disulphide by the equations: ‘dlllOj+CSo—I.>d-C02 rll2S04+S; and 2HIO3 
•4-2CS2+2H20^2C02+2HI+H2S044-H2S p 2 S. S. Schli%denhauffen found that 
iodic acid,J)roinic acid, and thelodates, bromates, and chlorates, and hypochlorites 
oxidize carbon disulphide when heated ip a sealed tube, forming hydrogen halide, 
a metal halide, etc. The solubility of S1}lphur in carbon disulphide baleen studied 
by (!. Gore,-'’ A. Cossa, H. Arctowsky, etc .—vide sulphur., J. . 1 . Berzelius stffdied the 
properties of the soln. The sj). gr. of the sohi. has been measured by G. J. Pfeiffer; 
the sp. ht. by J. C. G. de Marignac ; aqjl the refractive index by V. Berghoff, and 
C. Porch. The solubility of selenium in carbon disulphide was measured by E. Mit- 
schcrlich and G. Gore,—m’dc selenium. G. Gore investigated the solubility of the 
sulphur and selenium chlorides, bromides ami iodides (q.v.) in carbon disulphide. 
According to P. Schiitzenberger, if a mixture of hydrogen sulphide and the vap. of 
carbon disulphide be passed through a tube cooled to — 25 °, an unstable crystalline 
compound, carbon kydrosidphide, CSj.HaS, is formed; and, according to M. Berthelot, 
if the mixture be passed over copper or iron at a dark red heat, methane and ethylene 
are produced. According to J. . 1 . Berzelius, soln, of the alkali sulphides, and, 
according to B. Holmberg, soln. of the alkali hydrosulphides, absorb carbon disul¬ 
phide and form alkali thiocarbonate, in the latter case with the development of 
hydrogen sulphide. According to A. Gelis, carbim disulphide unites with sodium 
disiSphide, Na.2S2, to form nodi urn perlhiocarhonak. Na2GB4, with the development of 
heat. P. ScstiSi studied the so lability of carbon disulphide jn"liquid sulphur dioxide; 
he found that mixtures of sulph ur dioxide and carboii dis,plphidc, dry or moist, 
do not give carbon monoxide, when heated. M. Albrecht fotlad that when carbon 
disulphide is boiled with potassium sulphite fn the presoqce of some alcohol potassium 
methyl mercaptan trisulphonate, HS.C( KSOjlj, is formed. According to A. Oeuther, 
carbon disulphide is miscible with sulphuric acid free from water." M" Brault ami 
A. B. I’oggiale found that carbon djsulphido is decomposed by cold sulphuric acid, 
forming sulphur and carbon ; and when a mixture of the vap. of these”’two sub¬ 
stances is passed through a red-hot tube, carbon monoxide, sulphur dioxide, hydrogen 
sulphide, and sulphur are formed. H. B. Armstrong represented the reaction at 
100° ^tween sulphur trioxide and carbon disulphide by the equation SOj-|-C82 
=S-1-S02-1^0S. J. Dewar and G. Cranston found that chlorosulphonic acid 
reacts in an analogous manner. j 

M. Berthelot * noted that under the action of the silent discharge a mixture of 
carbon disulphide vap. and argon, in the presence of the liquid at 20°, Showed the 
argon to be absorbed, and he believed that combination occurred. He also studied 


the absorption of helium and nitrogen by carbon disulphide. G. Just measured 
the solubility of nitregen in the liquid. According to ,J. J. Berzelius and A. Marcet, 
dry ammonia is slowly absorbed by carbon disulphide producing a substance whoso 
composition depends on the conditions of the experiment. W. C. Zeise said that 
,110 ammonium carbonate is formeck, but the dark brown liquid which is produced 
contaiis ammonium thiocarbonate and thiocyanate. N. A. E. Millon found that 
if evaporated in moist ammoniacal air, the vap. is oxidized, forming a dense cloud. 
A. Laurent, .P. TcheAiiac and H. Gunzburg, H. Debus, M. Freund and Q. Bachrach, 
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fl. J. MuMer, and C.’fl. van Zniitween also studied the reaction in aq. or 
alcoholic solii. Carhoii disiilphidi' dissolves abtindantly in alcohol sat. with animoi^ 
gas, and, added VV. C. Zeise : • • 

Too noln. roitmiiis alkaljms l■v(.n ivitli a'largo emesn of carbon (liBulphidc. Ev^n 
when protected from Itii' air it Jiooii tiiiiis yollow, tJioii brown, and sinella of hyijrogen 
nulphido. After flio lapse of from 10 lo ,'10 mins., it deposits yellow feathery Crystals of 
smmminirn thiorarbonale; tbon*moro shining crystals of Aiininonium thiocyanate are 
tormoS, wliilc ttioao of the earboimtoliydiosalphido diininilli in quan|ity. The alcoholic 
liqqjd still retaiiiH very large quantities of aininoniiim thiocyanate and hydrosuiphide, 
which, on distillation or exposure to the air, are resolved into amiffoflium hydrosuiphide 
which oscajies, snliiliur wtiieli crystallizes out. anim*niign thiocyanate which remains in 
sotn. In the first fttage of Hie reiu-lion three mois. each of ammonia ^nd carbon 
disulpliido reoi-l lo forqj a inel. each ol ammoiiiuin thioeiirbonate and tlWocyanate; the 
decroaso in the proportion of tbo former, the increase in llie proportion of ttie latter, and 
the formation of i^imoniinii sulphide are probably due to a reaction between two mois. of 
thiiK-arbonate and one mill of iimeionia, to form iliree mois. of liydrogen Sulphide, and one 
of thiooyi^iie acid. • ^ 

According A. (iohllicrg, if carhim diaul)ihiilc and alcoholic ammonia are heated 
at fill" yiidcr press., oncdialf the sulphur.i.s converted into ammonium sulphide, 
and he attempted to appity the reaction in (piantitative analysis. At a red-heat, 
aiiimuiiia and carliun disiiljihide vap. were staled liy F. Sclilagdeiihaiiffen to react.* 
According to ( 1 . Ingliilleri, when carliuik disulphide and ammonium carbonate 
are heated in a sealed tube at 100" 110’, ammonium dithiocarbonate is produced; 
at 120 '’-l.'i 0 ", ammonium thiocyanate; and at Kill'’, an almost quantitative yield 
of thiocarliamide i.s obtained ; if the mixture in alcoholic soiii. i.s heated on a water- 
liath, an almost quantitative yield of ammonium thiocyanate, is obtained. P. Beil- 
stcin and A. Oeiither found that when the va|i. of carbon disulphide is passed over 
ihcated sodium amide, sodium thiocyanate is formed. C. A. L. de liniyn studied 
the reaction between hydroxylamine and carbon disidpbide, which is attended by 
the separation of .sulphur. A. Goldberg attempli'd to separate tlie, sulphur from a 
mixture, of carbon disiilpliide and benzene by the liydroxylainine reaction. T, Curtins 
and K. lleidenriecli found that carbon disiilpliide and hydrazine hydrate, in the cold, 
form ditbiocarbazinic acid, H.^H.Nfl.Cti.SU; and M. Busch boiled a mixture of 
carbon disiilpliide wit]ji hydrazine and iileoholic soln. ol potassium hydroxide and 
obtained thiodiazolditliial. A. W. Browne and A. B Hoel showedMiat the vap 
of carbon disiilpliiileais iereversibly and (juaiititatively absorbed by aq. soln. ol 
potassium sor ^ium azide at rooii^ tem|i., and the use of the reagent as an 
absorbent in gas analysis was discus,sed by A. . 1 . Currier and A. W. Brotwie. 

The cbi^acljr of the flame lirrni.slied by a burning mixture ol carbon disulphide 
vap. and nitric oxide has been indicated in connection with the oxygen and carbon 
disulphide? flame. According to L. H. Friodbiirg,»nitric acid at ordinary temp, 
has no action on carbon disulphide; and, according to S. Cloez and E. Giiignet, 
there is no reaction with the boiling acid ; but, according to M. Tiffereau, the carbon 
disulphide is oxidized at ordinary temp, if tlie mixture be exposed to sunlight. 

F. Scldagdciihauden found that the mixed vap. of carbon disulphide and nitric 
acid passed,through a red-hot tube form sulphuric acid and nitrous fumes. The 
vap, of carbon Bisulphide also reduces the nitrites. According to F. Sohlagden- 
hauflen jqjd M. Bloch, when an excess of ^iqua regia is distilled with carbon 
disulpliido—eiriicr immediately after mixing or after contact for some hours—red 
nitrous fumes and unattaeked carbon disulphide first pass over, followed by a very 
volatile substance, which c’an be condensed by using a freezing mixture of ice and 
salt; it proved to be IricMorniiiHliyUuliiliurous c/i/oridc, SO(Qi’Cl5)CI. 

The solubility of phosphorus in carbon disulphide has been measured by 
A. Vogel,’ H, Giran, etc.-pwife pliosplionis. . 1 . C. G. de Marignac measured fhe 
sp. ht. of the soln., and V. Berghoff, the indicci of refraction. M. Berthelot found 
the vap. of carbon disulphide and phosphine produce methane and ethylene when 
passed over copper or iron at dull redness. According to L. P. Cailietet and 
M. Bordet, when a mixture of dry, phosphine and carbon disuljihide iS compressed, 
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M conuJound is formed, but in the presence of a little water,m while cryatalUne solid 
h deposited which dissociates whetk the temp, is raised, orathe press, relieved. 
According to E. Drechsel, farbon disulphide and phospho&iam iodide react in 
In iron tube at 150 \ forming trimethyl. phosphine hydriodide ; and if an eicoss 
If carbon disulphide is used, H. Jahu found that methane is produced. A. W. Hof- 
manfi found that triethylpbosphine unites with cArbon disulphide, forming red 
pismaticssrystals, P(C,H;)^C82. The solubilities df the chlorides, brouvdes, and 
iodides of phosiAoru8« arsenic, and antimony in carbon disulphide have been 
measured by G. (iop:'. E. Carius, and B. Ratlike studied the action of phosphorus 
pAntachloride and obtained tliiocarbonyl chloride, etc. F. Schlagdenhauifcn 
found thaktwhen carbon disulpTiide and arsenious acid or arsenic acid and the salts 
ef these acids'are heated in a sealed tube, arsenic sulphide is formed. According 
to A. W. Hofmann, carbon disulphide reacts vigorously with antimony penta- 
bhloride, formiag carbon tetrachloride, antimony tiichloridt, sulpfinr, and sulphur 
chloride. B. .‘tronheim, A. Hu^emann, A. Bertrand and E. Finot also 8|Jidicd the 
reaction. II. Moissan found that the v^. of carbon disulphide attacks boron at 
a bright red heat, forming boron sulpljidc; he also found boron triAdide to be 
soluble in carbon disulphide. According to E. Fremy, Imron trioidde is cdhvcrted 
into the sulphide when heated in the vap. of carbon disulphide. 

The ailsorpt.ion of the vap. of carbon disulphide by dhrbon has been studied by 
, 7 . Hunter,'* A. Eiloart. J. N. Bronsteif and V. K. la Mer, and . 7 . Driver and 
J. B. Firth. According to S. M. 7 ,o.sanitseh, when the vap. of carbon disulphide 
and ethylene are exposed to the silent electric discharge, brownish-yellow carhon 
elhtjUw dmdphide, r)t'S.2.2C,2H4, is formed ; with acetylene, black caibon acMylene 
iisulfhulc, 3(.'S2.2G.,H2, i.s produced ; and with carbon monOidde, brown carbon 
carbonyl disulphide, .‘H.So. 200 , is obtained. G. Just measured the solubility of 
carbon dioxide in carbon disulidiide. E. Sehiine said that carbon dioxide and 
disulphide form carbon monoxide and siiljihiir when passed through a red-hot 
tube; and ('. Winkler said that some carbonyl sulphide is formed, particularly 
if the mixed gases are jiassed over heated |>latinizcd asbestos. The main 
reactions with carbon dioxide are representwl: GO2+G82— 2 GO-|- 2 S, and 
CO f S-l-H.20v-C02-f HjS ; the secondary reactions : CO |-S—COS ; and 
]i2ST^H2-l-S. vT. Carnelley found that when a mi.xjnre of va^. of carbon disulphide 
and ethyl alcohol is passed over copper at a dull red-liejt, carbonyl sulphide, etc., 
are formed. C. Tiichsehmidt and 0 . Folleniiis studied the llilubility, of carbon 
disulphide in *.0. per ItX) e.c. of aip soln, of ethyl alcohol at 17 °, and found 

Alcohol. . too 118-15 DU-ri-l 81-12’ 48-40 47-90 per ecrit. 

CSj . . 90 1:12 70 20 i *0 "c.o. 


F. Gnthrie found a soln. of cthjl ahtihol with per cent, of carbon dieulphide 
remain.s clear down to — 18 - 4 °; with Httul per cent. CS2, it becomes turbid at 
-t 4 ' 4 °; with 7 !)' 9 () per cent. CSc, it becomes turbid at —10'1°; with 05'11 per 
cent. eSc, it becomes turbid at -- 17 ’ 7 °; and soln. with 5 'J '58 to 2!)'92 per cent. 
('82. reihainclear down to - 20 °. E. C. .BcKelvy and I). H. Simpson studied the 
solubility in ethyl alcohol and in methyl alcohol. V. Rothmund found that with 
methyl alcohol two layers are formed,and that the percentage amounts of carbon 
disulphide in the two layers are: , , 

10° 2II’ 25" 30” 3.7"* "40-5” 

CHjOHlayoi . . 45-1 60-8 64-1 58-4 64 0 80-5 

(•8,laye,r . '. . 98-3 97-2 964 95-5 93-5 805 

« » 

The critical soln. teihp. is 40 ' 6 °. J. H. Schuller, J. C. G. de Marignac, A. Winkel- 
mann, L. Ifrank, F. Guthrie, and F. D. Brown have studied the properties of 
giiiAures of carbon disulphide with ether, * chloToIotm; benzene, and carbon 
tetrachloride— vide supra. For the action of alcohols in the presence of alkalies— 
vide infra, the xanthogenates. Numerous reactions of carbon disulphide with 
organic compminds have been studied. According to 0 . Licbermaun, parafBn can 
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absorb thrse times to wefght of carbon disulphide, and has accordingly been 
recommended as aa absorbent for the disulphide in desiccators. E. Fr?my ant^ 
A. Colson found that at a high temp, carbon disulphid^ reacts with silicon, (ormiiig 
silicon siilphuhe 

It will l)(! observed that carbon disulphide his marked solvent Qualities ; it 
di.ssolvcs nitrogen chloride, hydrogen sulphide and persulphide, bromine, idJine, 
sidpipir, ,s<denimi], arsenic, mtimony, the chloridjp* of phosphorus; sulphur, 
seleniuiii, arsenic, antiiiiony, tin, titanium,*sulphnr dioxide, pitrogan oxides, carbonyl 
sulphide, etc. It also dissolves fats, oils, ethereal oils, rc8i|^*colouring agents, 
camphor, caoutchouc, gutta-percha, wax, pa^fiin, etc.—F. Schlagtlenhaufien, 
0. Gore, etc. * 

According to ,J. .I.Jlerzelius," heated potassium takes fire in the vap. of carbo" 
disulphide, and burns with a reddish flame, and becomes covered with a black crust, 
which di.s.solves tn wat*r with^he separation of carbon. According to 0. Loew, 
when sodium and carbon disulphide are heateil'in a sealed tube at HO'-lfiO", 
sodium sulphide and sodium thtnses(iuica^ionate, Na^CoSg. are formed. 'The latter, 
with wati'C gives Ihiosesguicmbonic acid, L. Raab obtained a product, 

GpS;. "By treating a liQipd alloy of potassium and sodium with rectified carbon 
disulphide, T. E. Thorpe obtained a yellowish-brown [lowdcr which he said was 
more explosive than nitSigen iodide. Observations on the action of carbon 
disulphide on the idkali metals or their amalgams have been made by (!. I.dwig, 
II. h’cigel, It. Hermann, 0. Reichl and E. Guignet. When carbon disulphide vap. 
is pa.wd over red-hot copper or iron, not sufficient to decompose it completely, 
it is converted into a rose-red liquid which contains carbon monosulpbide and 
undeconqxised disul|dude; at the same time, the copper is converted into sulphide, 
and, ailded .M. ('luzel, the sulphide is coverwl with a layer of carbonaceous matter, 
but L. J. Thenard and Ii. N. Vauquelin obtained no evidence supporting the 
latter statement. S. Ivern also said that iron at ordinary temj). transforms carbon 
disulphide into the monosnlphide; arul, according to V. Merz and W. Weith, there 
is formed at " 270", iron sulphide and a dark brown substance which is probably 
an iron sulphoearbide. The la»t-named also obtained with copi)er at 200°-2,')0°, 
copper sul|ihide and a black carbon sulphide. A. Cavazzi passo<l the vap. of ca.bon 
disulphide over heateiT qopper, ifon, silver, magnesium, zinc, and aluminium, and 
obtained t he metal jjulpjjides and graphitoidal carbon; no compound of carbon 
with sulpluir was lAiscrved to be formed. According to E. Lionnet, if a strip of 
tin foil be wrapped spirally about a ^Id or platinum wire, and di} 4 )ed in carbon 
disulphide, tin sulphide, and colourless crystals are formed. He thought the crystals 
were veritSile* diamomjs {tj.v.). P. Schiitzenberger passed the vap. of carbon 
disulphide ovei platinum sjtonge at 4t)0"-45Q", aud obtained a pUiiinum sidpho- 
carbide,'VtJSS.,. * ^ ^ 

J. J. Berzelius and A. Marcet found that the alkaline earth oxides arc converted 
into sulphides and c.irbonates; and the former also found that iron oxide, manga¬ 
nese oxide, and tin oxide arc converted into the corresponding sulphides and sulphur 
and carbon dioxides. Carbon disulphide is a powerful sulphurizing ageift; according 
to E. FriinfJ'.'^de plus encrijcliipic quon coiimisse, for it readily converts the metal 
oxifies into their sulphides. F. Schlagdenhauffcn obtained the corresponding 
snlphiddp'by heating lead oxide, zinc oxide, cobalt oxide, antimony oxide, iron 
oxide, and manganese oxide, with carbon disulphide in a sealed tube at 250°. 
According to E. Freiny, and F. G. Rcichel, carbon disulphide vap. converts red-hot 
magnesia and alumina into the corresponding sulphides. A- Gautier found that 
when carbon disulphide is passed over red-hot china clay (kablin), carbonyl sulphide, 
silicon sulphide, and aluminium thiosilicatc are formed; while with alumina, 
aluminium sulphide and" carbonyl sdlphide aie formed. H. Rose found tahtalio 
oxide is likewise converted into the sulphide. ' ^ 

Aq. soln. of alkali hydroxides slowly dissolve carbon disulphide, forming alkali 
carbonate and thiocarbonate; 6KOH-f-3CS2=K2(X)3-f2KjCS3-f3HiO. F. Sestini 
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tbo found that by digesting carbon Sulphide and an aq. solb. of an allraii carbonate 
ft 60°, carbon dioxide is evolved, and alkali thiocarbonate is formed. D. Walker, 
Ind R Sestini found that«an aq. soln. of calcium hydroxide at ordinary temp. 
3 r at 50°, furnishes orange-jellow needles of calcium hydroxythiocarhtmle, 
iHiCS 3 .Ca(OH)g. 6 (or TlHjO; banum hydroxide, and ma^esiom hydroxide, under 
limitar eonditions, form respectively barium and mmneiium hydroxt/thiocarlnnalea ; 
hht carBon disulphide ’dpes not act on xinc hydroxide. G. Chancel and 
P. Parmcntier fohnd that when baryta-#ater is mixed with an aq. soln. of carbon 
iisulpbide, or wiNi a mixture of carbon disulphide and water, very little action takes 
place at the ordinary temp., ^utuf the mixture is heated an abundant precipitate 
af bariunNcarbonate is formed, and the supernatant liquid becomes yellow. If 
the mixture is heated in sealed tubes at 100 ° for some time, the liquid gradually 
becomes colourless, and the amount of barium carbonate forme^ is greater than 
that calculated? from the equation given by J. J. Berzeliu?, 3 CS 2 +bMOH=M 2 COs 
-|-■ 2 M.,CS 2 J-SHgO. When carbort>disulphi(ie is heqfed with an excess of a^omewhat 
lil. soln. of barium hydro.xide at 100 °, in sealed tubes previously filled with nitrogen, 
the reaction is represented by the equation: CS^f- 2 Ba(HO) 2 =BaOty 2 +Ba(SH )2 
+H-gO, If the mixture is heated in contact with air, the ^ame proportion oPbarium 
jarhonatc is formed, but it is mixed with a certain quantity of barium sulphate 
formed by tlie oxidation of the hydrosujphide. F. Schlagdenhaullen investigated 
the action of enrbou disulphide on many salts. Molten potassium nitrate oxidizes 
tlie vap. to carbon dioxide, nitrous fumes, potassium thiocyanate, and sulphate; 
potassium nitrite Irehaves similarly; and when potassium or lead nitrite and 
sarbon disulphide are heated in a scaled tube, carbon dioxide, the metal thio- 
Bvanate, etc., are formed. E. Obach found that carbon disulphide is scarcely 
atfei'ted by a cold .soln. of potassium permanganate, but, according to 8 . Clocz and 
B. Guignet, a boiling soln. is quantitatively reduced, forming sulphuric acid, and 
carbon dioxide. F. Schlagdenhauften found that carbon disulphide reduces 
chromic acid ami the chromates, the lower oxide of chromium being formed when 
the mixture is heated in a sealed tube; similar results were obtained with 
molybdic, tungstic, vanadic, and titanic acids. Uc also found that many metal 
saltf when heated with carbon disulphide in a sealed tube to 200°-250°, in the 
presence or absence of water, furnish sulphides, aud carbon •dioxide and the acids 
of the salts are set free— cuprous chloride is but littiji aljaoked at 250°, and 
cuprous iodide is not affected at 300°. II. Mlillcr studied thdfbchaviour of .some 
metal salts toSrards carbon disulphide. * 

A. C. Becquerel, and F. WShler studied tlie action of a copper plate dipping in 
superposed layers of carbon disulphide and an aq. soln. «f cuprirTnlTIrato. The 
former said copper suboxide, thwlattgr said cupric sulphide, is deposited imthe lower 
part. According to G. Gore, carbon disulphide dissolves stannic chloride an^ titanic 
chloride. H. Arctowsky measured the solubility of stannic chloride in carbon 
disulphide at low temp.; and he also found that at 20 °, 100 grms. of a sat. soln. con¬ 
tained (I042grm. of mercuric chloride, or 0187 grm, of mercuric bromide, or 0 320 
grm. of merraric iodide. C. B. Lincbarger also measured the solubility of the three 
mercunc halides in carbon disulphide. H. Arctowsky also found mercdric nitrate 
is very soluble in boiling carbon disuHihide; ferric chloride, and lead nitrate ire 
also soluble in carbon disulphide, but most other salts of the metala.are ItJboluble. 
B. Aronheim studied the eflect of molybdenum chloride on carbon disulphide. 

Reactions of analytical interest. —According to At W. Hofmann," carbon 
disulphide can be quaftjitatively determined by passing the vap. through an ethereal 
soln. of triethylphosphine ; and the red crystalline compound PfCjHsls.CS^ dried 
m vacuo and weighed; according to E. Fischer, M. Busch, and C. Liebermann and 
A. Scyewitz, the white compouidl it forms with phenylhydrazine, namely, 
CeH .NH.NH.CS.S.NH.NH.CeHs, can be used in a similar manner. According 
to G. Chancel and F. Parmentier, carbon disulphide can be estimated by heating 
in a sealed tuBe at 100 ° a mixture of carbon disulphide and baryta-water ; barium 
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aulplmie is farmed. This is convi’rted into barium sulphate and weighed. Accord¬ 
ing to 0. Dcnigcs, wtien a mercuric salt is wartncdwith carbon disulphide, a disuly 
pliohalide, HgXj.'dHgS, i.s formed as a characteristic crystalline precipitate!; 
A. Goldberg treated carbon disulphide with aq, ammonia whereby a mixture 
of hydriwulphide and thiocyqiiate is formed : CS2-l-3NH3->NH4HS-fNH4CNS. 
The sulphide is then titrated tyth aiumoniacal soln. of a zinc salt. When carbon 
di.sul|)hidt i.s treated with an alcoholic soln. of potasfiSm hydroxide, jjotassiuln 
xauGialc, KS.CS.OCjlb,, is formed. Thu can bo estimated By titration with 
staudar<l euprie sul[)hate as recommended by H. Macagno, E. A. Crete, 0. llehncr 
and W. L. Carpeule;, or H. 1'. Harding and ,T. fton^i: 2 Cug 04 -t dlKS’CS.OCain) 
-(,u{8.ChS.OC2llr,)2-|-C»tlr,U.(’S.S.S.(,'iS.OC2ll5-|-2K2R()4. The copper xafithatecan 
be ronvcTled to th# o.xide and weigheil as recommended by ’H. Macagno,^ 
li. 8. .bihnsop, oj M. Rfi^g. The xanthate can be oxidized to sulphate by titration 
with staijdard permanganate'as recommended l^y W. Schmitz-Bumont; with 
standard hydrogen dioxide as recommended by ,B. Petersen, or D. Strayprinus ; or 
with potas.'^um iodide after the soln. has Cecil neutralized with sodium carbonate 
as reenrjiineiKled by f,. G. Radcliffc, M. Gastine, or E. Rupp and L. Krauss. 

The physiological action o{ carbon disulphide.— Garbon disulphide is a blood 
poison and is fatal to all,forms of animal life.'- Observations on animals show 
that it forms with the hiemoglobin of the blood, and this is attended by disintegra¬ 
tion of the red eorpiiscles. There is amesthesiu of the, whole body, and death occurs 
through paralysis of the respiratory centre. Artificial respiration does not restore 
life. It IS a convenient agent for the de.structiou of noxious insects, moth.s, bugs, 
etc. It has also been recommended for exterminating rats and mice Frogs and 
cats are said to be less alfected by carbon disulphide than are birds, rabbits, and 
gitinea-pig,s. In factories, where carbon disulphide is used daily for dissolving 
caoiitclioiio, etc., it act.s lu a chronic poison, jiroducing iierijiheral neuritis, and 
disordcns of the digestive tract. T. Bokorny studied t he action of carbon disulphide 
on p ants ; B. Ileinze, and K. Btiirnier, on soik; and P. Zfiller, II. Schiff, and 
M. ( Kiandi Hoy, its ariion on bactoria, 

The uses o! carbon disulphide.- Carbon disulpliide is enqdoyed in the viil- 
ciinizatum of rubberin the extraetiou of essential oils; and as a solvent for'nils 
fats, and waxes: it is used in the preimration of carbon tetracldorltic, ammonium’ ' 
tiiioeyaiinte, vi.seo.se yr iu<iliei,d silk, and many organic roinponiids; as an insecti¬ 
cide in tiff preaenBlinii ol grain anil foods; in the prejiaration of antidotes to 
pliylloxera ; a.s a parasiticide , as a loeal ainest hetic ; elc. In indnsi riad work, special 
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§ 43. The Thiocarbonis Adds and the Thiocarl^onates 

The thiocarbonates wer^ discovered by J. J. Berzelius i in 1826, and described 
in his paper: Om svaftuhaUer.* He noticed that carbon disulphide dissolves* in a 
soln* of fodium sulphide, and when alcohol is added* sodium thiocarbonatc is jireci- 
piteted aa a yellowish-brown oil; further, if dil. hydwchloric acid is added to sodium 
thiocarbonatc, the free^ thtocarbonic acifl, which he called Kohlenschwtfelimisser- 
stoffsaure, separajes as a yellowish red oil. W. C. Zeisc called the acid Holhmiirc, 
or Hydrolhiocarbon^ure. The thiocarbonates are analogous to the carbouati's with 
sulphur in-place of oxygen ; ind*carbon disulphide, by this yew, is thiocarbonio 
pnhydride, CSj, and thiocarbonic acid is constituted lljCSj. The thiocarbonates 
are salts of the type Mo'OS,,. They are in general un3table,*nlthongh thiocarbonic 
acid itself is Ilyich more stable than carbonic acid ; a factjmssibli' associated with 
the gaseous character of the carbonic anhydride, ahd the Ti()uid character id lliio- 
Sarbonic ifnhydride at ordinary temp. Just as ordinary carbonic acid,»CO(OH)o, 
is metaearbonic acid, derived from ortltooarbonic acid, (’(011)(, by |ie loss of a 
mol. of water, so can ordinary thiix'arDonic acid be regarded as metathio^arbonic 
acid, ('S(SH)2, derived from orthothiocarbonic acid, ('(SH),, by the lo.s8 of a mol, of 
hydrogen sulphide. The ortho-acid is not known, birt 1’. Cliisson prejiared an 
oily lii[uid cthji (irlholluocurimmir, ('(Stodl-,),, by the action of carbon tetrachloride 
on sodium ethyl sulphide, Na.S.U,!!,^. There are six possible suljihur derivatives of 
metathiiK'arbonic acid, and they can be designated in niatiy ways. A. Hcntiitigcr 
applied the affix mlpho- when the oxygen atom of the carbonyl group is displaced 
by sulphur, and thio- when the oxygen atoms of the hydroxyl groups are displaced ; 
or the affix Ihiol- or thio- can be used when suijihur ilis|ilaces the oxygen of the 
hydroxyl groujis, and t/onn- for a .similar displacement iit the carbonyl group. 
The sulphur atoms of the Sll-groups can be designated a-, and the sulphur atom 
■of the <'S-grou]i, ; and the acids with one, two, and three sulphur atoms 
respectively' called mono-, di-, and t.ri-thiocarbonic acids with a- or j8-prefixed to 
repricsent the ilispo-tilion of t he sulphur atoms present. 4n the case of trithiocarbouic 
aciik of course no prefix is needed. Thus, * 
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It will be observed that t4iionn(rrbonic and thiolcarbonic acids are isomeric 
monotliiocarbonic acids; and thiolthioncarbonie and dithiolcarbonic Aids aro 
isomeric dithiocarbonic acids. W. C. Zeise found that carbon disulphide dissolves 
ill an alcoholic soln. of potassium hydroxide, forming potassium elhylxanlhate, 
CjHjOX'S.^. This is the potas.sium salt of what W. C. Zeise called rotwcrdfiided 
iSok or Xanihogemaure, and is now called xanthic acid or xanthogenic acid, 
(2H5O.CS.SH -faeft!?, yellow; yimim, I generate—in allu.sion to tlfc colour of 
the copper salt When the potassiifm salt is treated with dil. sulphuric acid at 
0°, the free acid is produced as an oily liquid. When heated to 24°, Jhe at^B decom¬ 
poses into ethyl alcohol and carbon disulphide, and hence, unless xanthic acid 
undergoes some peculiar intra-molecular change before decomposition it is inferred 
that it cannot btf cotijitituted : CaHjS.CS.OH. or C,2H5S.C0.8H. Xanthic acid is 
therefore the ethyl derivative of thiolthioncarbonie acid. Xanthic acid usually 
dejomposes violently a few minutes after it has been prepared owing to the catalytic 
«ction of the alcohol formed as a prdtluct of it*8 decomposition. If intimately mixed 
with pit..sphoric oxide, the acid is far more stable and it can be kept for weeks. The 
rate of dccoi^osition of the acid is greatly influenced by the solvent. Thus, the 
Velocity consuint iof ethyl alcohol is l,000,000,^aud for carbon disulphide, unity. 
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There is norfelation bettveeh the dielectric constant of the solvent and the speed of 
the reaction. II. wn Halban and co-workors have studied the kinetics of th^ 
decomposition. The influence of different solvents on the speed of a reaotion is 
welUllustratcd by the following experiment due to H. von Halban and A. Kirsch : 

A solii. of 0-8 grm. of potui«i»m xanthato in water at 0° is treated with 40 c.c. xjdene 
and the calrnlatod aiuount of iro-c\ld dd. sulphuric acid. The mixture is shaken vigorously 
in a S^arating funnel and the xylene soln. is removed, dried rilh calcium chloride, followed 
hy phosphoric oxide ; filtered and diluted to*60 c.c. If one c.Q of thb soln. with 10 c.c. 
of 1^10 given solvent is treated with 10 c.c. of a soln. of 0'29 grin, of hydrated cobalt nitra^ 
in 100 c.c. of alcohol, a dark green soluble cobaltic xanthate is formed, and someaanthic atjd 
remains undecoioposed. With ethyl alcohol and aPetono as solvents, decomposition is 
complete in a few iiiinutcs ; with nitroinothauc, the xanthic acid is not quite all decomposed 
after half an hour's actipn, and with glacial acetic acid after an hour’s action ; boiling fo» 
half an hour with chloroform, ether, benzene, carbon disulphide does not decompose all 
the xanthic acid, t ^ « 

Othcr'nli'obols give products analogous to xnntbic acid, thus, J. B.,A. Dumas 
and E. Pcligot, 1’. Dcsaiiis, and 11. S, Kry.inado methylxanthic acid, CH 3 O.CS.Sll, 
by the iicfllin of inagne.sium on a soln. qf carbon disulphide in methyl alcohol. 
/‘oln.wiAm elhi/l a-lhimirlufitulr, (ClljO.CO.SlI, ]ircpared by H. Debus,- (>. Chancel, 
and C. Render is a derivative of thiolearbonic acid; lUcthyl ^-thmorlmnate, 
('. 3 lIr,O.CS.(K' 2 lIr,, iirejiareil by K. Nasini ,,<'f/it/l (7i/«r»-j3-Mi«»i)fi(wnlc, (CHjO.CS.CI, 
]irepare,d by 1’. Klason; and xunihoyeiiiimije, tUljO.CS.NHo, prepared by 
I'. Salomon. II. Dobns, and G. Chancel, am representatives of thioncarbonic acid ; 
potassium ethyl a^-dnhiomihonate, or xanthic or xanthogenic acid, C 2 H 5 O.CS.SH, 
jirepared as indicated above, is a derivative of thioltiiioncarbonic acid; diethyl 
aa-dithiocurbotutte, t^HrjS.CO.SCjHs, prepared by R. Schmitt and R. Glutz, 

F. Salomon, and R. Seitfert, is a representative of dithiolcarbonic acid ; and 
moiioethyl trithiocarboimte, (RHjS.CS.SlI, prepared by G. Chancel, and diethyl 
teithinceirlxmale, (hHjS.CS.SCuHs, prepared liy i’. Klason, 1*. Schweitzer, H. Debus, 
A. Husenmnn, R. Nasini and A. Seula, and C. Ltiwig, are derivatives of 
trithiocarbonie acid. 

As indicated above, dilhioUhiotmrbuiiic acid, or trithioaiihonic acid, or simply 
thiocarbonic acid, 1 IXS 3 , was prepared by J. .1. Berzelius ^ by adding cohF dil. _ 
hydrochloric acid to a soln. of a Hiiocarlmnate. The acid sejiarates tfs a dark yellow ' 
or reildish-brown oilj C. Zeise added that it too ranch acid i.s added in the 

prcjiaratioji, the oiF dissolves, ami if the acid bo too cone, hyilrogeii sulphide is 
evolved. J. G. O'Donogbue and Z. Kalian preparctl it by slowly drbpping a soln. 
of calciura thiocarboriate into ccnc. hydrochloric acid. Both soln. were previously 
cooled in if iifbzing mi-xture, and the vessel containing the mixture was allowed 
to stand for some lime after all the calcium Jhioonrlionate soln. had been added. 
After afi hour or two, the liquid was decanted, t he last drops being separated with 
a Beparaling funnel. The oil was sometimes washed rapidly with ice-cold water. 
It was then placed in a smallilaak surrounded by a freezing mixture,calcium chloride 
added, and the flask attached to a good pump until bubbles no longer appeared to 
arise from the oil. In this way hydrochloric acid and water were removed, and the 
oil was finiilly dried over phosphorus peiitoxide. E. W. Yeoman found that if 
pufiiied tliiocarbonatcs arc employed, and okygen be excluded, no oil is produced 
at 0°; l^et if air has access, then nn oily liquid slowly separates. Impure thiocar- 
bonates, and purified pcrthiocarbonates give an oily liquid at ordinary temp. The 
red oil is therefore assumed to be perthiocarbonic acid, H 2 CS 4 , and it separates 
from the soln. owing to its insolubility; it is further assumed that thiocarbonic 
acid, H 2 CS 3 , is soluble in water. If this be correct, the following description refers 
to perthiocarbonic acid and not to thiocarbonic acid. 

. Thiocarbonic acid is an oily liquid wirti a disagreeable, pungent odour,- 
J. Q. O’Donoghue and Z. Kahan state that their analyses of the oil always-ehowed 
an excess of sulphur beyond that required for H 2 CS 3 , so that it was inferred that the 
acid always holds some sulphur in soln. The oil can be distilfed at 60° with decom- 
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position. Abortive attempts were made to distil the acid«undcr diraigished press, 
/rom a flask connected with two receivers surrounded by liquid air. J. J. Berselius 
stated that the oil decomposed into carbon disulphide and hydrogen sulphide. 
According to J. Q. O'Donoghue and Z. Kahan, tbiocarbonic acid is soluble in aljohol, 
jjivi|ig a yellow soln. which dfcomposes rapidly with deposition of sulphur and 
formation of carbon disulphide and hydrogen sulplflde. It is also soluble in liquid 
ammonii, turpentine, tolgene, ether, or ehlorofdtm, in all of which solvents it 
very soon dcconlposes,»but is most staHe in the two latter. H, von Hhlbifh end 
co-workers meami^'d the rate at which the thioearboimtes decompose when^dis- 
Bolved in different solvents-tluay also measured the absorption spectra of soln. 
of trithi()«arbonio acid and of its ethyl salt in chloroform, alc(rfiol, light jR'troIeum, 
'ether, and tjlucne ; and of the barium salt in water. Slarked differences were 
obtained in the spectra of the acids and the salts. The existence of the free acid 
in the soln. a'as indicated by the similarity between tlso spectrum of a soln. of 
the sodiqm salt and that for rf soln. of the acid in an organic solvent.* In liquid 
air or solid carbon dioxide, thi.s carbonip acid forfns a pink solid which Iirelts again 
to a red liquid on removing the refrigerator, Tlie acid is insoluhleati water, but 
is at once decomposed by it, with evolution of hydrogen sulphide and formation of 
carbon disulphide aud sulphur. This also occurs in a sola, of common salt. It is 
much more stable towards strong acids, especially hydrochloric acid, under which 
it can be kejit for several days if cool. The colour, however, gradually fades, 
and finally only carbon disulphide, is left. In air, it gradually livaporates, often 
leaving a brownish-black residue consisting largely of sulphur. Sometimes it has 
been kcipt for a few days in a loosely-stoppered flask without any considerable loss. 
The oil dissolves flowers of suljihur readily with a slight darkening in colour, and it 
is possible, therefore, that the colour of the oil is due to dissolved 3id))hur. It does 
not burn on water like carbon disulphide. Sodium and pota.ssium act on the dry 
oil or on its ethereal soln. Potassium decomposes it very violently, giving an 
immediate yellow, crystalline precipitate of potassium thiocarbonate, whilst, in the 
former case, sodium thiocarbonate gradually separates. Hydrogen sulphide and 
probably hydrogen are evolved in both cases, ilagnesium jiowder has apparently 
little action on t he oil, and on trituration with mercury a red solid is obtained. It 
is soluble in ftn exce.s.s of hydrochloric or siilphngc acid, aSd reacts with the alkali 
carbonates liberating carbon dioxide, and forming thiocarbonates. 

J. J. Berzelius and A, Marcet found that carbon di^lphide slowly absorbs 
ammonia t* form a slightly yellow amot^flious powder which can Ge sublimed ; 
it absorbs water with avidity, forming first an urange-ycllow soln., presumably of 
ammonium thiocarbonate, and then a lemon-yellow liquid, wlnch4i8.ionverted into 
ammonia, sulphuric acid, and,carlpoiiic acid. W. (J, Zeise made ammonium thio¬ 
carbonate, (NHjjjCSs, by mixing a sat. alcoholic soln. of ammonia wiClaone-tcuth 
of its vol. of carbon disulphide; cooling tlio mixture after it has become brown, 
pouring off the mother-liquor, washing the crystals several times with alcohol, , 
then .with ether, and finally drying the crystals by press, between filter paper. 

E. Mulde? said that if the right proportions are used, the thiocarbonate alone crys¬ 
tallizes out. The mother-liquor was found hy W, 0. Zeise .to oontain much 
ammonium tliiocarbonato and sulphide; and H. Debus said that when aicsiliolic 
ammonia and carbon disulphide react, ammonium thiocyanate and tfijocarbamate 
ate formed as well as ammouium thiocarbonate. Indeed, said JT G. O’Donoghue 
and Z. Kahan, the pale yellow, crystalline precipitate obtained by shaking dried 
carbon disulphide with a sat. soln. of ammonia in alcohol, behaves quite differently 
from ammonium thiocarbonate. E. W. Yeoman saturated with hydrogen sulphide 
a 20 per cent. soln. of dry ammonia in alcohol, and after warming to 35°-A(J° and 
• simultaneously passing in hydrogen to excHide air, added a slight excess of carbon 
disulphide, and dry other until a permanent turbidity was produced. On cooling 
the soln. slowly, red crystals separated. These were collected in hydrogen, washed 
with dry eHher, anfl dried in a current of hydrogen at ordinary temp. A. G^lis 
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made ammqpium thioca*bonatc by the action of carbon disulphide on ammonium 
sulphide. J. G. O’Donoghue and Z. Kahan made it by the action of liqmd ammonia^ 
on an alcoholic soln. of thiocarbonic acid; the yellowish pink soln., on evapoaation, 
gaveia yellow solid which soon decomposed; (NH 4 ) 2 CS 3 =(NH 4 ) 2 S+C 22 ; and 
(NH 4 ) 2 S= 2 NHs+H 2 S, J. Volhard, and C. Debtsch'made ammonium thiocarbonate 
by heating ammonium thiocyatj^atc to 170° for 100-120 hts., or to 180 -190 for 
20 hrs. f ■ ' . 

Ammonium thiocarbonate, said W. C. <5cisc, forms pale<yellott crystals, which, 
when exposed to air, volatilize comphdely in a few days. If protected from moisture, 
the salt may be sublimed almost unchanged, but a small quantity of ammonium 
sulphide appears to be formed during the process. E. W. Yeoman found that the 
salt dissociates comjileh’ly at 100°, and leaves no residue. The salt dissolves rapidly’ 
and cojiiously in water; a soln. with one, part of the salt in eight parts of water is 
red ; with a greater iirojiwtion (<f water, the soln. is brown ; and with a still greater 
proportion of water, yellow ; if the aq. sola, be dfept in a closed vesse), it turns 
reddish-brown; the soln. is (b'colorized ^n exposure to air, and a grey car¬ 
bonaceous [iH'cipitate s(!ttles. E. W. Yeoiyan said that aq. soln. of the .salt are 
very imstabli', easily losinj' carbon disulphide, hydrogen sul])hide, and ammonia, 
and some oxidation occurs. This change occurs rapidly when the aq. soln. is boiled 
in an open vi^ssel, very littft thiocyanate or carbamide being formed. .1. H. Glad¬ 
stone gave I'Oti.l for the sp. gr. of a soln* of an eq. of the salt with .35'47 eq. 
of water, and for tlie refractive indices I'd'.tIB with the yl-line, and the D-line. 
A. Oelis said that the soln. decomposes at t)0°-llX)°, forming ammonium thiocyanate 
and hydrogen 8 ul[ihide. According to W. C. Zeise, when the salt is moistened with 
alcohol, and exposed to the air, it immediately assumes a deeper yellow tint, and in 
a few seconds it becomes red ; if the salt has been very well washed with ether and 
[iressed thoroughly dry, it will retain its colour for 5 min. in air, and in closed vessels 
for a longer time. The salt dissolves sparingly in alcohol, and is still less soluble 
in ether. When left with alcohol in a closed vessel, the salt decomposes: 
(NH 4 ) 2 CS 3 --ji(NH 4 )CS 2 (NIl 2 )-|-H.,S. When mixed with an aq. soln. of potassium 
hydroxide and evaporated, the residue is potassium thiocyanate; with lime-water, it 
furnishes a yellow powder, and the soln. still contains thiocarbonates. E. W. Yeotdan 
found that the aq. 8 oln.*di.ssolve 8 ir gram-atom of aul|ihur per mol of Salt. Hydro¬ 
chloric and sulphuric acids decolorize the red aq. soln. and render it turbid owing 
to the separation of thiocarbonic acid, and, with an excess of more cone, acids, the 
precipitate is dissolved. When a cone. alj. soln. is treated with cone, acids, hydrogen 
sulphide is given off; but with moderately dil. sulphuric acid, thiocarbonic acid 
is formed withawt the evolution of hydrogen sulphide, H. Hager, J. A. Palmer, 
and H. Siefnssen have di 8 cus.sed the use of anjmoiiitmi thiocarbonate in place of 
ammonium sulphide in analytical chemistry. 0 , Loew treated a soln. of thiocarbonic 
acid in ammonium sulphide, with hydrochloric acid, and digested the precipitate 
with aq. ammonia. The red soln. was suiiposed to contain amwouium sesquithio- 
carbemte, (NH 4 ) 202 S 3 , and dcootn])osed on evaporation or on standing (see p,134). 

J. J. Berzelius, and C. W. Zeise prepared potassium thiocarbonate, K 2 CS 3 , 
by dissolving-carbon disulphide in a soln. of potassium monosulphide, or hydroxide 
—in the latter case some carbonate, as well «8 thiocarbonate, is formed : 3 CS 2 
-t- 6 K 0 H=*-K 2 C() 2 -d- 2 K 2 GS 3 + 3 H 20 , He recommended adding carbon disulphide to 
an alcoholic soln. of potassium sulphide so long as it dissolves; the lowest stratum 
which separates on standing is separated from the two upper ones—the middle 
.stratum is mainly carbon disulphide, and the top one mainly aleqliol -- and evaporated 
at 30° for crystallization; or saturating at 30“ an aq. soln. of potassium sulphide with 
carbon disulphide in a closed vessel quite full of the mixture, and evaporating aa 
befqrc at 30°. H. Hager made the salt by digcuting potassium hydroxide with 'a 
soln. of sulphur in carbon disulphide ; and B. Holmberg, and E. Bijlmann tueated 
an alcoholic soln. of potassium hydrosulphidowith carbon disulphide. E.W. Yeoman 
dissolved 2 grms. of potassium in absolute alcohol, converted the soln."into hydro- 
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sulphide, at 45°-50“, and then addoS carbon disulphide. As the soln. (jjoled yellow 
erystals were formed. These were washed with dry ether, and dried in a current 
of dry hydrogen at 45°. /. G. O’Donoghuo and Z. Kahan precipitated the salt 
adding an alcoholic soln. cjJ potassium hydro.xide to thiocarbonic acid.# The 
sal^was purified by evaporating the soln. in liquid ammonia. According to 
J, J. Bdrzelius, the yellow crystalline salt is very ^liquescent; and it loses water 
of crystallization betweehsfiO’ and 80°. When limed out of contact with air, it 
forms potassium sulphide and carbon. It is readily soluble in water, and sparingly 
^luble in,alcoh81.» According to N. Tarugi and A. Magri, when an aq. soUi. of 
potassium thioearbonate is bigleibout of contact with air and in an atm. of nitrogen, 
the first \haBe of the decomposition occurring is rcpresenfcd by the equation 
’K^CSs—K. 2 S 4 -CS 2 . The potassium sulphide thus formed subsequently undergoes 
hydrolysis, giving potassium hydro.vidi' and hydrogen sulphide; K 2 S+ 2 H 20 
- 2 KOH-)-Il 2 S. Inprescnci'of air oro,vygen,the dig’ompoSition ot tbethiocarbonate 
effected by boiling its soln. is rapresented by the equation: 2 K.X'S 3 H' 2 H, 20-|-202 
=K 2 S 203 d-K 2 C 0 ;, |-('S 2 -|. 21128 . Finnliy, in an at.m. of carbon dioxule, decom¬ 
position occurs according to the eiiuatiiui: K-itiR, l-CW^ Idb^O -- K 2 C'Oy|-CS 2 -|-H 2 S. 
,1. J. Berzelius’ equation: K 2 C 1 S 3 i .'illoO --K 2 td),|) docs not represent the 

reaction. Under the action of sunlight and in presence id air, soln. of tliiocarbonstes 
undergo, at tbe ordinary temii. and witl| an increased velocity, the same transforma¬ 
tion as takes place on boiling in absence, of sunlight. In vessels evacuated and 
then exposed to sunlight, thiocarbonatea remain unaltered for a long time, the 
equilibrium K 2 US 3 v=iK 2 S-i-CiS 2 not being disturbed by the removal of one of the 
products of the decomposition. Towards organic conipounds, thiocarbonatea behave 
in such a way as to confirm the fact that they decompose into a sulphide and carbon 
disulphide. Thus, with aniline, potassium thioearbonate yields the coudcnsatioii 
product of thioformanilide. Under other conditions, thiocarbonates behave like 
simple sulphides ; thus benzoyl chloride and a thioearbonate in cquimol. proportions 
yield benzoyl disulphide, which is also formed by t he, interaction of benzoyl chloride 
and pota.ssium hydrogen sulphide. According to .1, G. O’Doiioghue and Z. Kahan, 
it is readily soluble in liquid ammonia. K. W. Yeoman found a soln. containing 
a mol of the salt in water dissolves a gram-atom of siilidiur. 

11. Hager* and T. Rosenblatt discussed the usg of the salt in place of ammonium 
sulphide in analytical work. The detection and detejmiiialion of thiocarbonates 
have been discussed by A. and T. Gelis, (!. Vincent, E. L. (fo Bouquet^,E. Fallieres, 
G. Dannoc^, 0. Hehncr and H. S. Carpenflir, etc. The thioearbonate is converted 
into the lead or zinc salt, and decomposed by acetic acid (B. Uelachanal and 
A. Mermct), by arsenious acid (M. David and A. Koinnpcr), or by4» s. at (L. Finot 
and A. Bertrand). The resilting, carbon disulphide is received in plive oil, or 
alcoholic potash (B. Delachanal and A. Mermct), or measured in a gradual*! cylinder 
(M. David and A. Rommier), or estimated by the loss of weight (L. Finot and 
A. Bertrand), or the alcoholic potash and xanthate is titrated with iodine 
(B. Ilclacljanal and A. Merniet). F. Thenard, J. Maistre, M. de Georges, A. Mares, 
F. Sestini, and A. Mermet have discussed the use of thiocarbonates for the destruction 
of the plii/lloxera veslatrix, and other cryptogamous diseases of pijnts.* 

According to J. J. Berzelius, littliam tUocarbonaie, Li2G4i « obtained»by a 
priKess similar to that which he employed for the potassium salt. ^The«alt is more 
deliquescent than the sodium or potassium salt; and it is readily soluClc in both 
water and alcohol. J. J. Berzelius made sodium tbiooubonate, NajCSj, by digest¬ 
ing an aq. soln.rof wydium monosulphide with carbon disulphide in a closed vessel 
at 3I)°, and evaporating the liquid. A. Huseniann half sat. sodium hydroxide with 
livdrogen sulphide, and mixed the product with carbon disulphide. He then added 
• alcohol or a mixture of ether and'alcohol and obtained sodium thioearbonate qs a 
red csl which was freed from carbon disulphide by heat. I. Taylor made the salt 
by the action of sodium amalgam—preferably in the presence of a strip of platinum 
~-on water’in the*presence of carbon disulphide—carbon dioxide and hydrogen 
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are evolved, J. G. O'Danoghue and Z. Kalian found that when dry, freshly-prepared 
sodinm ethoxide is jidded to thioearhonic acid, a yellow crystalline precipitate is 
gradually formed which can he washed with cold alcohol. E. W. Yeoman made it 
by a process analogous to that used for the potassium salt. According to 
J. J. Berrelius, the yellow salt can be crystallizea from its aq. soln. The yellow 
needle-like crystals of the saltire very deliquescent, and readily soluble in water 
and alcohol, it is insoluble in ether or heuzene, both oi which precipitate the salt 
from its alcoholic soln. According to E? W. Yeoman, sisiliuin thiocarbonate is 
stable in dry air free from carbon dioxide. If moisture hp present, the salt 
decomposes with the loss of carbon di.sulphide, *,niL is oxidized; Na 2 CS 3 =^Na 2 S 
-t-eSa; NajS l-H.OtNallHfNaOH; 2NaSH 1-0- NaaSa-t-HaO; and Ka2S2+30 
=Na 2 S 203 . The salt deconipo.sca. when strongly heated, into sodium disulphide and 
carbon disulphide. Ai-cording to J. J. Berzelius, when dried and heated to redness 
in closed vessels,'it dasiinjiosij) into a mixture of carbon and sodium sulphide. 

Yemiian found that if water be excluded,slTie salt is stable in ajiiurrent of 
hydrogen It CO"; but at 75°, cilVhon diaij]ihide escapes, but the loss is not great 
even at lOOt A current of dry air free from/arhoii dioxide, does not cause any more 
decompasition than occurs with hydrogen. An aq. soln. is stable in the absence of 
oxygen and carb(mdioxide.,but in the jiresence of oxygen, carbon disulphide siqiarates, 
and thiosiilphate.s, jiolysiiipiiides, and suliihur arc formed, while the unchanged 
thiocarbonate dissolves sulphur, forming perthiocarbonate, which also decomposes 
by the loss of carbon disulphide, and the subsequent oxidation of the alkali sulphide. 
J. J. Berzelius represcnled the reaction with water: NajfSj l-.'llIoO -Na.dlOj-j-SHsS, 
which E. W. A eoniaii found to be true when an air-free sohi. is heated in a scaled 
tube at 100°, the reactions being NadSj ^ Na,S-fCS..; Na.,Sd-2H„0=2Na0H 
I HjS; and (i^NaOH | litSa-NaoCOa-t 2Na2(kS3fSlIjO." The re formed thio-car- 
bonate again decompo.scs, and after jirolonged heating, the reaction reduces to that 
given byBerzelius. The reaction is never quite conqilete. It air be present, 
thioaulphate and polysulpliide are formed. When sodium thiocarbonate i.s distilled 
with air-free water, in the alwence of air and carbon dioxide, hydrogen siilphidn and 
carbon disulphide are formed ; the residue contains sodium sulphide and its hydro- 
lytic products, but no carbonate and only a truce of thiosulphate due to leakam! of 
air. This agrees with K, Tatugi and A. Magri's observations. If a stveaiu of air be 
drawn through a boiling soln., E. W. Yeoman obtained results in jiartial agreement 
with those of N. larugrand A. .Magri, who represented the reaction: 2Na.,CS., |-2H.,0 
+.02=Na2i5203-f (Bi-f Na 2 t'( )3-|-2ll2S'. The salt and its aq, soln, arc-decomposed 
by carbon dioxide, forming earbovale and carbon disulphide; sulphur dioxide forms 
sulphite and -■ bon disulphide. A soln of a mol of the salt in water dissolves 
observed by A. Geiis. k alcoholic solo., it was found 
NajSj K'SaNa„f'S4-f 8'50 Cals; 

Na2CS3-4-S--Na2CS4.f4’2y Cals. 

M. Uuzel slated that when carbon di8ul]dude is passed over red-hot copper 
carbon is separated and deposited on the surface of the metal, but ,1. J. Berzelius’ 
and B, J. Theiiard and B. N. Vauquolin said that the carbon disuljihide combines 
as a whole with fho metal, forming a shining black substance which, when treated 
Wltlunitric acid, leaves a residue of carbon,. A. Cavazzi observed the formation 
of no coRipound of carbon and sulphur with copper under these conditious- 
me mpM, action of carbon disulphide on copper. J. J. Berzelius found that 
cupric salts give a dark brown precipitate when added to a solii. of calcium thio- 
carbonate; the precipitate was considered to be cupric thiocarbonate ; it is soluble 
in an excess of calcium sulphide; and when heated, it gives off carbon disulphide and 
sulphur, and cuprous sulphide remains. M. Ragg said that when a soln. of a cipric 
salt IS treated with an alkali xanthate.’not onlytis cupric thiocarbonate, CuCS, but 
also cupric oxydithiocarbonate, GUCOS 2 , and cupric dioxythiocarbonate, Cucb 2 S, 
are formed K. A. Hofmann and F. Hbchtlcn obtained a complex of cuprous ihio- 
carbotmte, CujCSs, potassium cyanide, namely, potassium caprous Oicyanothio- 
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arbonste, Cu2CS3.2KCy.2H2O, by flie action of animoniura cuprtfus tliiocarbonate 
(n a soln of potassium thiocarbonate. According to K.,A. Hofmann, and 
i. A. Hofmann and F. Hdshtlen, ammonium cuprous thiocarbonate, NH,CuC^, 

.s obtained by treating a mixture of cuproms chloride, dissolved in cone, hydrochloric 
ifid and excess of ammonia (10 pbr cent.), with carbon disulphide at 0°; after remain- 
ng ftiroe days, a separation of hair-like crystals tabes place, and after another two 
l%a the.Sh arc converted ii^o the new salt. This cfystallizos in thick, green tablets 
having a metallic lustre, and is only very sparingly soluble in cone, ammonia'aiufgivea 
a brown soln. and a^precipitate of brownish-black Hocks with dil. sodium hydroxide, 
ft is also obtained by the action ^f ammonia and carbon disulphide on copper sul¬ 
phate at 10 °. K. A. Hofmann and F. Ibiehtlen also prciiared potassium cuprous 
thiocarbonatel KCut'Sa, by adding a cone. soln. of cupric chloride to carbon disul¬ 
phide dissolved in aq. potassium hydroxide at 0°; it crystallizes in thick plates having 
a greenish lustre. Both salts are converted by aqetic aeal or, better, by sodium 
hydrogen fulphite, into cuprosibtsulphotrithiocarbdnate, Cu.>S.20uCS3, or CjSjCuj, 
which forms six-sided plates with a bron^e-like Instte and is insoluble in Water, 

K. A. Hotrnaim also roporteil a riipjwr animinoxi/tfilocarboiiate, CujCjSjINlld.O,, to 
he obtaim'd by allowing a inixtnro of copper aulphato, li jn'r cent, ammoata, arfii carbon 
disulphide to retiiniu at 0° for 4-,'i weeks. It tTyslalli/.e3 in black, inonoclinic tablots, die- 
solves easily m aninionia with a blue coloralion, is insoluble iilhvater, a.nd is not decomposoil 
when allowed to remain over sulpliurie nckl. Dil. sudiuiii bydrovide baa only a surface 
actK.n on the compounil ; but it is eouipletoly decoinpused by euue. sodmiu hydroxide with 
the formation of eupne liydroxido, ete. 

.\ccording to J. J. Berzelius, uq. solu. of calcium thiocarbonate and silver nitrate 
, (urmsh a dark brown iireei])itate, iiresumably silver thiocarbonate. It dissolves 
(in an exce.ss of the calcium salt, giving a dark brown soln. The dried precipitate 
kis black, shining, ami didicult to pulverize; and when healed in a closed vessel, 
I gives (dT snl])hur, a little earhon disnlphide, and leaves a mixture of silver sulphide 
laud carlion. W, 0 . Zei.se also made analogous observations with silver salts and 
f the alkali lliioiatlionates. J. J. Berzelius found that an aq. soln. of auric chloride 
' and calcium thiocarlioiiate gives a turbid mi.xturc which becomes clear, depositing 
a greyish brown precipitate—possibly gold thiocarbonate 'I’his, when heated, 
gives oil siilpliiir and leaves gold blackened by charcoal. ^ 

. 1 , d. Berzelius digested calcium sulphide,, water, and ail excess of carbon disul¬ 
phide ill a closed vessel at 30 °, and obtained a dark refi liquid, which, when 
evaporated i« vacuo, gave a yellowish-brow« crystalline mass, this, when thoroughly 
dried, was citron-yellow. It was regarded as normal micium Ih'ocarbonale, CaCS3. 
On exjiosure to air, water is absorbed, and the colour becomes brQii»i.sh-red. The 
jiroduct is readily ilissolvcd b,y alcohol and water, but in the latter case, a basic 
salt remains as a residue. The aq. soln. is decomposed by boiling, and cakium car¬ 
bonate is deposited. It is, however, doubtful if the normal thiocarbonate has been 
made ; all E. W. Yeoman’s attempts gave complexes of the normal salt with calcium 
hydroxide. Quite a number of these basic salts lias been rejiorted, but there is 
little to stfbw which are chemical individuals. F. Sestini reported the formation 
of orange-red, prismatic crystals of calcium hcxabydrqxytbiocarbonate, 
3Ca(0H)2.CaCS3.7H20, by exposinj^a mixture of water, calcium hydroxide,, and 
carbon disulphide to the. action of solar light in summer; in 6-8 hrii, .the liquid 
acquires a yellowish-rod colour, and then deposits the crystals. *The Same com¬ 
pound is made by heating milk of lime with carbon disulphide for 2 hrs. at 50 °; 
and adding a solp. oj calcium hydroxide to the cooled filtrate, F. Sestini utilized the 
reaction for the detedtion of carbon disulphide in soln. D. Walker obtained bright 
orange-red needles of calcium tetcahydioxythiocarbonate, 2Ca(0H)2.CaCS3.6H20, 
, b^ agitating milk of lime with caefaon disulphide. The salt is sparingly soluble in 
cold mater, and is decomposed by boiling water; it is insoluble in carbon disulphide, 
and in alcohol. E. W. Yeoman obtained reddish-yellow needles of a similar salt, 
3Ca(0H)2.CaCS3.9H60, from aq. soln., and similar iftcdles, but with the compos!- 
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tion dihydjated’ calciwn dihydroxyUiiocaibSnate, Ca( 0 H) 2 .CaCS 8 . 2 H 2 O, from 
alcoholic soln. S. IJyson discussed the occurtence of thiocarbonatea in gas liquor 
from gas-works. The foul-lime of gas-works is lime whicji has been used for rcqioving 
hydiegeu sulphide from coal gas; this when moist, and mixed with an equal weight 
of slaked lime, is an absorbcut for carbon diaul|Ihide in gases. The absorption 
stops at a stage when about oifc-third of the sulphide has been converted into Vhio- 
carbonate^ on the nssuin])tion trlat the reaction is CaS-)jCS 2 ~CaCS 3 . V.*H. Veloy 
has studied the reactions. He showed that dry calcium sqlphide does not absorb 
the.vap. of carbon disulphide, but the moist sulphide does abjoib the vap.; nor 
doi« the absorption occur with calcium hydrosujphide. Calcium aulpMe, nearly 
anhydrous, was jdawd under a small quantity of water, and hydrogeiv sat. with 
carbon diaul|ihide vap, passed into the mixture; the supcrincumbentl water turned 
gradually to a red lint, and th<‘ soln. was se))arated from the sulphide by the method 
indicated above. •The liS(uid wjpi then jdacirf under the air-pump; after a few days, 
red, prisnttttic needles appeared, from which the a^lherent water was drained as far 
as possible' anil they were again flried undjjr the air-pump. Analyses corresponded 
with heptaltydrated calcium tetrahydroxythiocarbonate, 2Ca(0H)2.CaCS3.7H20. 
The reiW prismatic crystals were very deliquescent, and on contact with air, lost 
their red colour, and became yellow and less soluble in water. An aq. soln. gave 
a red oil, thiocarbonie aei(f, when treated with hydrochloric acid. Further, when 
hydrogen, charged with Hie vap. of carbon disulphide, is pas,sed into a soln. of calcium 
hydrosulphide, (.'u(SII),,, white crystals of calcium hydroxyhydrosulphide, 
Ca(()il)(Bll), arc formed, and there is a eojiious evolution of hydrogen sulphide; 
on continuing the |ia.saage of the gas, the, crystals become yellow, and the liquid 
becomes nearly solid owing to the formation of a yellow crystalline mass. The 
crystals were, drained Irotii the mother-liquor, washed twice with distilled water, 
and dried in vacuo. The, analysis of the yelhfw crystals corresponded with 
decatodiated calcium tetrahydroxythiocarbonate, 2Ca(OH)2.(!aCS3.10H2O. This 
salt dis,solves in water, forniing a red .soln, which, on evaporation, yields red crystals 
resembling the heptahyilrate. 'I'here is a alight decoiiqiosition iluring the evapora¬ 
tion. lienee, V, II. Veley inferrpd that in removing carbon disulphide from coal 
gas, calcium sulphide or hydrosulphide is lirat converted into the hydroxyhydro- 
Bulphide ; and thi.s compound suspended in water is the active absorbmit—hydrogen 
sulphide, and a basic calcium thioearbonate being simultaneously formed: 
3 Cu(8H)(OH) -|-CS 2 1 ftsG * 2H.J.S |-2('a(()H)o,Ca(S3. Galcium thioearbonate ex¬ 
posed to air is slowly converted into the earbonate, a change which issmmediatcly 
effected by heating to 60‘’-80'’; dn cone, soln., carbon disulphide is evolved, and 
calcium Bulpb^vreraains. The product is again effective as an absorbent for carbon 
disulphide., Basic calcium thiocarboii.atc is decomposed by hydrogen sulphide. 

J. J. Berzelius reported the formation of a brownish-red liquid by the action of 
carbon disulphide on strontium sulphide and water in a closed vessel at 30°. On 
evaporation in vacuo, a lemon-yellow mass of strontium thioearbonate, possibly 
SrCSj, is formed, E. W. Yeoman obtained the tetrahydrate, SrCS3.4H20, by 
suspending 10 grms. of strontium hydroxide in 60 c.c. of 95 per cent, alcohol, and 
converting ik intq the hydrosulphide by means of hydrogen sulphide at 70° with the 
exclusion of air. The carbonate was temovedjby filtration in hydrogen. A slight 
excess of ssrbon disulphide was added to the soln., and the. mixture was kept for half 
an hour at'40°. Dark red needles wore obtained on adding ether to the soln., and when 
dried in vacuo, the crystals were yellow. The mass becomes reddish-brown when 
moistened with water; and it is more soluble in water than the, barium salt. 
F. Sestini obtained a non-crystalline mass of what he consioered to be strorUium 
hexakydroxylMocarhmuite, resembling the corresponding calcium salt. 

G. Chancel and F. Parraentier showed that baryta-water and carbon disulphide 
have very little action on one another in the cold, but at higher temp., a yellow 
liquid is formed, and barium carbonate precipitated. In a sealed tube at 100°, the 
reaction CS2-l-2Ba(0H)2=BaC08-|-Ba(SH)2-f-H20 is quantitative. J.tJ. Berzelius 
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}und that hydrated barium sulphidb rapidly unites with caj'bon disulphide, formiug 
lemon-yellow, non-crystalline baripm Uuocatbonate, possibjy Ba(^, which dis¬ 
alves ,pparingly in water, farming a brownish-yellow soln., which, with more water, 
ecomes red. On evaporation of the aq. soln. in vacuo, yellow crystal* are 
btained; and these, when inolhtened with water, become red, but on drying the 
elWw colour is restored. V. H. Veley added that tjie salt is readily soluble in hot 
fttcr and is, at the same ti|jie. decomposed. He didmot succeed in preparing the salt 
n a fit state for enalysi*. using water, alcohol—dil. and absolute—ether, a'hd efarbon 
lisulphide as soliKUfs. E. W. Yeoman made the barium salt by a process analogous 
0 that usCd for strontium thio^rbonate. Unlike V. H. Veley, E. W. Yeoman 
ound thg barium salt even* more stable than the other thiocarbonates. The 
iheniical reactions resemble those of the sodium salt. ^ 

V. H. Veley found that carbon disulphide was not absorbed by solid barium 
lydroxide, or anhydrous barium sulphide; nor bj a solsi. of (lie hydrosulphido, 
sr the crystalline hydroxyliydfqfulphide mixed with a large exee.ss of .water—in 
which ea.se, the hydroxyhydrosuliihide is probably decomposed into the' hydroxide 
and hydrosulphide. Carbon disulphide is copiously absorbed by tlw crystalline 
hydroxyliydrosulphidc and a basic salt, possibly resembling the corregponding 
:aleium salt, is obtained. D. Walker also made a 'barium tetrahydroxythio- 
carbonate, ‘iBaiOUlj.CaCSj.iiil.jO, analogous to the eat'ium salt, and by a similar 
process. P. Thenard obtained the saltVy shaking an a(]. soln. of barium sulphide 
with carbon disulphide, washing the product with alcohol, and drying in vacuo, 
lie saiil that Ilk) parts of water dissolve 1'5 parts of the salt. 0. Uoew claimed to 
have made Imnum mqiiithiocarboiiale, BaC.,S;|, by warming sesquithiix'arboiiic acid, 

H. d'ijS.), with hariutn hydrosulphide, atid passing carbon dioxide through the filtrate 
so long as hydrogen sulphide is evolved. On evaporation, a non-crystalline mass 
is obtained which dccompose.s on (.exposure to air. 

,\ceording to .J. J. Berzelius, when magiK'sium stiijihale is added to a soln, of 
barium thiocarbonate, and the filtrate eva])orated in vaimo. a little carbon disulphide 
e.seapea, and the non-crv.stalliiu' lemon-yellow residue i.s considered to bo magnesium 
thiocarbonate. E. W. Yeoman also made this .salt. Uold water in contact with this 
compound dissolves a part forming a yellow soln., and leaving undissolveda basic salt, 
which is decamposed by boilitig water leaving magne8ium»catbonate uudissolvcd. 
K Si'stini claimed to have made a non-crystallttie tiasic salt analogous to that which 
he obtained with calcium salt.s; D. Walker likewise, clalmeif to have ma^e a basic 
salt by a protress analogous to that which hcaised for the calcium salt. According to 

I. Taylor, when a atrip of magnesium, in contact with platinum as a catalyst, is 
immersed in a mixture of water and carbon disulphide, the liquid, ia tb e course of a 
couple of days, acquires a yellow colour owing to the 'formation of magnesium 
thiocarbonatir: 3(’S2-|-2Mg i H 2 O-*‘iMgOSj-t-CO-t-Ha. J. J. Berzelius'ftund that 
when soln. of a zinc salt and calcium thiocarbonate, are mixed, a yellowish-white 
precipitate is formed which, on drying, becomes reddish-yellow and translucent—it 
was simposed to be zinc thiocarbonate. According to A. (Javazzi, zinc and carbon 
ilisiilpliide'vap, at a high temp, furnish zinc sulpliidc. D. Walker said that zinc 
hydroxide is not affected by agitation with carbon disulphide. J. G.,0’I)onoghue 
and Z. Kahan made zinc thiocarbonate, ZnCSa, as a pale yellow crystalline pi»wdcr 
by the action of thiocarbonic acid alone, or in alcoholic or ethereal soly.,on a zinc 
salt with a weak acid, at the temp, of solid carbon dioxide. The Aliioctfrbonate is 
very unstable, and rapidly decomposes, forming zinc sulphide. K. A. Hofmann 
treated a zinc s^lt yith carbon disulphide, and a 10 per cent. soln. of ammonia, 
and obtained a salmdn-yellow crystalline powder of zinc duunnunothiocarbonatc, 
Zn('S3.2NHj. J. J. Berzelius obtained a lemon-yellow precipitate, supposed to have 

,b*en cadmium thiocarbonate, by a process similar to that employed for the zinc 
salt. ,1. 6. O’Donoghue and Z. Kahan obtained the thiocarbonate, CdCSj, by a 
process like that they employed for the zinc salt. The deep yellow precipitate soon 
changed to 9 rcddisi-yellow colour, and then to reddish-brown cadmium sulphide. 
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K. A. Hofmjnn obtaintsdcadmium diamminotlftocatbonate, CdCS3.2NH3, in lustrous 
plates, by the sainf process as that employed for the corresponding zinc salt; 
it decomposed when dried, forming cadmium sulphide., J. J. Berzelius found that 
meroaric salts react with soln. of calcium thiocarbonate, yielding a black precipitate, 
which dissolved in an exce.ss of the thiocarbonate, and in drying gave off carben 
disnlphiihs and left bcliind blaak mercuric sulphide. W. C. Zeise obtaincd<a yellow 
precipitate possibly mercuriff thiocarbonate —by mjxing soln. of ammoniulu 
thiocarbonate and a mercuric salt. The precipitate changes in the course of a few 
hours, with the separation of some, carbon disulphiilc. , 

According to .J. J. Berzelius, an aij. soln. of c|lciuin thiocarbonate ^ives a dark 
brown pn^cipitate with stannous salts—possibly stSnnous thiocarbonate —and a 
brownish-yellow precipitate with stannic salts—possibly stannic ftiocarbonate? 
J. J. Berzelius also found that lead salts give a dark brown precipitate with calcium 
thiocarbonate, aifd W. C. Zeisjj, a red precipitate with ammonium, thiocarbonate. 
Tlic precipitate was con.sidered to be lead thiocarljoliate, l’bOS 3 . J. G. O’Donoghue 
and Z. Kalian made it by the prbeoss tbey,employed for the zinc salt. It appeared 
as a red suft with the composition PbOS 3 , and wlien pure, the salt darkened only 
slowly in air-usually the salt turns blact- in about halt an hour. This change 
corresjionds with l’b('S 3 -- A!S 2 -|-I’bS, and occurs rapidly in vacuo, and is quanti¬ 
tative wlien the salt i.s hSated in a current of hydrogen. J. J. Berzelius found 
that the salt under water decoiripo.se,s iil a few hour.s, hut under alcohol, the 
dccompn.sition is .slower. The salt is instantly blackened by tile action of a soln. of 
ammonium sulphide or of potassium hydroxide; at ordinary temp., sulphuric acid, 
nitric acid, or iodine has no apprccialiio effect on lead thiocarbonate. The salt 
was further examined by B. Delachanal and A Mermet. A Gautier and L. Hallo- 
pcau also obtained crystals of undetermined composition by the action of the 
vapour of carbon disiiljihide on white-hot load. J. J. Berzelius found that calcium 
tiiiocarhonate added to a soln. of a hisninth salt, gives a dark brown precipitate— 
possibly bismuth thioCErbonate -soluble in an c.xeess of the precipitant, forming 
a reddish-brown soln.; he also obtained with chromic salts a greyish-green precipi¬ 
tate -possibly chromium thiocarbonate which when heated in a closed vessel gave 
carbon disulphide and brown chromium sesqiiisulphide; witli manganous salts, a 
dark brown liquid wliidi turns yellow and tlien deposits a reddi.sh-brjwn powder- 
possibly manganese thiocarbonate— which is sparingly soluble in water, forming a 
yellow soln,., and ilocbmposes wlien heated, forming carbon dioxide, sulphur, and 
manganese sulphide, with fertous salis, a tii'eji wine-red hquid is fanned which 
becomes darker and ultimately appears ink-black- by rellecled liglit-if the ferrous 
salt he in .rs, a black powder is deposited -possibly ferrous thiocarbonate ; 
with ferricyalts, a deep red precipitate is formed winch retains its colour when dried, 
and IS ])(i.isibly ferric thiocar^nate, for, wiien heated, it gives off carbon di.sulphide 
and sulphur, and leaves a residue of iron suljihide ; witli cobalt salts, a deep olive- 
green soln. is formed which appears black by reflected light, and in 24 brs. deposits 
black flakes - cobalt thiocarbonate -leaving the mother-liquor dark brown; and 
with nickel salts, a dark brownish-rod soln. is obtained which, in 24 hfs. deposits 
black flakcs--nickel thiocarbonate- and becomes brownish-yellow. C. D. Braun 
andsV. Mermet noted that aq. soln. of the alkali thiocarhoiiatcs give an intense red 
coloration rvith^ammoniacal soln. of nickel salts. 0. F. Wiede and K. A Hotmunn 
made nickel tnammmo-thiocarbonate, NiCSaSNHj, by gently warming a mixture 
of mckelous hydroxide, anijnonia, and carbon disulphide. It crystallizes in trans¬ 
parent, tnby-red needles, Ls sparingly soluble in water, but easilyjn sodium hydroxide 
with an intense, yellowisli-red coloration, and, when heated, gives off carbon disul¬ 
phide. On exposure to the. air, it gives off part of the ammonia and carbon disul¬ 
phide. They also made cobalt hexammino4hiocarbonate, C 02 C 2 S.. 6 NH 8 by 
passing nitric oxide through a mixture of freshly prepared cobaltous hydioxye, aq. 
ammonia, and carbon disulphide. The salt, which is mixed with an amorphous by-^ 
product, is purified by washing with alcohol. It crystallizea in bluckf lustrous 
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[rhombohedra, dissolves sparingly ?n water, yielding a y^Uowiah-green soln. and 
[dissolves in sodium hydroxide with dark green coloration, at first without evolu- 
!tion of ammonia. It is decomposed by strong acids with precipitation of sulphur, 
and, when heated, gives off carbon disulphide. By prolonged heating with sgdiuin 
hydroxide, all the nitrogen is given of! as ammonia. It can also bo prepared by 
warning a mixture of cobalt hydroxide, amn^onia, and carbon disulphide. 
II. A. Hafmanu and co-workers made an analogous iron heiammino-thiocarbonate, 
Fe.^0.2S;.6NH3.2H20. . . * * 

K. A. H 4 )fmann (ft>tuined the complex Co,C,S|(NH 5),03 and cobalt pentaniminosulj^iito 
by allowing; the above hexainmkio>lhiocarbonate to remain aoino months in contact with 
lb i>er aq. ammonia. The pentamniine oryst^lizes in thin plates which can l)e 
*-ernovod by w^hing the mixture with cone, ammonia. The cjjmplex CoaCflS,(NHj), is 
made by b<>iling the ammonium cobaltous salt of cobaltisulphurous acid with ammonia. 
With fuming hydrochloric acid, CouCjS^tNHj), forms CojC^ijClO^Hj,; with ^etic 
acid, (CS 3 ),Co 2 S 1 NH 3 ) 2 .C 2 H 40 .. 4 H ^0 ; and uith acetii; anhyuriae, tlojCjSafiNHj is formed. 
W’hen the liexaramino-tluocarbonala is treated with diazobenzeno nitrate at C^Tor 24 hrs., 
black prismatic crystals of CojCgSgiNHglg.HjO are foAned, and with nitrous oxide, cobalt 
triamminotrinilrito is formed. This is ta^en to prove that no ammonia^ combined 
between tlie cobalt and sulphur, for, if this were the ctise, groups of the constitution 
C 0 NH 3 .S.NH 3 C 0 or Co.NHg.S.C would be formed, and tho coippound CjSjCoglNHj), should 
give tho reactions of hydrogen sulphide or thiocarhonic acid. Brownish-rod crystals of 
(’o 2 (' 2 S,(NH 3 ) 3 . 2 H 3 () are produced when eobaltic hydroxide^is treated at lU'^ with 10 jier 
cent. aq. ammonia and carbon disulphide ,* if this mixture is allowed to stand 4-6 days, 
blmrk prisms of Cot^'SiH.IlNHg are formed. 

According to .1. J. Berzelius, an aq. soln. of calcium thiocarbonate gives a dark 
brown procipitate witli a soln. of a jilatinic salt; the precipitate is soluble in an excess 
I of th<! thiocarbonate, forming a brownish-yellow soln.; when dried, the precipitate 
lis nearly black, and is presumably platinic thiocarbonate. When heated it gives off 
fiCarbon ilisulphide, and sulphur, and leaves platinum sulpliidc behind. According 
fto K. A. Hofmann, iridium thiocarbonate and rhodium thiocarbonate are formed 
Hn a similar way. These three thiocarbonates readily combine wdth ammonia. 
Hydrated platinum diamminothiocarbonate, Pt0S3{NH3)2.l2Hi»0, is obtained from 
])otassimu ])latin(>ns chloride, coiic. ammonia, ami carbon disulphide. It crystal- 
in long, red neeille.s, is insoluble in cold water, ammonia, or sodium hydroxide, 
ami gives up*its water of crystallization when allowed t<? remain in vacuo over 
.sulpliuric acid. It gives no coloration with sodium nitrqferro^yanide, nor a mcrca})- 
tan nor methyl 8ul[)hide when boiled with methyl iodide. Under cettain condi¬ 
tions, which*liave not yet been determineTl, platinum tetranuninothiocarbonata* 
Pt 2 C’U(NH 3 ) 4 CS 3 , is formed, and crystallizes in sKuder, red needles ; and platinum 
amminothiocarbonate, is obtained from ammonium piftvbmm chloride, 

uininonia, ami carbon disulphide; crystallizes in lustrous, black crystals, and is 
easily soluble in dil. sodium hydroxide. • 
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§ 44. Perthiocarbonates 

Perthiocarbonates analogous to the percarbonatcs prepared by electrolysis 
have not been obtained', but salts corresponding with the percarboiiates produced * 
by acting on tlie carbonates with hydrogen dioxide have been made. Thus, 

A. Gelisi^found that‘‘when carbon disulphide is treated with sodium disulphide, 
NajS^, sodium porthiocarbonate, Na 2 C!^ 4 , is obtained ; and a similar cempound was 
made by the direct action of sulidiur on the thiocarbonates. There is no analogous 
mode of prej»f.ation with the percarbonates, and this fact brings out the greater 
tendency ^f sulphur atoms to form chains than js evinced by oxygen atoms. 

E. W. Yaoman prepared sodium perthiocarbonate in the following manner : 

Sodium (2*3 grtuB.) was dissolved in 40 o.c. of absolute alcohol and mixed with a soln. 
of 2*3 grms. of sulphur in 40 c.c. of alcohol so as to form an alcoholic soln. of sodium sulphide, 
which was converted into the disulphide by the addition of 3*2 grms. of sulphyr. A slight 
excess of carbon disulphide was added, the colour of the soln. changing from yellow to 
On addition of to this porthiocarbonate soln. a reddish-yellow oil was precipitated, 
which slowly soliuthed to a raicrocrystalline mass ^f brownish-yellow needles. On keeping, 
the nitrate deposited a further amount in uodular aggregates of prismatic, doubly refracting 
needles, c^talline mass was collected, washed with ether in an atm. of hydrogen, 
and finally dried at 60° in a stream of the same gas. 

f 

Alternatively, the sodium disulphide required may be prfpafed by the direct 
addition of sulphur to the sodium hydrosnipbide without addition of a second mol. 
of sodium ethoiide, the disulphide being then formed with the evolution of hydrogen 
sulphide. The salt is very deliqueacent, and readily dissolves in water, forming a 
vmIow soln.; it also dissolves in alcohol, from which it is precipitated by qther or 
beniene. The salt is stable in dry air free from carbon dioxide, but it is quickly 
decomi> 08 ed in moist air owing to the loss of carbon disnlphidaand the oxidation of 
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BPiesidue mainly to thiosulphate; NajC 84 =Na 2 Sj+CSj J and NajSs^l-sf^O+SO 
PHa 2 S 203 . 5 H 20 . When heated, the perthiocarbonate behaves like the thiocar- 
■bat* excepting that sodium disulphide takes the place of the monosulphide. The 
soln. can be kept unchanged,for a long time in the absence of air ; but if a’r has 
bc|p, carbon disulphide and sodium thiosulphate are formed. When the air-free 
loin, is'heated in a sealed tube, sodium thiosulifeate is formed; some sulphur 
fcparatel when the tube is*coolcd, and much hydrogen sulphide escapes on opening 
|he tube. The rcactioiJB, in the main, resemble those with sodium thiocarbonste. If 
an aq. solm of tht salt be distilled in the absence of air, it loses its carbon disulphide ; 
if a current of air be passed thapugh the boiling soln. some earbonate is formed—there 
was neveOa 50 per cent, conversion to the carbonate. The salt is quickly decom¬ 
posed by carbon dioxide, forming carbon disulphide, a cirbonate, sulphur, and 
hydrogen sulphide. With sulphur dioxide, thiosulphate, suljihur, and carbon 
disulphide arc formed : 2 Na 2 CSj 4 - 3 S 0 . 2 =; 2 Na 2 S 20 :)*|- 3 S-|- 2 CS 2 . A 8 oln./)f thcsalt 
does not (lissolve sulphur. The ftlditional sulphua atom in the iwrthiocsrbonate is 
readily removable by reagents which have a direct action on sulpljpr, such as 
hydrocyanic acid or sodium cyanide. When excess of the latter reagent is jdded to 
the pure yellow soln. of the perthiocarbonate the coloui soon changes from yellow 
to the characteristic red of the thiocarbonates, the additional atom of sulphur being 
removed and converted by the cyanide ipto thiocyanate. E. W. Yeoman prepared 
potassium perthiocarbonate, K 2 CS 4 . JH^O, by the method employed for the sodium 
salt. Attempts to remove the water resulted in the decomposition of the salt. The 
reactions resemble those with sodium perthiocarbonate. H. von Halban and 
co-workers examinwl the spectra of soln. of pertbiocarbonic acid, H 2 CS 4 , in 
chloroform, toluene, and light petroleum, and of the sodium salt in aqueous soln. 
They also measured the rate of decompasition of the acid in several organic 
jsolvents. 

S E. W. Yeoman pn^pared ammonium perthiocarbonate, (NH 4 ) 2 CS 4 .H 20 , by 
Converting a 20 )ier cent. alcohoUc soln. of ammonia into the hydrostilphide and 
.adding the exact amount of sulphur to convert it into the disulphide, (NH 4 ) 2 S 2 , all 
the operations being made in the absence of air. tin addition of carbon disulphide, 
the’perthiocarbonate was immediately precipitated as a yjllow, crystalline solid. 
The crystals w^'re collected, washed with dry ethef with the usual precautions, and 
the ether was removed as completely as possible in a aorre^t of hydrogen at the 
ordinary temp. The anhydrous salt was obtained in monoclinic or tricliirtS crystals 
by allowing in alcoholic soln. of the raonoliydrate to evaporate spontaneously at 
ordinary temp. The salt decomposes completely tvhen heated to ItX)'’ in a current 
of hydrogen and leaves a residue of sulphur. The general behaviour of the perthio¬ 
carbonate resembles that of the thiocarbonate. At the ordinary temp.* ^q. soln. 
are only very slowly converted into the thiocyanate, excess of ammonia hastening 
the reaction. As with the trithiocarbonate, the conversion to thiocyanate is 
complete if the salt is heated in a sealed tube with alcoholic ammonia at 100 °. 
The sqln. of both ammonium trithiocarbonate and perthiocarbonate arc very 
unstable, partly because of the well-known change which ammonium trithio¬ 
carbonate undergoes, whereby it loses hydrogen sulphide in tw(f stages, paqjing 
successively into ammonium dithioSarbonate and ammonium thiocyan|ite, and 
partly on account of the ready manner in which it undergoes compUtc dissociation 
into ammonia, hydrogen sulphide, and carbon disulphide. 

E. W. Yeoman prepared a basic salt, caldnm tetnthydroxyperthiocarbonate, 
CaCS 4 . 2 Ca(OH) 2 . 8 H 26 , by converting calcium oxide into an aq. soln. of the poly- 
sulphide. and passing a current of hydrogen sulphide sat. with carbon disulphide 
van. On evaporating the soln. in vacuo, dark red needles of the basic salt were 
formed. With alcoholic soln., an impure perthiocarbonate was formed. E. W. Yeb- 
man succeeded in preparing soln. of strontfuiil, bariom, and mwadoin pertfaio* 
CarbcHiates by allowing aq. soln. of the thiocarbonates to dissolve in sulphur. 
Attempts to make tHb solids were not successful. ^ 
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46. The Thiocarbamic Acids and the Thiocarjiaraates 


The analogy between carbonic acid and thilwalbonic acid, and between the 
carbonates and the thiocarhonatoB, extends also to carbamic acid (?. 2&, 34) and 
the thiocarbamic acids*: 


Cnrlmiiiii' m ill 


nh/ 

Vlilociirbimiic acM 


mi 

Anunonium ditliiombainatu 


In liarnjiniy with the observations on tlie tlriocarbonic acids, there are three possible 
thiocarbamic acids, namely : 


H()^ 
NH " 


•(.'S 


Tliiiim'iirhaiiilc iidd; or 
^-thlocHrliiimic itclii 


HS 

NH, 


XD 


'J’liloli'iirbaiiilf iH’bl; or 
■.•tlilofiirbiunlc acid 


HS 

NH. 


>0S 


Tliioltlilunriirbainic acid; or 
dltiiluoarbiiinic arid 


F. Salomon ■ made methyl thioncarbamate, NHjCS.OCHj; and H. Debus, 

G. Chanel, and F, Salomon made ethyl thioncarbamate. These esters are deriva¬ 
tives of thioncarhamic acid. E. Riankenhorn made methyl thiolcarbamate ; and 
A. Pinner, P. Salomon, and A. Fleischer, ethyl thiolcarbamate, which are deriva¬ 
tives of thiolcarbamic acid. M. Rerthelot made ammonium thiolcarbamate, 
Nllj.OO.SNH 4 , '>y passing gaseous carbonyl sulphide into alcoholic ammonia; 
E. Schmidt and A. Kretrschmar, by passing the same gas into aq. ammonia at (1°. 
The salt lorms colourless crystals, very soluble in water, moderately soluble in 
alcohol, and insolnhle in ether. The dry salt becomes yellow on exposure tit- air, 
forming ammonium llhocyanate. According to H. Mulder, water a9 100° converts 
ammonhim thiocarh^malp into ammonium hydrosulphide and hydrocarbonate. 
The dryvagUi forms thiourea when heated in a sealed tube at 135°, or when its cold 
aq. soln. is treated with lead hydroxii#’. Ferric chloride forms a reAliquid whicli 
ultimately yields a precipitate.- A. Fleischer found that mercuric oxide, in the 
cold, (■onveftS'’ammomum thiolcarbamate into ammonium cyanate. When the 
ammonium salt is treated with acids, thiolcart^jimiaacid, NHj.CO.SH, is liberated, 
but it iiflmediately decomposes into carbonyl sulphide and ammonia, 

W. C. Zeise '4 prepared ammonium thiocarbamate, or ammonium dithwearbamate, 
NH 4 S.CS.NH 2 , by the action ol carbon disulphide on alcoholic ammonia —mde 
supra, ammonium thiocarbonate. H. Debus said that the best yield is ojitained 
by working at 10°-15° with not too cone. soln. E. Mulder passed the gas from 
160 grins. \)I ammonium chloride and 3(X) grins, ol quicklime into 600 parts of 
95 \)et cent, alcohol and 96 grms. ol carhonvdisulphide, and crystallized at about 
30°; in*j,Kis i^y no crystals of ammonium thiocarbonate were formed. It is also 
formed when ammonium thiocarbonate is heated. M. Freund and 6 . Bachrach 
obtained a 65 per cent, yitld by mixing 50 grms. of 10 per cent, alcohohe ammonia 
dil. with 5 grms. of 96 per cent, alcohol, and 12 grms. of carbon disulphide. 
G, Inghilleri prepared ammonium dithiocarbamate by heating 6 grms. of carbon 
disulphide and 8 grms. of ammonium carbonate in a sealed tube for 6 hrs. at 100 °^ 
110°: CSj-f(NH 4 ) 2 C 03 =H 20 -j-C 02 -t-NH 2 .CS.SNH 4 . Ammonium thiocarbanSate 
furnishes citron-yellow, prismatic crystals. If derived from 95 per cent. Alcohol, 
said E. Mulder, the crystals are but feebly coloured, and with 85 per cent, alcohol, 
colourless needles are obtained. W. C. Zeise said that whea fre^J prepared the 



CARBON 


133 


crystals have no smell, but after standing in air for some time, they%meU of 
ammonia and hydrogen sulphide*; sulphur, water, and ammonium thiocyanate 
are formed. In moist air, said H. Debus, the crystals give a turbid liquid which 
consists almost wholly of ammonium thiocyanate. If air is excluded, W. Zeise 
Toi^nd that the imdried crystals pass in some weeks into hydrogen sulphide and 
ammonium thiocyanate. When heated, the crystals melt with some bubbling; 
at 150°* much ammonia,aprobably mixed with cyanogen and nitrogen^ is eyolved, 
and carbon disulphide, ammonium tWocarbonate, and thiocyanate are formed ; 
and at 200°, th^ mass leaves a brown residue. The crystals are readily soluble in 
water, forming a yellow soln^ il. H. Gladstone found a soln. of the salt in 18*71 eq. 
of watei^has a sp. gr. 1*091 at 10 °, and the refractive indicts 1*4171 with the A- 
line, and 1*^254 with the D-line. W. C. Zeise, and M. Kreund and G. Bachrach 
found that chlorine, or ferric chloride, converts ammonium thiocarbamate into 
Ihiomrhamide disufphkley {NHgCS)i;S 2 . P. Klason*ob 8 erA?d thaT the same product 
is obtained by the action of » hydrochloric a^id soln. of iodine. Atcording to 
W. ('. Zeise, wlien hydrochloric acid or. 8 ulphuric acid, dil. wdth 8 parts of water, is 
mixed with the salt dissolved in 12 jiarts of water, the mixture bttomes turbid 
in a f(iw minutes; the more dil. the soln., the longjr is the ajtpearaifce of the 
turbidity delayed. If the soln. be allowed to stand in a closed vessel for 12 hrs., 
carbon di.sulphide, and an ammonium salt, and probably hydrogen cyanide, arc 
formed. If th<‘ uq. soln. be heated, or if the alcoholic soln. bo allowed to stand 
or warmed, carbon disulphide, hydrogen sulphide, and ammonium thiocyanate 
are formed. For the action of hydrochloric acid, vide infra. A. W. Hofmann 
found that with an alcoholic soln. of iodine, ammonium thiocarbonate furnishes 
ethyl thiocyanate, and ethylamine, C 2 H 5 NH 2 . W. C, Zeise said that ammonium 
dithiocarbaniate dissolves very sparingly in cold alcohol, but is more soluble in warm 
alcohol. E. Mulder said that the salt is insoluble in alcohol. A. Fleischer found 
that sulphur 8 (q)aratos from the alcoholic soln., and W. C. Zeise observed that 
ammonium dithiocarl)onate, thiocyanate, and thiosuljdiate are formed when the 
alcoholic soln. is warme<l. The salt is insoluble in petroleum. H. Debus said 
that wlieiv ammonium dithioearbamate is wajmed with potassium hydroxide, 
pdtassiuin thiocyanate and hyilrosiilphide, ammonia, and water arc formed. 
A. Fleischer %aid that the salt is desulphurized mercuril oxide. 

According to H. Debus, a soln. of ammonium ^thiogarbamatc with cerium 
sulphate furnishes colourless needles which contain no c(M*ium; urajjium nitrate 
soln. is coloured bloo<l-re‘d; with soln. of arsenious acid, antimony peniachloride, 
stannous chloride, or bismuth nitrate, white or yellow jirecipitates are obtained; 
mercuric chloride soln. gives a white precipitate -prob^,bly meif'rirous chloride— 
nickel sulfihate soln. gives % yellowish-green priicipitatc; and platinje chloride a 
brown precipitate. J. Klein discussed the jiossible apjilications of tihe salt in 
analytical chemistry. Cupric thiocarbamate, Cu(S.CS.NH 2 ) 2 , is precipitated as a 
yellow powder insoluble in water; zinc thiocarbamate, Zn(S.CS.NH2)2. as a white 
mas^; and lead thiocarbamate, Pb(S.CS.NH 2 ) 2 , as a white mass which blackens 
when boiled with water. A number of complex thiocarbamates were made by 
H. Goldschmidt and L. Schulhof, S. M. Losanitsch, A. W. Hofmapn, and G. Ponzio. 
M. Delepine made complexes with* 8 odium, copper, silver, barium, zinc, mercury, 
lead, cobalt, and nickel thiocarbamates ; and L. Compin, with coppery Cobalt, and 
nickel thiocarbamates. * 

If hydrochloric acid be slowly added to a couc. soln. of ammonium thiocarbamate, 
cooled below 1Q°, tie free acid-^thiocarbamic add, HS.CS.NH 2 — 8 cparates out in 
colourless needles wfiich are very soluble in water, alcohol, and ether. The alcoholic 
^In, of the acid decomposes into carbon disulphide and the ammonium salt; and 
p fhe aq. soln. when warmed decomposes into hydrogen sulphide, and thiocyfinic 
acid.* E. Mulder found that when heated the acid forms the ammonium salt, 
HS.CS.NH 2 :=CS 2 -f NH 3 ; and NHg-f HS.C 8 .NH 2 =NH 4 S.CS.NH 2 . 

Accordiftg to €. B. L. Smith and F. Wilcoxon ^ azido^ttiiocarbonic add, 
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HS.lS.Nj, h^s been prf^iared by the treatment ot cone. soln. of the sodium salt 
with cone, hydrochloric acid. It is a white or'very pale yellow, crystalline solid; 
it crystallizes in the inonoclinic system, has a strong double refraction, and is 
readily soluble in non-aqueous solvents. It has tli|! characteristic properties of a 
strong acid, and its strength approaches that of hydrochloric acid. It is easily 
oxidized by various oxidizing a,gent8, yielding the free halogenoid, azido^thio- 
carboQate /S.(,'iS.N3)2, In the solid form, the acid is very sensitive to both shock 
and to heat. It undergoes spontaneous dbcomposition at ihc ordinary temp., in 
kecivng with the laws of unimolecnlar change. In the dry state" this reaction is 
catalysed by an intermediate product or by tbj l^iocyanic acid formed, but 
not in aqueous soln! The decomposition may be represented by the'equation 
HS.CS.Nj—HSCN-l-H f N2. The solid product formed consists of polymerized' 
thiocyanic acid aiyl free sulphur. 

' f 

*REKeBENq|!.S. 

‘ K. Maldw, ImIiu/h Aim., 168. 228, 1873; H.«l)cbu«, it., 72. 1, 1846; 76. 121, 1850 ; 82. 
263, 18521 A. Kleiscliiir, Her., 9. 438, 1)91, 187(1; E. .Sclimillt, it., 10. 1111, 1877; A. Pinner, 
it., 14. 1083, 1881; A. Krotzstnmar, Jmm. prakt. Chem., (2), 7. 474, 1873: E. Blankenhoni, 
it., (2), 16. 375, 1877 ; K, Snlom»n, it., (2), 7. 250, 1873; (2), 8. 114, 1873 ; 0. Chancel, Compl. 
Kind., 32. 642, 1851; .M. Jlertholnt, Ann. Chim. (5), 30. 63!1, 1884. 

’ W. V: gxiise, Arhniifirr s Jmm., 41. 100, 170, 1824; Jtmrv. pmki. Chem., (1), 30, 292, 
1843 ; P, KInson, it., (2), 36. 62, 1887 ; E. .Mulder, it., (1), 101. 401, 1867 ; (1), 103. 178, 1868 ; 
lAthig'.i Ann., 168. 232, 1873; M. Freund and C. Baehrach, it., 286. 201, 1895; H. Debus, 
it., 73. 26, 1860 ; VV'. A. Hofmann, Zuil. Chem., (2), 5. 671, 1869 ; j. H. Uladstone, Journ, Chem. 
Soc„ 23. 101, 147, 1870; Chem. Neim, 21. 114, 173, 1870; A. Fleischer, Ber., 9. 991, 1876; 
J. Klein, Jtepeii. ami. Chem., 7. 629, 645, 1887 ; G. Jnghilleri, (Jazz. Chim. Ital., 39. i, 634, 1909 ; 
H. (hildsohmidt and I,. .Schulliiii, Bir., 19. 708, 1886; S. jM. l/isanitsch, it., 24. 3021, 1891 ; 
A. W. Hofmann, 16 ., 1. 25, 1868; (1. Pnnzio, Cazz. Chim. Ilul., 24. ii, 277, 1894 ; 26. 1, .323’ 
1896; M. Deleiiino, Cmnpl. Bend., 144. 1125, 11KJ7 ; 148. 981, 1908; Ball. Sex. Chim., (4), 3 ! 
low ***^**^’ Compiri, it., (4), 27. 464, 1921); L. (’omjun and .M. Dclepino, it., (4), 27, 469, 

• (i. B. I, .Smith and F Wilco.io.n, Joma. Am. r. Chem. Sm\, 46. 2604. 1923. 


The chapter on carbon does not include those hydrocarbons and their derivatives 
commonly but arbitrarily (■-dmittwi into inorgatiic chemistry; the cyanides and 
complex ^midos; nor does it ineimje the combustion of the hydrocarbons. 
These subjects may biter be di3cu3.«ed in a supplementary volume. 




CHAPTER XL 

SIUVON 

• • 

§ 1. The History o! Silicon 

It was the general opinion of the early Greek philosophers that minerals and 
^rths were alt formed from water. Thus, about ^5 B.cf, The^hrastus opened 
fiis essay—ITcpt XlOiav^On Stones: ^ • 

Everything formed in the earth has its cl^igin oitlier from water or from e^th. Water 
is the base of all the motaU. • 

• 

Thcophra.stu8’ term KpiWuXXo?, translated cryslallus ift Pliny’s Huloriw naturalis 
(37. 9, A.I). 77), is derived from the Greek word for idl; and it was specifically 
applied to the mineral now known as roSk crystal or quartz because 

Crystal aasxmies a concrete form from oxcossivo congelation. At all events, crystal 
is t-o be found only m places where the winter snow freezes with the greatest intensity; 
»md it IS from the certainty that it is a kind of ice, that it has received the name which it 
bears in (Jreok. 

In his Bihliotheca historica, Diodorus Siculus made the counter-guess that 
ilthough rock crystal is formed from the purest water, it is not cold. Rather 
has the dimnvs color or solar heat made water so hard and dry that it has become 
crystal. Pliny’s guess, however, was most generally accopted.i G. Agricola, for 
instance, said that “ rock crystal is not ice, but a den.ser product of cold.” The 
idea was combated by A. B. de Boodt,2 J. J# Becher, and R. Boyle in the 
scvent<‘enth century. Thus, the last-named said: 

• ^ • 

I found the weight of iTystal to be to that of water of equal bulk na two and two-thirds 
to one; which by tlic way hIiows us bow groundlessly inHny4eart#d men, as well ancient 
as modern, make (Tystal to be but ice extraordinarily hardened by long aniWebement 
cold, wheroaS*ice is, bulk for bulk, lighter thaif water (and therefore swims upon it) and 
(to add that objtvtion against the vulgar error) Mad^astior and other countries in the 
Torrid zone abound with crystal. ^ 

The history of the discovery of glass is described later. The ancients knew very 
well that a clear glass can be made by fusing sand or nwk crystal with'salts of 
potassium or sodium. J. B. van Hclmont ^ noticed that such a glass can be slowly 
dissolved in water, and that the addition of aqua fortis to saturate the alkali, 
precipitate! the original quantity of siliceous earth. J. R. Glauber called the 
aq. soln. of the fused alkali and sand—oleum silicum, or liquor sUicum; and 
J. N. von Fuchs, Wosserglas {q.v.). • • 

The high temp, fusibility and the resistance of silica to chemical reagSnts 
has greatly retarded the development of the chemistry of silica. (J. W? JSchcele’s 
discovery of hydrofluoric acid, in 1771, proved a veritable touchstone to the 
chemistry of silica, but even then, progress was and'is very slow. Silica has 
been identified witlf^he terra vitreiuMis of J. J. Becher< (1. I, 15). In 1666, 
0. Tachenus pointed out that, unlike earths, silica has acidic properties, lor it unites 
'^th alkalies, and shows no tendency to neutralize the acids. The feebly acidic 
etiualities of silica were emphasized further by J. Smithson, and J. W. Dobereinor. 
J. J. Berzelius (1811), indeed, showed that silica unites with the bases in definite 
proportions, forming salts of silicic acid; and that siliceous minerals are to be 
regarded as Sefinitc^its of this acid. T. Bergman separated silica from siliceous 
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earths by fusing them with alkali carbonate or hydroxide, and treating the product 
with dil. acid—insfliuble silica, and soluble alkali salts were formed. 

Towards the end of the eighteenth and the beginning of the nineteenth centuries, 
G. L. L. de Bnffon.t P. .1. Macquer, and many ether chemists regarded silica as 
a primitive earth, for it wa.s argued: /« silice est la pim homogine, Ut plup sinple, 
a la plm elmntinire des lerri’s} This view was favoured by the infusibility of silica, 
and'the resistance which it offiTs to attaclj by reagents generally. Some aluminous 
earths, however, were confused with silica. J. H. Pott,“ in his memoir: Ueber den 
tPrm mtre.Hcntlbm (1716), emphasized his belief that the chid? constituent of the 
vitrifiable r<]ck8 wa^ a peculiar earth which coufil iftt be converted into lime, but 
which, when fused with alkalies, forms a lerra alcalina which is pracipilatcd by g 
small amount of acid) and can be dissolved in an excess of vitriolic acid producing 
what he called lifrii sekjnlica. The work of J. H, Pott was extended by A. Baume, 
and J. C. Meyer. A. Baifnic showed that oidy freshly precipitated silica is 
soluble in the acid: c ' . 

II taut iweiillre (andis qu'ollo est on l>o\lillo*et. avant qu’clle ait 6t(i sitcheo ; ear lorsqu’on 
a faitys'.i'hor, los imrtios so sont reuni(>8 et a);VliitiiieeB orit.ro olios par ratfrnetion : cetto 
utrro ftl(>rn no pins ho dwHoui^re. 

i. A. Cartheuser, V. Seheele, and T. Bergman demonstrated chrarly that 
a though precipitated silica could be di8.srilved in water and acids, it was not an 
'rao At the end of his essay : Ik term silicea (Upsala, 

1779), I. Bergman eonchidcd that: 


Tlioiw oartlis are called prirnitivo wliir li oaiinot l» resolved into Midi ns are incro siinalo 

Um«fo77,mZr r "" 7'”'''' T I’''""*'''™ carlhs ir,: 

S hv . ' •' ' , """'.'■■'‘''W- "'lieeous earth may bo considered to bo primitive 

of is o„7 ' ’[(’''V'"'”""’ “"“ly'"’ '">'1 syntbctic, It bo domonsiratod that the base 

SI i t™ ^ ’ T ' -" “■'Od whether 

-ooviH cart I altOKoUior Hintplc and homogeneous, the propcti- answer would be in tlie 

:iX7frt:,'txr” ... tomd^t: 


wasIhUt‘'“rill '» Iirimitive, but hi.s confidence 
was shaken because hp adrleil, “ but not altogether primitive.” This doubt was a 
rrault of us repetition of sonic ex>.ri„ieiita by (J. W. tjcheelo,? who, in'l771, regarticd 

ha 1 sh(^ in 1768, the gas olitamed when lluorspar is heated in a glass retort 
witl sulphuric aeiii, gives a precipitate of silica when passed into witef It 
however, proved by J. (.. I. Meyer that no silica is obtained if the, aiilpiiuric acid 
be heated w«, th.orspiw iii a lead retort; and (1. W. Seheele, and J C Wieglell 
then demonstrated t hat no silica is obtained if the nfateriala used in the preparation 
of t e Psare lo;pt out, ..f contact with any substance containing .silica ' ^ 

About 1808, J J. Berzelius mentioned in a letter to H. Davy that in makimr an 

K!. ^ J 7. ® "■.^mixture of silica, iron, and charcoal. This product 

dtfmately proved o be an alloy of silicon an*d iron, namely,/ermsiheon In 
H. Davy hltemptcd to isolate the metal by the electrolysis o si iea nrt; r,!d ’ 

l!”b f No definite result was obfaiitV'd by J. Mantell 

in 1816, although in 18()9, J. L. Guv Lusssc and Ti T Thi'mot */4 kra * i i. • ’ 

vapour of le gazfimtiqm silice, 'and noted that the. reaction wa^ attenderbTthe 
development of much heat and light; a large quantity o hreas wTs b % 
and very little hydrogen was produ;ed ; tl TotolfdtpZred 

Ser Zmj 'jT”' p ™.not extndned 

urtlier. In 1823, J. J. Berzeluvi priulucod the element by reducing potassium 
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3uo8ilicate, K 28 iF 0 , with potassium, and he also determines its chief peopertiea— 
Me infra at. wt. silicon. J. J. Berzelius called his product Kiesd, but this term 
has noi been adopted. 
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- § 2 . The Occurrence e! Silicon and Silica 

iSiiicou docf< not oonur free. Silicon i.s next to oxygon the most a])nndant 
oletnent in Nature. It occurs in all silicate minerals, and it is th^TIharactoristic 
ek'nicnt of all important rockt outride the carl)oiiat(!S. F. W. Clarke's estimate 
of the mean percentage minRrah)gical compo.sition of about 700 igneou.s^ocks is 
<piartz, 12 0; felspars, OU'5; hornblende and pyroxene, KPS; mica, 3'8; and 
accessory minerals, 7 9. According to F. W. Clarke’s estimates,* 27 per <^nt. of 
the eafth’sjithosphere is combined silicon, and 47‘33 jier cent, is oxygen. wAgam, 
85 79 per cent, of the earth’s hydrosphere is oxygen ; and the avera^ in the 
lithosphere, hydrosphere, and atmosphere is 50'02 per cent, oxygcni 25'8(/per cent, 
silicon. F. W. Clarke further estimates that on the average, 59'79 j>cr centf of 
the igneous rocks ; 5810 per cent, of the shales ; 78‘33 per cent, of the satiflstoncs ; 
and 5-19 per cent, of the limestones in the earth’s crust consist of silica—^froc or com 
billed. The weighted average for the litho.sphere is 59*77 per cent, of silica. 

Silicon occurtf as tree silica, silicon dioxide, in the form of quartz, and, as such, 
i.s one of the most common and most abundant minerals on the earth’s crust; it 
^nis whole mountain ranges in Scotland, Ireland, North AVales, Shropshire, and 
numerous other parts of the earth. Some of the water-worn quartz grains in the river¬ 
beds of Minas Geraes (Brazil) are transparent and colourless, and they are used 
extensivel}’ BraziJMn pebbles in the manufacture of spectacle and other lenses. 
Similar pebbles are found in Madagascar. Thejilear and transparent varieties of 
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quartz wete called cr^tal by the ancient Greeks; and to-day they are known as 
tock crystal —cristul de roche, or BergkrystaU ; while the variety which is white, 
and translucent or opaque is common quartz. Some bf the glittering rock Crystals 
areValled “ diamonds ” in particular districts— Bristol diamonds, Mi^maroscker 
Diamanten, etc. During the cinquecents period—sixteenth century transpurent 
and colourless quartz was made into vases, bowls, etc., and elaborately engraved, 
and«thi8»mineral was similarly treated by the ancient weeks and Roma-ns. Rock 
crystal was probably the sixth precious stone—under the name adamas (diamond)— 
dfftcribed in Exodus (28. 18; 39. 11) as ornamenting the breUst-platetof the high 
priest of the children of Israel. * ^ 

Nature furnishes some beautiful specimens of crystalline quartz. A single 
crystal weighing neafly a ton has been reported at Calaveras (U.S.A.), and some 
fine crystals hav^)een found in many other places—Dauphine, Savoy, St. Etienne-Ia- 
Varenne. the Apuan Aljis, th6 Alps, Snowdon in Wales, Tintage! in Cornwall, etc. 
Quartz from different localitiesoften shows differences in colour, translucency, and 
structure- tliore are a great number ctf varieties to which special names were 
applied before it was known that they belonged to the same mineral species, and 
composed of tlie same f^indamental substance-silica. Some of these varieties 
still retain their old triviaAnames, and some are important gem-stones. 

For oxaniplo, tlio amethyst, aniclhystinrt^oT amthyst (piarlz has a bluish-violet or 
purple colour. It obtains its name from a, not; and pKdvu), to intoxicate, because it was 
fabled to possess soino quality whii^h prevontod intoxication by wme drunk from amethyst 
vessels. A sample from Minas (leraos (Hrazil) analyzed by H. Rose* yielded 97-5 per 
cent, of silica; 0-25 per cent, of alumina; 0-6 per cent, of iron oxide ; and 0’25 per cent, 
of tnaiigane.He oxide. It has been suggested that the colour is due to the last-named 
oxide, but this has not Uion defuutely deeidod. C. F. Raminelsberg's analysis of a Brazilian 
sample showed no manganese, and bo assumed that the colour is due to a com¬ 
pound of iron and soda. The colour is not destroyed by heating the mineral to about 
300", but if boated to redness, the colour becomes yellow when cooled. W. Hermann 
found that smoky quartz, amethyst, and citrine lose their colour when heated in oxidizing 
or rwiiu'ing gasi's, and therefore the tinctorial agent is not an oxide of the heavy metals. 
T. L. Watson and H. F. Beard,T. H. Holland.regarded the colour asdue to finerutileinolusionsj 
and F. F. Holden, to hydrated colkudal ferric oxide. Rose quartz has been stated to owe its 
rose-rod colour to manganese; hut this is not certain. The colour becomes paler when exposed 
to light. J. N. Fuchs* ^.ttnhutod the colour to the presence of 1*0 to 1T> ppr cent, of titanic 
oxide; W. Hi'rmann, and F. F. HoIHen, to tervalont manganese; and R. Brauns, P. Berthier, 
K. von Kroatz-Koschlau, ayd 'P. L. Watson and K. F. Beard, to organic matter. A. Nabl 
found t^n's of iron and sulphur in amothystM, and showed that citrine had the absorption 
spectrum of iron oxide; accordingly, lie* assumed that the colour was pn ducod by iron 
tliiocyanate, but this is not likely. F. Weinschonck opposed the views that the colouring 
matter is organic, or titania alone, though he said it might bo due to small amounts of 
sesquioxidos Wf*litanium,«tin, or zirconium. Ho obtained a rod Ailour with alumina and 
titanium. ^ It is not improbable that the colour ,jof the amethyst and rose quartz is 
really (4|o to manganese. E. F. Holden found a pink crystal to be colourod by haematite 
inclusions' of microscopic dimensions. 'Hie decolorization of rose quartz by heat was 
studied by W. Hermann, K. Simon, and K. F. Holden. Yellow quartz, or citrine, is the 
colour of topiu, and has hence been called fuJsr. to/)az. F. F. Holden found a sample of 
citrine colouix'il by Bubmicro8co\)ic particles of hydrated ferric oxide. Smoky, quartz, 
or 9 U(irft cJljtmaAf or Rimcliqujrrz, owes Us yellow, brown, or black colour to'the presence 
of «,)rgamc matter or hydrocarbons. Sometimes the quartz is so rich in organic matter 
tliat it luw a n^kW smell when warmed—-sttnA: (piarlz or foetid quartz. K. von Kraatz- 
KcAohlau a^id L. Mahler found 0*04 j)or cent, of Jarbon, and 0-01)73 per cent, of hydrogen 
in a sanif^e pf smoky ^quartz. R. J. Strutt found smoky quartz to be optically turbid, 
scatterintt ligK^very sti^ugly ; Imt C. V. Raman showed that with ultra-red rays, smoky 
quartz is as tiWsparent as colourless quartz. A. Forster made some observatioiu on this 
subject. B. L.\Vanzetti fotmd some specimens exhibit Tyndall’s phenomenon, and the 
coloration disapp^rs at 300'^, The lighter coloured varieties of siivAy quartz were possibly 
those called morwftrion by Pliny. Cut specimens of yellow and brown smoky quartz from 
Banffshire are knoWn as cairngorm. Milky quartz, or quartz laileax, or quartz en chemise, 
or Afikhguan, owes its opalescence to the presence of innumerablo cavities conteinitf'^, 
according to 1). Brewster,* an oily liquid ; sometimes the cavities contain a bituminowf 
fluid and at other times water and air-bubbles. * 

The colour of common quartz is very varied, and is usuttlly due to the presence of 
foreign particles enclosed in the crystals. For insbMice, femigirwss quarti or Eisenkiesel 
is coloured either red by ferric oxide, or yellow by hydrat^ ferric oxide; ooerUtirine 
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iorti contoinB scales pf mica or hematite which give it a spangled appearai;^. Cat's 
>e, oeuil de chat, or Katxcnaugt is a iraaalucent variety of quutz ^th numerous fine 
ires of asbestos or actinoliie arranged parallel to one another, which cause a curious 
tatoyanl reflection from the surface with a play of colours moving across the surface 
I the stone is turned. Cat's>eye q^turiz is sometimes called crocidoliU — Kpoxis, woof— 
j.t*t}^ name is usiudly rc^rved for a variety of chrysoberyl. 

• 

Chcre ue two native f^ms of crystaUinc silica, Wdymite and oristobaliie, 
hich are quite different jrom quartz and from each other, so that silica is ht le&st 
•imorphous. Trii^mite is found in the more siliceous igneous rocks which hav^ 
rystallized from mdlten magmas^ in volcanic lavas, and in some meteorites, 
ristobalite is comparatively rdte; it sometimes accompanies ^fidymite. Cristo- 
jlite has noeu found in Cerro San Cristobal (I’achuca, Mexico), St. Vincent 
Martinique lava, 1902-3), Mont-Dore (Plateau Central, France), Olokele Canyon 
Kauai, Hawaiian Islands), Rhenish Prussia, Tuscan Sprijigs (Tehama County, 
)al.), and Jamestown (Toulumne County), in the obsiclian of Yellowstone National 
’ark by A. F. Rogers; ® and in a meteorite found fn Kendall County (Texas) by 
V, F. Rogers, Tridymite has been founrf in the trachyte of the Eugangan Hills, 
rear Padua; * in the trachyte of Drachelifels ; in rocks in Scotland, Laachej Sea, 
?hlegr«ean Fields, Moezar (Hungary), Auvergne, Dcmareiill (Persia), Aden, Guate- 
nala, New Zealand, etc. * 

The different forms of quartz can be arranged in three groups: (1) The crystalline 
poup described above; (2) the chalcedonies which were once thought to be 
imorphous, but which are really partially crystalhne—cryptocrystalline—xpezm!?, 
bidden; and (3) the hydrated silicas or opals. The name chalcedony is applied 
0 various forms of concretionary silica which appear to be made up of quartz, 
,nd hydrated silica of the nature of opal. Chalcedony is translucent or opaque; 
tfid either white, grey, yellow, brown, or blue. Although crystalline, chalcedony 

E not the external form characteristic of crystals, but rather occurs in mammillary, 
rvoidal, globular, or atalactitic masses. 

The amount of water in different varieties of chalcedony varies from less than 
\ip to about five per cent., and this in conjunction with the general relations 
vhich chalcedony bears to quartz and to opal, confirms C, Hintze’s view ’ that chalce- 
louy is a mixtuge of crypto-crystalline quartz and a hydrated form of silica related 
o opal. Assuming that the sp. gr. of opal is 2'1.5*and of quartz 2'6.5, the corte- 
iponding proportions of these two assumed component* ofechalcedony can be 
calculated fropi the observed sp. gr. Chalcedony can be dyed black, rffC blue, 
|reen, and yellow.* (.'halcedony appears to have been named after XoAxyMi' or 
KnXxyiWie, places in .ksia Minor, whence it was once obtained. All thf varieties of 
chalcedony referred to by Pliny and Theophrastus have not'been clearly identified 
with those recognized to-day. I'he fo-called (jmrlzine and luiedte are vafiqfies of 
chalcedony.® 

Tlie mineral camelian is a variety of chalcedony whicli is translucent and of a red 
colour, lienee the name caro.-camU, flesh; sard -from iSardes m Lydia, or Sardo tho 
(•reek natne for Sardinia- is an early name for iiarnelian, hut is now applied to a pale or 
dark brown translucent chalcedony ; plastna—nXaatia, image- is a variety of chalcedony 
coloured green by enclosures of green tiarth or chlorite, and it resembl«i grOen jasper. 
Heliotrope or bloodstone, is a form of plasma, and is a mixture of earthy chlorite aad 
[chalcedony. It is usually green in colour with small spots of iron oxide, blo^red in 
colour. The derivation of the name—from IJAtoy, the sun ; rpon^, a tuniingk—refers 
to the old suppemition that if the mineral be immersed in water it will change the imago 
of the sun blood*red. Another form of bloodstone is hematite, not mlica. Ckrysoprase — 
j xpvorcor, golden; a leek—is an apple-green or grass-green variety of chalcedony 

' found in Silesia. According to M. H. Klaproth's analyses,'^ the colouring agent is nickel 
oxide—approximately one per cent. Agate—Itova Achates, a river in Italy where specimens 
found and now called the DriUo—is a variety of chaleotlony sometimes with alternate 
or layers—light and dark. 8. S. Bhatnagar and K. K. Mathur discussed the forma¬ 
tion of Uiiese rings, and prepared artificially banded silica gel by allowing ferric, cobalt, 
or nickel salt soln. to diffuse into silica hydrogel — vide 10, 6 . A translucent, white or 

bluish-white \'avety, having included in it metal oxides causing brown, red, or block <lendritic 
forms, is called moss agate, or tree agate, or mocha^stmt^. Tho variety of agate c^led onyx 
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—ajuiger nail—tias concentric zones alternately white and dark brown or grey; 
tanionyx is a variety of onyx with while and* reddUh-brown layers. Flinl —also called 
nkx, or la piern d Jeu, or Feuernteinr—w allied to chalcedony. It has a conchoidal fracture, 
and tlic colour varies from grey to black. It is of organic'origin and often contains sponge 
spicules. The nodules of Hint found by primitive pian were shaped into various forms 
so that they could bo conveniently held in the hand, and used as implements or weapons. 
Man. the tool-maker, thus inaugurated the Stone Age, estimated to have been at least 
80,000 years ago. In the earlier stages of the Stone Ajjie—the Palseolithic'^Period-*-the 
fliiHs wdro roughly sliafied by chipping; wh||o in the later stages—the Neolithic Period—the 
flints were ground ami poli.Hlied. Chert or horrutone is a compact variety of chalcedony, 
and, liko flint, is of orgonic origin. Lydian stone —also called or touchstone —is a 

grey or veivcty-black flinty rock or siliceous slate jisod by jewellers for testing the purity 
of gold. The mot%l under investigation is rubbed on* the polished surface,of the stone, 
and the colour of the streak of metal, particularly when touched with atid, enables thpse 
exiicricticcd in tlio ceflour of the slrcaks to estimate, the proportion of gold in the alloy. 
This stone was wnployed by tiie ancients under the name lapis lydius or lapis basanitis 
for the same pilfpose. •The styuo was formerly obtained from Lydia (Asia Minor), but it is 
now obtained from other localities. A sample analyzed by J. B. A. Dumas gave: 

Al,0, VcjOs CaO Mgl) K,0 NajO 
VS4-40 5-25 Mf) 0-43 0'13 0*69 0-70 

with tiilplmr and plinsphoriis about O Ofi each ; water, 0'7 ; and organic matter, 4*()5 per 
cent. Jasper is a siliceous rock or hardened clay which occurs in masses mixed with 
some clay and yellow or rAl oxide of iron. If the yellow forms be hoateii, they lose water 
and become nnl. Jasper is somotimes striped green and brown, or green and red. In 
hyifptiun jasper the bands occur in concentric zones. Jasper is often mentioned by ancient 
writers, and in the Bible. 


Saiulstonos luiv.i been formoil by tlic cementing tngetber of the grains of sand, 
maybe under great press. The cementing agent may I>e argillaceous, calcareous, 
siliceous, ferruginous, barytiferous, etc. Special names are given to particular 
varieties - e.p. ijaniskr, elc. In the so-called quartzites, the graims of quartz sand 
appear to have been cementcil together by the infiltration of soluble silica. When 
thin section-s are examined uiicroseopically, the original quartz grains can usually be 
(listinctly scenin the outline within an envelope of nnfiltered and crystallized silica.is 
In some easiss. the <iuartz grains have, recrystallized. According to T. Graham:» 


The ternmliim of qiiartz erystels iit n low temp., of so freement occummeo in N'aturo, 

• ivimvinH a mystery. 1 can only imagine that such cryatals' 

arc hirmed at im inconceivably slow rate, and from solii. of 
silicic, acid which are extremely dil. Dilution, no doubt, 
woukciH the colloidal chatueU'r of such Hiibstain-os, and may 
tlieivfoi-e*allow tlicir crystallizing tondericy to gain ground, 
and develop itself, particularly wh.no the crystal once formed 
IS ompletely insolulilo as with quarU. 

Sometimes tj^e silicification of the grains has been 
so complete that to the naked eye the rock apjiears 
as homogeneous and compact as vein quartz, and 
it requires microscopic examination to reveal the 
agglomeration of the quartz crystals. A phptograph 
of a thin ^ slice from Lickey Hills (Worcestershire) is 
indirated in Fig. ], as viewed under polarized light. ’ 
Grains of othfr minerals may be cemented in the 
rock along with the (juartz grains. Some varieties of 
quartzite coniain over 99 per cent, silica. Thc/acfife 
mmhiom of Delhi is said by 0. Miigge '5 to consist of 
Fro. l.--S«tionofOu..r(.ziu which i>il.;rlQpk or dovetail into 

from tho Liokey Hills J" 1*^ a slight play between the 

(Won-esterahire), under pa^ticIcs. whatever be the true explanation, the sand- 
. polarized light. stone can be bent in an extraordinary manner witKdut 

1 • r . • ... •''‘■'“'‘‘•'F- 01 die bieg$ameSandatein' 

also occurs in Itacolumi, Mmas Geraes, Brazil -whence the name itacolumite—oad 
in ^veral other localities, e.g. Pennsylvania, North Carolina,*etc. * 
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The non-crystalline hydrated silica called opal contains up to 12 pjr cent, of 
rater. The colour varies from white to yellow, red, brown, grey, or blue; and the 
;em opal exhibits a beautiful play of iridescent colours. Selected specimens are 
nuch admired as gem stones, for they are said to “ reflect all the prismatic colours 
n Refulgent tints of inde8cribable*brilliancy.” Pliny says the opalits is made up 
)f the glories of the most precious gems. It was called or oiroXXws by 

DiWoriddb in his IIcpi vXijs iar/Mfc^s written about 50 a.I). Some have a suyer- 
jtitious dread of the stouc, which they 8Ui)pose porter tmllieur. R. E. Liesegang 
discussed the hyptitljesis that the opalescence is due to the presence of colloid#! 
matter. , • 

Uijalite Is a .transparent colourless variety of opal; hifdrophm^^ a variety which 
scomes tronsparont when plunged in water ; and ujiasekir is a rclaloavariety. Oeyii-ritc 
a variety from Iceland, and other geyser localities. Analyses by K. W. Woodward,” 

. Forchhaininer, A. Damour, t'. Bickell, J. W. Mallet, A. PeSlirmnnlF, etc., hove been 
Hiordtid by F. W. Clarke, and J. Roth. They run: SiOg, ?9‘34-94'40; Al,Og, 0‘09-10‘y(3; 
0,0,. 0 n 2«»; CaO, 0 171; l«gO, 0-100; K.O, O-l'OO; Na.O, O-S-SS; SO,, 
-2'41): volatiloH, l-fiO-14'50. D. Brewster has written on this subjei-t. The oecurronco 
f hyaliUi in pitclistono has l)eon noted by /. VV. Judd, and A. Soott; ftiul in flunite, by 
(irisclitsciiiiiBky. Peinfml wood contains much hydrated silica. Nuinorous othor*nainort 
lavo Ixnm applied to varieties of opaline or liydraled hilica, o.y. Jiro opal, wax opiU, glmn opal, 
ndk opal, uwlher-oj-pcarl opal, iron opal,ja»per opal, randan'Ue, 0 ii('nuliU'., rc«jno«» mlica, etc. 

In his dissertation Upsalienstbus (Upsala, 1770), T. Berginan reported 

he presence of silica in this spring water, and, since then, silica has been found in 
uost river, weU, and spring waters. In 1794, J. Black demonstrated the relatively 
large proportion of silica in the volcanic springs of Iceland; K. Bunsen also made 
observations on the silica contents of these waters; and F. Sandberger found 
0-5097 part and A. Damour 0-5195 part of silica in 1000 parts of^ water. 
A- K. Danibergi.s found 0 05 grm. of silica per litre in the spring water at Edepaos. 
C. Bickell found 0-lf)63-0*2;i73 part of silica in 1000 parts of the spring waters of 
feaykir; and J. Smith, 0-606 part of silica in l(XX) parts of water of Rotoinahana. 
'K. Woy fimnd the spring waters at Koinerz, Silesia, contained from 0'04994- 
0-l(Xl37 part of silicic acid, llaSiOs, per 100 parlij. L. Oolomba suggested that 
theSdiea of the fniuarole water at Jjpari is derived from the action of silicon 
fluoride on tlu*water. G. Forchhammer observed the presence of silica in sea¬ 
water, and observations on this subject have been made by W. E. Ringer, 
R. C. Wells, etc. According to J. Murray and R. Irvine, Ae part of ^-water 
contains front one part in 220,0(X) to one part in 460,000; and E. Raben found 
0 0002-0-0014 grm. of silica per litre. The necessary conditions for the dissolution 
of silica ill water seem to prevail in deep-seated cavities in the eartJr. The water 
rising to the surface is cooled,, and^the pressure reduced. Some of the^dissolvcd 
silica is then deposited at the mouth of the spring as a thick jelly. This afUrwards 
changes into a hard white porous mass of geyserite. The Great Geyser of Iceland, 
for instance, is surrounded by a large mound or hillock of silica with a funnel-like 
cavity ^rom which the geyser discharges. Geysers abo occur in the Hot Springs 
of New Zealand; Yellowstone Park, U.S.A., etc. Some petrifying springs owe 
their special character to the silicic acid which they hold in^solrk Woody 
tissue, for example, when immersed m such water, may be replaced by the silica. 
In many cases—e.^., the mineral springs at Yellowstone Park—the ali^Unity of 
the water seems to facilitate the soln. of the silica. The alkaliu? silichtes are 
decomposed by the carbon dioxide of the atmosphere and the silica is deposited 
in the neighbourhpockas^eyscrife or siliceotis sinter. 

Silica b a regular constituent of plant ashes; the grasses and eguiseUwece arc 
particularly rich in silica. According to J. L. Macie,^® siliceous concretions called 
d^Smehir {vide supra) are found in the nodes of the bamboo. F. J. Cohn discussed 
this product in his memoir Ueber Tabaschir. E. Wolff, and A. Vogel reported the 
ashes of barley to have 17'27-36'73 per cent, of silica ; oats, 33'46'55’95 ; maize, 
0*554; peal, 0-3*0®; the skin of potatoes, 1'93“9'40, and the inside, O-S’ll; 
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tobacco Ijaves, 4'51-48'39; and mushrooms, 0 09-15’37 per cent. The ^rigidity 
of straw was once supposed to be due to the silica it contains, but F. Sachs 21 found 
it possible to grow plants furnishing straw free from silica without affecting its 
rigidity; W. Knop, F. V. Jodiu, and F. Hdhnel obtained similar results. E. T. von 
Wolff and C. Kreuzhage found a difference in the progress of grain formatioi^ With 
and without silica; and A. D. Hall and A. Morrison concluded that the rtesence of 
silica increased the assimilation of phosphoric acids C. J. Schollenoerger and 
0 .^. ^edd also noted the stimulating effects of silica oa growth in soils deficient 
in phosphoric acid. 0. Leinmermann and H. Wiesmann cjiitluded^ that in the 
absence of phosphates, colloidal silica can take the p^acc of phosphate. D. R. Nanjo 
and W. S. Shaw sliowed that silica is present in the plant as colloidal^ilica ; and 
U. Abshagen found 4hnt in the silicificatiou of a plant, the loaves are affected firA, 
then the lateral^sprouts, and finally the stem. Transverse sections show that the 
increase in silica content protjieds from within outwards. The function of the silica 
in the straw of most ffruiidtim is not known. • 

Certain organisms which Abound in, sea and other waters probably obtain a 
large poKiion of their silica from the fine play matter in susijcnsion. The so-called 
diatomaceous earth, diatomile, or kieselguhr appears as a friable powder outwardly 
resembling chalk or clay,*and is virtually a mass of the siliceous skeletons of dead 
diatoms, which formerly^ivcd on the surface of pools of water, etc,, and ultimately 
settled to the bottom along with decaying vegetable matter. The resulting 
diatomaceous earth is not uncommonly found in peat-bogs, and marshes on the 
shores of existing lakes. Some of the older deposits arc consolidated— e.g. iripoU 
or tripoUle, so nameil from its occurrence in Oran (Tripoli). N. Goodwin has com¬ 
piled a bibliography of these earths. The skeleton of sponges is a delicate, network 
of glass-like fibres and spicules consisting of hydrated silica analogous to opal— 
e.g. Eupleclella nspergUlmn, or Venus' flower basket. The organisms extract the 
silica from sea-water. The sponges were! gradually covered by accumulations of 
chalk, and tin' silica seems to have been dissolved by water percolating in the chalk, 
and redeposited in other parts of the limestone or chalk about other sponge spicules 
as irregular nodules of flint, or a* bands or veins of chert - originally the term “ flint ” 
referred to any particularly hard rock {Detit. 8. I.'); P.Kilm.r 114. 8). The plioto- 
graphs, Fig. 27 (and Fig. 70, l.Jl, 7), may be taken as evidence of the movement 
of water with silica in soln. in chalk and limestone rocks. A. M. Edwards observed 
that “ ^me shells in*diatomaceous earth dissolved in fresh spring water ” probably 
from the contained ammonia. • • 

Some parts of animals are almost free from silica, other parts contain appreciable 
amounts. EwC. F. von Gorup-Besanez found aj'preciable amounts in animal 
tissues, ffathers, etc. The ash of hen’s blood,is reported 22 to have 1-24 per cent, 
of silica; the ash of the feathers of flesh-eating and insect-eating birds, 27 per cent, 
of silica; fish-eaters, l()-6 per cent.; and grain-feeders, 40 per cent, of silica, 
H. Schulz found 0 ()826 per cent, silica in the ash of man’s flesh; and 0T484 in 
the ash of the skin. More silica occurs in the same tissues in youth tkaij in old 
age. ,1. E. Reynolds, arguing from several analogies between the behaviour of 
carbon and siljpon compounds, said that it may be possible for the plant to con- 
Btiuct from silicon compounds, ultimately dftived from the soil, something akin to 
silicon fnotojdasm for use in its structures. Similar observations apply to the 
power df sponges to extract silica from sea-water as a part of their normal food 
supply and use it in cell production. He added: 

AI! theories of life assume that its phenomena are inseparablpTiasociated with certain 
complex oombinations of the elements carbon, m'trogen, hydrogen, and o.xygen, with the 
occasional aid of sulphur and phosphorus. These are the elements of that protoplasm 
which is the phyaioal basis of life, and by their interplay they form the unstable 
complicated groupings of which that remarkable material is composed. All the phenom^ 
we call vital are associated with the change of sOrae protoplasm, and the oxii&tion of 
carbon and hydrogen. But it is quite open to question whether the connection of life 
with the elements first specified is inevitable. We can conceive Hie exisfence of similar 
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grouping of other analogous elements,* forming otlwr piotopla^pB capable of existing 
within much greater ranges of temp, tlian any plants or animals now known to^is have to 
withstand. For example, we can imaginda hieh temp, protoplasm ii»whi<*h silicon takra 
the placa of carbon, sulphur of oxygen, and {Miosphorus of nitrogen, either wholly or in 
port. In fact, protoplasm so far as we know it in purcMt form, always contains acsne 
sulghur, and often a little phosphorus, representing a very partial substitution of the kind 
in qu^tion. 

'rho spectra of the sun Snd of different stars show the presence of silicones 
The subject has been stifdied by J. N. Lickyer and co-workers, H. A. Rowland, 
J. Lunt, F. ,W. D^san, W. M. Mitchell, W. S. Adams, 0. Vogel and J. Wilsing, 
A. de Gramont, etc. G. Rosc^reported quartz in a meteorite from Xiquipulco; 
G. P. Merrill, in one from St. Mark’s, South Africa; H. Lasp^res, in one from 
TRluca (Mexico^; and E. Cohen, in one from BeaconsfieldfVictorte). N. S. Maskelyne 
reported asmanite (tridymitc) in a meteorite from Breitenbach. ^The occurrence 
of tridymite in meteorites has been discussed by €1. von? Rath, A. Weisbach, 
C. Winkler, G. Tschermak, E. Mallard, E. Cohen, H.Moissan, and N. H, Winchell. 
The occurrence of cristobalite was reposted by E. Cohen in the meteorite of 
Kendall Co., San Antonio, Texas. Aocordiug to H. Moissan, silicon carbide 
{momanile) has been found in meteorites. . 
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§ 3. The Preparation ol Silicon 

The silicon prepared by J. J. Berzelius about, 1B08, by heating a mixture of 
silica, carbon, and iron was really not silicon at all, but rather an iron silieide, 
or fi'rro-.silicon. H. Davy was not very Successful in his atteiujit to re)|uce silica 
by ('lectrolysis, or by potassium at a high temp. According to A. Dufour^ there 
an! signs that ijuartz is slightly reduced by hydrogen at high temp., but this reaction 
i,s not i)racticable as a means of pre,])aring silicon. The reaknetion of silica by carbon, 
at the temp, of the electric arc, is, howiever, a .satisfactory mod(! of preparation. 
Silicon appears to exist in two forms -amorphons and crystalline. According to 
K. Vigouronx, the ditference in the two forms is a ijuestion (i) of the degree of 
purity rather than allotropism ; and (ii) ol the state of subdivision, the grain of 
the so-ealleil amorphous form being much finer than the crystalline form. Purified 
amorpho\i9 silicon does not differ from crystalline silicon of the same degree of 
purity - /cars froprieten chimigties smt identigucs. P. Lebeau came to a similar 
conclusion. 

For a long time, on the strength of .f. ,T. Berzelius’ observations,! it was thought 
that there ari' two forma ol amorphous silicon, the one active amori>hous silicon— 
ror drill (lliilirii was called .nUroii-a, and the other ))assive amorphons silicon— 
iiiirl^driii (llulirii or silicon-^. The latter was obtameil by strongly heating the, 
former, and wa^shing the jiroduct with hydrolluoric acid. (i),The active form was 
combustible in air or oxygen,,the passive form w^ incombustible in these gases; 
(ii) the active form was insoluble in all acids excejitiig hydrofluoric acid, the 
passive form was insoluble even in hydrofluoric acid or in a mixture of hydrofluoric 
and nitric acids ; and (iii) the active form was soluble in an aq. soln. ol potassium 
hydroxide, the passive form was insoluble in that menstruum. J5. Vigouroux 
examined the products prejared according to J. J. Berzeliss’ directions, and con¬ 
cluded that the alleged modificiAioni?«c soul pas drs corps simples, but rathbrjmpurc 
forma of silicon ; and that the observed differences arc due to differences in the 
composition of the two forms. There are, however, differences of opinion because 
E. Wilke-Dorfurt showed that the amorphous silicon which is obtained by reducing 
silicon fluoride with sodium at a dull red heat reacts with sulphuric acid and hot 
water during the washing. The sulphuric acid is reduced with sulphur as one of 
the products. The yield of amorphous silicon by this process is'therefore very 
small. On the other hand, the grey powder of amorphous silicon, obtained ny 
treating with acids the metallic rcgulus, furnished when sodium fluosilicat^is fused 
with sodium and aluminium, is not very active chemically, but when heated with 
hydrofluoric acid, it forms a brown variety of amorphbus silicon which is very 
reactive, for it is vioffintly attacked by cone, nitric acid, forming a white substance, 
possibly a nitride, which evolves ammonia when heated with sodium hydroxide, 
l^iwn amorphous silicon is transformed into the less active form when heated. 
It these results be confirmed, it may be necessary to reintroduce J. J. Berzelius’ 
o- and^- amorphous silicons —vide Fig. 6. According to L. Cambi, the hydrolysis 
of black vitreous silicon sulphide, SiS, furnishes soluble silicik, and amorphous silicon. 
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which is a ijalerreddislvycllow than E. VigouriJux’ product. The sp, gr. is 2 08; and, 
after heating, its colour and properties approach those of B. Vigouroux’ amorphous 
silicon (mde. infra).' L. Camhi regards the different varieties of amorphous silicon 
as indefinite masses possessing different mol. structures. L. Baraduc-Muller 
observed peculiarities in the thermal expansion which he attributed to tjie 
appearance of an allotropic crystalline form of silicon stable between ,700^' and 
1025°—vide infra; and .1. Konigsberger and K. Schilling observed peculiarities 
in flic electric resistance (q.v.), which they attributed to the existence of three 
aljotropic forms of silicon. ^ 

H. 8t. C. Dcvilic 2 claimed to have made what he considefhd to be a graphitic 
form of silicon—siiicon—related fo the ordinary crystalline form 
much as graphite is pelated to the diamond. W. H. Miller, however, sGowed that 
both the black glistening hexagonal plates, and the dark steel-grey six-sided 
pyramids or nclidle-likc crystals of crystalline or adamantine silicon are really 
octahedral crystals belonging to the same system. H. Kopp did show that the 
sp. lit. of ordinary crystalline siKcon and of the graphitic form are different, and this 
cnnclusior: was confirmed by C. Winkler. *1)'. S. Hyde obtained silicon in graphitoidal 
lilate8«,by melting raw silicon, aluminiunf, and cryolite. By treating potassium 
flunsilicate with impure iduminium at a high temp., H, N. Warren claimed to have 
made oblique octahedral Crystals of silicon different from the ordinary crystalline, 
form. Til li)04, H. Moissan and F. Siemens found that molten silver dissolves 
silicon, which it rejects as the metal solidifies. This form of crystalline silicon is 
jjlMe pnrtly soluble in hydrofluoric acid, while the 
ordinary crystalline form is insoluble. The 
jfjy as amount of silicon soluble in the acid diminishes 
as the amount of silicon dissolved by the silver 
increases, and this is determined by the temp, 
of the molten silver as illustrated in Pig. 2. 
When there is only two per cent, of silicon in 
the silver, the silicon is nearly all soluble in the 
acid. The solubility in hydrofluoric, acid was 

—-— . .. . the only chemical difference observed between 

WO till, soluble and ordinary forms of crystalline 

M .7 /'I ^ silicon, i’. Lebcau noticed similar phenomena 

erptouisod from m' mn^iiver. “ ‘lissolvcd in molten copper; and 

tiKv preparation of crystalline syicon from a 
Bolii. of silicon in copper was investigated by W. Manchot and H. Funk. They 
examined the.products from 8(dn. of silicon in aluminium, silver, lead, and zinc, 
and concluded that quehching is the essential factor in producing the soluble form; 
that all crystallized silicon is slowly but eolnplelely dissolved by hydrofluoric 
acid; and that the brown variety which resists hydrofluoric acid is in a state 
of passivity acquired by the occlusion of hydrogen. 

The preparation of amorphous silicon. -Amorphous siheon has been made 
by reducing silicon halides or oxide with certain metals; by double decomposition 
of the silicides; and by electrolysis. J. b. Gay Lussac and L. J. Thdnard * reduced 
the vapour of alicon tetrafluoride by heated,potaasiura. W. Hempel and H. von 
Haasy jijed sodium as the reducing agent, at 400°-500°: SiF4-l-4Na=Sid-4NaF. 
The mass waS allowed to cool in the current of silicon tetrafluoride so that sodium 
fluosilicate, NajSiF,, wa8_formed; this was easily separated from the silicon by 
extraction with water. A. F. Holleman and H. J. Slijper found that if an excess 
of sodium fluoride be avoided, there is practically no formation of sfidiura fluosilicate. 
When boiled with water and dil. hydrochloric acid, the residue does not, however, 
consist of pure amorphous silicon, for only about 40 per cent, can be volatilized in 
a current of chlorine, the remainder consisting principally of silicon dioxide wWefi 
has been formed in the extraction of sodium flupride. H. St. C. Deville reduced 
the vapour of silicon tetrachloride with heated sodium, and added; . 
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The moel prolong^ washing ia not Efficient to remove all the impuritiea j end aa a 
reault the early chemiate who oooupied themaelvee' with thia queetion-^. L. Gay Luaeao 
and L. J. Th6nard, H. Davy, etc.-“were prevented from aeeing the true nature of silicon. 

A. F. HoIIeman and H. J. Slijpcr found that the product by this process contaiied 
lOper cent, of silica. In a boiling soln. of benzene, sodium scarcely has any action 
m sillbonitetracbloride. 

*J. J. Bfcrzelius also reduogd silicon tctrafluoride or tetrachloride with potaiijm, 
ind washed the producU first with cold and then with hot water. His product, 
ailed asilicon—vide^pra —was contaminated largely with hydrogen and carbon.; 
f purified b^ heating it in a cruci||lc at a red heat, and washing first with hydro- 
luorio 8cid,and then with wat?r, what he called ^silicon was abtained. He also 
ibtained silicon by heating a mixture of potassium and {gitassium fluosilicate 
lontained in an iron tube, and extracting the potassium fluoride by water; 
K2SiFj4-4K=6KF-t-Si. H. Buff and F. Wohler |)eated»s mixture of sodium 
luosibcate with sodium covered yjith sodium chloride and contained in a*fircclay 
irucible. B. Vigouroux, and W. Hempel pd H. vofi Haasy criticized the methods 
3f J. J. Berzelius, and H. Buff and F. Wohler. H. Moissan said that Hie use of 
alkali metals for the reduction is very liable to give an impure product, because 
the action is so energetic, and the heat generated during the reduction is so great, 
that the vessel in which the reaction occurs is much attackeS. H. N. Warren reduced 
silicon tetrafluorido with magnesium, aiili obtained amorphous silicon and mag¬ 
nesium silicide, but W. Hempel and H. von Haasy found the yield to be poor, and 
they observed a similar reaction between magnesium and silicon chloride. G. Kauter 
found that the reduction of silicon tetrachloride by beryllium in a sealed tube 
b incomplete at 270°-280°; and magnesium and zinc at 390°-400“ gave, only a 
little silicon after 64 67 hours’ action ; zinc-dust after 28 hours’ action at 280'’-^0° 

i ave. only a little silicon; better results were obtained with aluminium at 360°- 
70° after 71 hours’ action. F,. Lay found that molten sodium amide, NaNHj, 
artially reduces silicon tetrachloride. 

According to R. Bunsen and A. Matthiessen,'* sodium exerts a reducing action 
bn silicates, glass, porcelain, etc., even at 2(X)°, whilp calcium and strontium begin 
to ac* at a red heat. H. St. C. Devdle reduced a mixture of silica with calcspar 
and jiotassium earbonate by means of sodium, bul^the resulting silicon was very 
impure. T. L. I’hipson showed that magnesium reduces silica, and .1. Parkinson 
obtained silicon and magnesium silicate as products of tlfe reduction. L. Gatter- 
mann heated «rith a Bunsen’s burner a misture of quartz sand and magnesium 
contained in a test-tube, and found the main reaction corresponds with the 
equation: Si02-)-2Mg=2Mg0-|“Si. The reaction is accompanbd by vivid 
incandescence, and if precipitated sijica be used, there may be a slight explosion. 
If an excess of magnesium is employed, the product is mainly magnesium 
silicide. In any case, the. product which remains after washing with hydro- 
cWorie acid is not very pure; and C. Winkler claimed a purer product by 
reducing silica with magnesium silicide in presence, of an excess of silica, but, 
according to‘W. Hempel and H. von Haasy, the yield is very small. E. Vigouroux 
investigated the conditions necessary for preparing pure amorjihoua silicon 
by the reduction of silica with magnesium. If the exact amount of mag¬ 
nesium strictly necessary for the reduction be employed, the prodqpt is a 
mixtuTe of amorphous and fused silicon, and a small quantity of magbesium 
silicide. If an excess of silica be used to avoid the {ormation of magnesium 
silicide, it will be very difficult to remove all the silica from tbe product. If 
magnesia be added to Inoderato the violence of the reaction, amorphous silicon 
can be obtained in a high degree of purity. If the materials are imperfectly dried, 
thgrmaterials may be projected from tbe reaction vessel with explosive violence. 
H Vigouroux reconunendiMi the following procedure for making amorphous silicon; 

Clear transparent quartz is powdered and intunately mixed with magnesium powder 
in the proportiAis corresponding with SiOt-tZMg—Si-t-ZMgO, and with 25 per cent, of 
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DuriBed commercial maaneaia. Both the qnartz4and the ma^eeia should be swarately 
calcined to'drivo off the^noisture, otherwise a dangerous explosion may 
il precipitated silica bo used instead of quartz. 'A convenient charge 
is silica, ISOgrrns.; magnesium, U4 grms.; magnesia, 81 grins. The crucible and.contenta 

areiplacedinafumncoatabriglitredhoat. 

with vivid incmidescenoe. The crucible is then witWrawn from the “W 

to cool. The coiilents of the crucible are uniformly coloured maroon. The product is 
added to hydrochloric acid, and the insoluble residue washed by decantation. It is ttan 
treetod with hydroBuoric acid, and after the vigorous actiari hM subsided, heated to ITO 
llio clear liquid is decanted, and the residuo again treated w,ith hydrofluono ^id. the 
washed residue is then added in small portions at a time to sulpliunij acid contained in a 
idatiniiin dish; the mixture is heated for some hours to the b.^. of the .acid so as to 
convert the metal lluorides into sulphates. The <.)ld,.mnsa is washed mth hot water ; 
thou with oolic. hyd/ochloric acid, then with water, and liiially heated to rednesc in a current 
of hydrogen. The ptmluct contains iier cent, of amorphous silicon. If purihpd 

silica and magnesium lie employed, and the reduction lie iierfomied in a Bohemian glass 
tulle brusqued wl.h niaaiiesia, and traversed by a current of hydrogen, a still purer pro- 
duct can Isi obtained. Ife ohtl.ined llh'O Ittt'ti |ier cent, silicon in this way. 


15. Vigouroux fniiiiti liiiit jiulVcrizetl aliiinihiiiiii of commerce, washed free from 
fatty materials by ether aiul alcohol, can be used in place of magnesium. Ihe 
rcacUoD commences at about Hixr, ami corresponds with the equation : SSiO^d lAl 
‘iAljOj+SBi. The prtidiiet with aluminium is as pure as that with magnesium, 
but the yield is not so gthid. K. 15. Weston and H. R. Ellis also reduced silica with 
aluminium; A. liiirger, with ealeiiim; aliil E. Burgess, with the, carbon arc. 

Amorjihous silicon is deposited when a cold plate is held in the flame of burning 
silicuretteil hydrogen. Accoriling to V. Kolilschuttcr,^' silicon is separated when 
canal rays and disintegrateil aliiniinium impinge on glass. H. N. Warren passed 
sparks through silane, and obtained a de])03it of amorphous silicon on the walls 
of the containing vessel. A. Diifour, and II. Moissan and S. Smiles also obtained 
amorphous silicon by the decomposition of silicon hydrides; and 0. Rulf and 
C. Albert, by the decomposition of silicochloroform, SiHOlj, at SIX)'’, L. Cambi 
obtained amor|ihous silicon by the hydrolysis of silicon sulphide. According to 
W. HempcI and II. von Ilaasy, the silicon which separates during the. cooling of 
soln. with less than 20 per cent, of silicon in molten aliiininium, is in the amorjihous 
state. 11. N. Warren also oblaiiieil a sejiaration of amorphous silicon froni/crro- 
silicon ; and A. E. Jordan and T. Turner found no crystals of silicon were jiresent 
ill iron with less than 10 per cent, of silicon, and the graphite which separates from 
such iron also conlbinej no silicon. T. Naske said that silicon in excess of EcjSi 
separates when siliciferoiis iron is cooled. (}. J, E. dc Ohalmont obtained amorphous 
brown silicon by the action of sulphur on copper silicide at 2.50°-.‘100°. 

M. Junot,* claimed to have obtained amorphous silicon by the electrolysis of 
a pota8,sium cyanide soln. of sodium silicate^ but A. J. Balard could not confirm 
this. all. St. 0. Deville fouml that amorphous silicon separates at the negative 
electrode when a soln. of silica in a molten mixture of sodium and potassium 
fluorides is electrolyzed with carbon electrodes. F. X'llik obtained amorphous 
silicon by the electrolysis of a molten mixture of potassium fluosilicate and fluoride. 
According to G. Gore, a deposit of silicon is obtained when aq. soln. of alkali silicates 
are electrolyzed with copper electrodes. A. Minet electrolyzed a mixture of sodium 
ohlotidc, orydlitc, and aluminium, and olitained a silicon alloy which was not 
further jiivestigated. A. Gratzel von Griitz obtained a similar alloy. H. N. Warren 
eleotroiyzed'an alcoholic soln. of silicon tetrafliioride with a mercury cathode, and 
on evaporating the merqury from the amalgam, obtained amorphous silicon. 

The pieparatian ol crystallized silicon.—In 1854, H, St. C, Deville t acci¬ 
dentally prepared a lustrous mass of plates of silicon by eledtrolyzing a double 
ohlorido of aluminium and sodium which contained siliceous impurities. The 
aluminium was removed by hydrochloric acid. He said : 


This body possesses une inattfrabHiU encore plut grande; and has all tho chemical 
properties which J. J. Borzehus attributed to the residue obtained by tho incomplete 
oomhustion of ordinary silicon. Thus, in order to give an idea qf the indiSerenoe of the 
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wtion of the most enorgotic reagents, f may say that the new silicon has been heated 
white liot in a current of pure oxygen wi^iout changing in weight. * 

Ho also pointed out that tho electrolysis of all siliceous materials in fused alkali 
fluorides furnishes silicon, h. Wohler obtainetl a globule of aluminium by fusing 
sodii^ and cryolite in a firetflay’crucible, and when the aluminium was removed 
by acid, iTystalline silicon remained. The element is nearly always obtained in the 
crystalling form when a cMifound of silicon is reduced by magnesium, zinc, or 
aluminium in the presence of other metals; and, according to J. Kobbins, sifver 
and tin behave sintilyly. H. N. Warren obtained silicon crystals by melting silictpi 
with an aluminium alloy cont^iuifig 10 jier cent, of tin; and W. Hempel and 
H. von lluBsy said that silicon separates in the crystalline form from aluminium 
ctintaining ovel 20 per cent, silicon. E. Eggertz found crystals of silicon in many 
kinds of iron. 11. Ifanemann studied the formation of silicon when carboniferous 
iron is heated in contact with fireclay crucibles. Ji. Trodst amf P. Hautefeuille 
found that when amorphous silicon is fused and allowed to cool, crystalline silicon 
is formed. In H. St. (I. Deville and 11. (Ipron's process, potassium lluosilicate was 
reduced by sodium in the presence of zinc; and E. Wohler used a mixture of 
aluminium and potassium lluosilicate. In either case, the zinc or abiminium 
can he removed by treating the alloy with acids. E. Wdhjir’s process is as follows : 

A Jiuxturo of 125 grmu. of alutiiiiiium an^ 400 grrn.s. of potassium flxiosilicato, K|SiF|, 
i» lioafctl ill an irou cmeible. Tho roaction proceeds tranquilly. After half an hour’s 
ln'atmg to iiboiit MOO"’, the crucible is rornovcii ami allowed to cool. Tlio crucible is 
broken. 'I'ho niotallic button covoretl by a thin layer of scoria and weighing about 
110 grins, w dislodged from tho bottom of tho crucible. The button has a silvery colour, 
is very brittle, and lias a very crystalline texture. Tho button is digostetl in hydro- 
chhtric acid, and then boiled in nitric acid; it is finally treated with hydrofiuoric acid, 
wimlunl, and dru'd. About 6<l grins, of crystalline silicon are obtained. 

A. J. Kiescr analyzed a sample of silicon prepared by F. Wolder’s process, and 
ifound 71'81 per cent, of sibcon; 0'33 per cent, of silica; 2'51 per cent, of iron; 

I and per cent, of aliiminiuin. C. Winkler heated to redness for about 45 
'mins, a mixture of cryolite, powdered cpiartz, and aluminium powder, all coveted 
with^a lay<!r of sodium chloride. T. Scliecrer emjihasized the difficulty of removing 
aluminium from silicon |>reparcd in tins manner. L. Weiss and T. Engclhardt 
recommended ^t'diicing potassium fluosilicatc with ma8.sive*alumiuium, a better 
regiilus being obtained than wlien aluminium powder js u^id. The regulns is 
crushed and extracted successively with hydrochloric, cone, sulphuric, and hydro- 
Htioric acids. * The ])roduct, even after ropebted boiling in a state of fine powder 
witli liydrofluoric acid, contains 0’3-0’5 per cent. Fc, O'! per cent. Cii, and 0'72 jier 
cent. SiOj.. . • 

it. St. C. Deville obtained, finewneedles of silicon by heating alumiibum to 
redness in the vapour of sibcon chloride; when silicon fluoride was used, the jhoduct 
always contained aluminium fluoride. H. St. C. Deville found that if aluminium 
lie heated to a high temp, in contact with glass or ipiartz, the metal always retains 
some silicon. B. Vigouroux made sibcon by lieating quartz powder mixed with 
an excess of aluminium in a carbon crueihlc in an electric furnace, and obtained 
sibcon with a fine crystalline fracture. The reaction proceeds at a Jower temp, in 
the presence of a flux, and he prefefred a mixture of 120 grms. of aluminiuwi, 
30 grms. of quartz, and 220 grms. of potassium fluosilicatc. A. J. JCiesar-used a 
similar process, aud obtained sibcon with 0'1887 per cent, of alumina. K. A.'KUhne 
used the thermite process with a mixture of 360 parts of sibca, and 400 parts of 
aluminium; he. also a mixture of sibca, 36 parts; aluminium, 40 [farts; and 
sulphur, 50 parts in a fireclay crucible. A. F. Holleman and H. J. Slijper used a 
modification of this process. 0. P. Watte recommended using cryolite or felspar 
IIS a flux; K. Uriippel, a basic aluminium silicate. W. 6. Mixter recommended 
purifying the silicon by recrystalbzation from molten aluminium and subsequent 
treatment with hydrofluoric acid, potassium pyrosulphate, and hot purified sulphuric 
acid. • 
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B. H..and A. H. Cowles and C. F. Mabrny * made silicon alloys by reducing 
silica with carbon in the electric furnace, and H. Moissan made crystalline silicon 
by reducing silica in a similar way. H. Moissan said : 

When an intimate mixture of carhon and powdeitd rock crystal is heated in a carhon 
cylindeir cloned at one end in an electric furnace, the orifice of the tube is soon covered with 
Huow-like Hakes of silica; lower down are found beautiful crystals of silicon carbHe; 
loM^r stdl are rinKS of l^rilliant black crystals interspersed Vith globules* which' have been 
fused. Neither the crystals nor the globules are attacked liy a mixture of nitric and 
hydrofluoric at-ids. 'J'hey inflame in fluorine gas forming silicon fluoride. Some of the 
crystals lescuible those obtained by the soln. of silicon in molterf zinc. 'Rie crystalline 
dust which colknits in the tulw contains 28-30 per ceftt. (K crystalline silicon. 

A • 

K. Grdppt'l obtained silicon by heating aluminium silicates, silica,' and carbon in 
the electric arc ^furnace. The final slag had the composition Si 02 + 6 - 7 Al 203 . 
About 3 per cent, of cfyolitc tenders the slag sufficiently fluid. 0. P. Watts found 
that sodium silicate gives hotter results as a source of silicoi\ than does silica, glass, 
or calcium silicate; he also obtained silicon by re.dueing silica or silicates with 
silicon cUthide. The reduction of silica by carbon or silicon carbide in the electric 
furnace has bccui discussed by 6. J. L. dc (ihalmot, R. Scheid, P. J. Tone, etc. 
J. Konigsberger and K‘ Schilling electrolyzed silica with carbon electrodes at 
about 3()00''. and the product contained O'l per cent, of silica, and less than O'Ol 
per cent, of carbon. ' 

A. Lampen found that carborundum breaks up into silicon and graphite between 
2200“ and 22'10°; and W. R. Hodgkinson and F. K, Lowndes, that if a platinum 
wire be heated white hot in thoroughly dried silicon tetrafluoridc, crystalline silicon 
is formed. J. N. Pring and W. Fielding also obtained small bard crystals when a 
silicon tetrachloride in the presence of hydrogen is decomposed by a carbon rod 
heated electrically to about 1700°. Some silicon carbide is formed at the same 
time; at 1925", the whole of the deposit was silicon carbide. 

E. W. von Siemens ami J. G. Halske * found that silicon films or silicon-mirrors 
could be obtained by placing the surface to be plated in a uniformly heated pipe 
above the temp, of decomposition of silicon hydride, and passed through the system 
a current of that gas mixed with hydrogen. Tlie mirror so produced is uswl in 
work with ultra-violet rays. , 

H. Kuzel w prepared colloidal silicon suspended in water or other liquid, and 
the process was also' used for colloids of elements of high m.p, such as chromium, 
manganese, molybdenum, ntanium,' tungsten, vanadium, tantalam, niobium, 
titanium, boron, thorium, zirconium, platinum, osmium, and iridium. The 
clement is first brought to a fine state of division by grinding and sifting, or 
by oatlio,dic disintegration, and is then converted int.o the colloidal state by repeated 
altcriitte treatments for long periods with dil. acid soln. and dil. alkaline or neutral 
Bolii. under the influence of moderate heat and violent agitation. After each 
treatment the material is washed with distilled water, or other solvent until com¬ 
pletely free from the reagent employed. H. Kugel also showed that gels pf these 
elements are peptonized—or reconverted into colloidal soln.—by digestion with 
ammonia .or a^nes or with very dil. soln. of alkali hydroxides or carbonates. The 
p^tonized soln. have a powerful agglomerating action on powdered metals. 

According to F. Linuner,!* the amorphous silicon of commerce contains 
20-66 fer cent, of crystalline sibcon, 2-12 pet cent, of silica. B, Neumann 
found commercial silicon, prepared in the electric furnace contained 70- 97 5 per 
cent, of silicon; and a minimum of 2-5 per cent, impurities—p l-^'5 pet cent, 
iron; 0T4-O’70 per cent, aluminium as metal or carbide; O'22-l 40 pet cent, 
of calcium; and I'9-24'0 per cent, of insoluble matters, chiefly ferrosilicon, silica, 
and silicon carbide. P. F. Spiebnann repotted that commercial graphitic silic*.” 
contained: 

SlllooQ Iroa Atumintam Silica Atumloa 

93-91 2-76 0-41 2-66 0-46 {wr cent 
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The preparation of siKcon of a high degree of purity baa not been^aucceaafui, 
and in many cases where the properties have been determined, the (undetermined) 
degree •of purity has been very low. It is therefore probable that statements of 
some of the properties of silicon fiW be found erroneous, though they may be right 
fol tje impure element. Contradictory statements also appear. 
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§ 4. The Physical Properties of Sihcon 

According to J. J. Bcrzclio.s,i tlie colour of the 8o-calied amorphous silicon is 
dark brown, and the. tint is darker after calcination than before. Crystalline silicon 
ert masse is dark stechgrey, with a reddish tinge in reflected light. Small crystals 
are often transparent and light orange in colour. When it occurs in almost black 
six-sided plate,8 with a metallic ■lustre re,semhling graphite, it is called graphilaidal 
sttKon; F. S. Hyde said that the crystals appear to bo incomplete octahedra. 
The adumunlinc. ,silico)i appears-in steel-grey needle-like crystals, or in hexagonal 
prisms; when prepared l|y the zinc process, silicon seems to favour the octahedral 
habit, and when made by the aluminium process, the crystals are lamellar. The 
habit is ))rohubly largely aifccted by thi rate, of cool¬ 
ing. 11. de Senarmont found that the tabular and 
acicular crystals prepared by H. St. C. Deville were 
, octahedral and sametimes arranged in series (Fig. 3); 
and often with truncated and trihedral apice-s. 
According to \V. 11. Miller, both the graphitoidal and 
adamantine crystals are octahedral. They belong to 
the cubio system. According to 1’. Groth, rhe frystala 
of silicon and carbon are not hsomorphous. Although 
carbon ami silkmn unite to form a carbide, they do not to mixed crystals, and 
silfton carbide Itself is dissimilar in orystalliife form from either of its components. 
Carbon t^raiqjlide ami silicon tetraiodide crystallize in the cubic system, but further 
information as to the isomorphism of the two compounds is lacking. As 6. Jerusalem 
has emphasized, no instance is on record in which silicon replaces carbon without a 
profound modification of the crystalline form, IsomorpbUih might be expected 
between the metal carbonates and metasilicates, but none has been observed— 
e.g. lithium carbonate, LiCOa, is monoclinic, lithium metasilicate, LiSiOs, is rhombo- 
hedral; nor has any ismorphism been observed between the carbonates a^ 
metasilicates or metatitanates of the bivalent metals—CaSiOj, (Mg,0a)SiOs, 
MgSlOy, MnSi 03 , MgTiOj, MnTlOg, and FeTiOj. According to J. Konigsberger, 
the crystals of silicon may be isomorphous with those of tita'nium and zirconium. 
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According to A. W. Hull, P. Debye and T. Scheerer, W*. Oerlach, K. 0. Bain, 
W. L. Bragg, L. W. McKechan, aiid’H. Kiistiicr and H. Bemy, the space-lattice 
deduc<!d from the X-radiograms is identical with that of the diamond. There 
arc two internicshed face-centrgd lattices, one being displaced with reference to 
tlie#ther along a cube-diagonal, a distance of one-fourth the length of the diagonal. 
Tjic sid^of the cube is 5’42 A. to 5 43 A., compared with 3 56 A. for the diamond, 
and the distance between Adjacent atoms is 2*35 A. compared with 154 A. foi*the 
diamond. There are 8*atoms per unit cube. R. N. Pease calculated 1‘17 A. for 
the atomic, radii of»the atoms in silicon ; and W. Ij. Bragg, and M. L, Huggtfts. 
V17 A. A. L. Norbury studied the at. vol. of silicon in alloys. P. Debye found 
no diflereticc jn the X-radiograms of amorphous and crystalflne silicon, siiowing 
^hat the two forms are structurally the same. M. L. Huggilis, L. A. Turner, and 
H. f’ollins discussed the electronic structure of the 8ilic(^i moUcule—vi’dc silica. 
If. iMoissan and F. Siemens' soluble silica forms yellow translucent plates ratlier 
darker in colour than ordinar}^ crystalline silica. H. N. Warren's form was 
octahedral like ordinary crystalline silicfc. According to 0. Winkler, the crystals 
arc V(‘ry hard ; they scratch glass but not to])az. J. R. Rydberg places their 
liardness at about 7 when that of the diamond is 10. 

F. Wohler gave 2'490-2-493 for the specific gravity of graphitoidal silicon 
at i0°; A. Hartnening gave 2'493C. Winkler, 2’004-2’197 for specimens 
obtained from molten zinc ; W. H. Miller, 2 337 ; H. St. 0. Dcvillc, 2‘493 ; and 
K. Honda, 2*399. L. Playfair gave 2*48 as the mean of six determinations of the 
sp. gr. of adamantine silicon. L. Weiss an<l T. Engelhardt obtained 2*3013 at 19° 
us the mean of five determinations of a sample with 1*58 j»er cent, aluminium, and 
97*46 per cent, silicon ; and 2*3454 at 19° as the mean of six determinations for 
samj)Ie8 of silicon with rather less ulnminium. Thes]). gr. of a8am}>lc of amorphous 
silicon made by K. Vigouronx’ process was 2*35 at 15°, ajid that of the crystalline 
form a little smaller. L. (Iambi gave 2 08 for tlie sp. gr. of a sample of the amorphous 
element made by the hydrolysis of silicon sulphide. The different amorphous 
forms, .said he, are not clearly-defined allotropes. H. Moissan and F. Siemens gave 
2'3U-2*42 for the .sp. gr. of crystalline silicoi? sohihle in liydrofluoric acid. 
P. F. .Sj)ielmann gave 1 *90 for the sp. gr. of commercial silicon. The atomic volume 
of silicon i.s 11^4, if the sp. gr. be taken as 2*42. T. W. Ricliards foniul the mean 
(hangc of vol. jier ()'987 atm. ])ress. between 98*7 and 5tX98^ atm. ])res8. is 0*16. 
(’. A. Edwards found the hardness of silicon on Brinell’s scale to be 240; and 
C. A. Edwards and A. M. Herbert gave 89*^for the plasticity number when that 
of platinum is 116. The co'^fT. of compressibility is 0*32 at 20° between 
BX) and 500 megabars when the compressibility of mercury fs 3*95 X10' ^ 
E. Grtineisen showed that if cr be Ae coefl. of linear expansion; v the!*vol. of a 
gram-atom: and the coelT. of comj)rc.ssibility, then ac/jS is nearly constant 
for most of tlie metals, and for silicon. J. H. Hildebrand and co-workers calculated 
relative values for the internal pressure of silicon and other elements. 

According to H. Fizcau,^ thcco(df. of thermal expansion is a--0 (K)00()763 per 
degn-e at 40°, and 0'(KXXK)780 at 50°. This makes the coeif. of cubical expansion 

0(K)0()23. According to h. Baraduc-Mulier, the mean valwi of'the coeff. 
between 15° and ]0tX)° is a*- 0*0000(^68; it is fairly constant between 200° fnd 
700°; it increases rapidly to 805°, decreases to its original value gt 83ij°, again 
increaces slightly to 900° and then becomes small and negative at 970°; it increases 
and becomes positive at 1000°, and increases slightly up to 1055°. The value of 
rfa/d(x 104 from 607'^7«)° is 5*05; 700°-805°, 10*47 ; 805°-835°, 4*30; 835°-900°, 
2-.30; 900°-970°, -0*85; 970°-1000°, 2*66; 1000°-1025°, 2*80; 1025°-1055°, 
^31. S. Valentiner and J. Wallot found that the coeff. of expansion decreases 
•^th a falling temp., becomes zero at —157°, and is negative at liquid air temp. 
H. V. ftegnault * obtained numbers for the specific heat of crystalline silicon 
varying fron^01673 to 0*1784 ; and for that of fused silicon, from 0*1557 to 0*1750 
between about 12° Aid 100°. H. Kopp gave 0^*165 for the sp. ht. of crystalline 
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andO'lTUe at- 27°. (^. Furcli and P. Nordmeycr found*Hie sp. ht. to increase with 
rise of tem|i. Tims: ^ 

* -1S4" -3907“ 43-13“ 71-07” 10009“ * 212“ ' 262-03" 

Sp. ht. . 0-0870 0-1300 0-1097 0-18#3 i 0-1901 0-2011 _ 0-2029 

P. Nordmeycr and •A. L. Bernoulli gave 0-1234 between —1B5° and 20^ 
H. BchimpfT re])r^ 8 ented the .sp. ht., c, of 99-2 per cent, silicon at the temp. 6°, by 
c= 0-l«5428(d- 17) I O-(1;,l08431O(d-17)2-0-O83742(S-17)3; he gave 0-1597 for 
the true.’s]i. lit. at 0°, and 4-f)4 for the atomic heat at 0°. 11. P. Weber gave 5-75 
for the at. ht. at 100°. The deviation of,the at. ht. from Dulong and Petit’s law 
has been (ftseiisaed 1. 13, l'2. The at. hts. computed from the results of W. Nernst 
and P? Schwers below ■ 183-2°; II. Schimpff, between —150° and 0°; and by 
H. P. Weber between 2lJ)°, and 232-4° are as follows—the temp, being taken on 
the absolute scale: ^ 

-20-r 337” 53'7" 8«'8“ 173” 273“ 323“ 369” 606-4“ 

At. ht. . . 0-031 0-152 0-548 1-524 3-21 4-54 4-90 5 38 6-74 

The results are plotted in Pig. 3 in connection with carborundum. The at. ht. 
was also considered by P’. Michaud, and K. van Aubcl. A. Magnus represented 
the thermal capacity of silicon between 0° and d° by Q=~ 0 - 1723 d-|- 6 - 40 xl 0“^92 
2-575 X 10 " *fl3, p;, I), plastnian gave for the entropy of silicon 5-7 cals, per 

degree at 25°; and G. N. Lewis and co-workers, 4-7 cals, per degree. The thermal 
conductivity, 0-20 cal. per cm. per second per degree, was measured by 

J. Kiinigsberger and J. Weiss. 

According to C. Winkler,! ijlicoii can be heated to redness without changing 
its 8 ]i. gr., or losing jierceptibly in weight. Both H. N. Warren, and P'. S. Kyde 
said that graphitic silicon is iiifpsible before the blowpipe. C. M. Bespretz melted 
this element, but bis ohservalions were made with the impure product obtained 
by the earlier workers. *H. St. C. Deville said that it can be melted in a good 
wind furnace—/cii ilc vent— and he esKmated 1 hat its melting point lies between 
m.p. of cast iron and steel—say between 1400° and 1,500°—and he showed that the 
molten element can be cast without perceptible oxidation. 11, Moissan found that 
silicon can be readily melted in the electric furijacc, pnd that the molten element is 
bluish wr steel-grey, H. Moissan and F. Siemens said that the ni.p. is near 1500°. 
T. W. litchards gave 1400° for the m.p. G. Arrivant gave 1415°; K. Vogel, 1408°; 
W. Frankel, 1412°; H. Giebelhausen, 1425°; K. S. Williams, 1414°; W. R. Mott, 
143t)°; P. Diirinckel, 1458°; W. Gucrtler and G, Tamniann, 1425°; and 

K. Lowkonja, 1443”. According to W. Priinkel, molten silicon, like bismuth, 
expands o« solidification. 

«P. Schlitzenberger and A. Colson stated* that the volatility of silicon is not 
appreciable in the blast furnace, but they found that platinum-foil heated to a 
roddish-whito* heat amidst a mass of lampblaek contained silicon which pre¬ 
sumably was carried as vapour through the lampblack from the crucible. 
H. Moissan believes that the conclusion is a non sequitur, f«r the vap. of silicon 
would have been arrested by the carbon. L. Troost and P.'Hautefeuille said that 
silicon appc^irs to be volatile when melted in a stream of hydrogen carrying some 
silicon tetrafluoridc or tetrachloride. This apparent volatilization is attributad, 
to the formation of lower chlorides or fluorides which are stable at a lovg temp, 
and at a red heat, but undergo dissociation at intermediate temp. The reaction 
was discussed by P. Duhem —vide hexachlorodisilane. A* Ditte 'showed that 


■/' rt./M/brfnWsffcofl OM for mMtoiddisilicon, aBdO-2Uformoipbom 
siltcoB ’ jj jf jyi/mve O'J 964 for the sp. ht. of ciystaJ/inc 

m 4 

for ’grey inicrocrystalline silicon between 0 apd 99 . T. W. Eicfiarus and 
F. G. Jackson obtained 0-118 between -188° and 20°; A. S. Bussell obt^nfcd 
n-fi8fil -.1.35° for crvstallinc silicon, and for amorphous silicon, 0-0913 at —13^ , 
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selenium and tellurium hydrides exhibit a similar phenomAon; C. W.*Hasenhach 
also observed a similar effect with nttrogen trioxide; and H. Debray and A. Joly, 
with BJthenium oxide. P. Hautefeuille and A. Perrey found that when the^vap. 
of aluminium chloride is passe^i over aluminium heated at 440° in a glass tube, 
a* deposit is formed of an amorphous substance, which consists mainly of silicon 
ipixcd i^ith small quantities of iron and aluminium. It would seem, therefore, 
that aluminium is retaineS by silicon heated at 1300°, but is given up'when the 
metal is heated at a tenlp. much below its softening point. C. Friedel also observed 
that silicon is volatilized in the electric arc between silicon poles— vide iron silieiJes. 
A. Dufour noted that the pasaagt of an electric discharge through a vacuum tube 
filled with silicon hydride immediately causes a deposit of anforphous silicon; if, 
“however, the current is continued for about an hour, the original deposit of silicon 
gradually disappears and is re-formed in the dark space r^und tdie cathode. The 
final deposit is always formed in the dark space, efren if other parts of^the tube 
are cooled to 8U°; hence the phinomenon cannotjre due to the distillation of the 
silicon from the hot regions to the coldiar. The facts can only be explryucd satis- 
torily by supposing the silicon to recombine with the hydrogen present to form 
silicon hydride, which is decomposed in the dark space Jiy the impact of the cor¬ 
puscles, emitted from the cathode. H, Moissau found tliat silicon can be distilled 
in the electric arc furnace, and that tlje vap. condenses as small globules in the 
cold part of the tube ; E. Vigouroux observed that the vapour condensed in the 
form of lamellar crystals. W. U. Mott gave 1800° for the boiling point ; and 
E. Tiedc and E. Birnbrauer, 1350°. According to H. von Wartenberg, the vap. 
is polyatomic, and the latent heat ot vaporization of silicon is —44,000 cals, per 
gram-atom for temp, uj) to 1315°. The cone, of silicon vap, over crystalline 
silicon when the partial press, of hydrogen is one atm. is 1 OSX10“^ at 1205°,and 
3 (X)x 10~3 at 1315°. J. J. van Laar calculated 4920° for the critical temperature ; 
and 1450 atm. for the critical pressure. Assuming that the allotropic change 
from amorphous to crystalline silicon is a real phenomenon, E. Troost and 
1’. Hautcfemllc state that the heat of transition : Sianiorpiiom-> Sicry«iauino-I-8'059 
Cals., but II. von Warknberg believes this value to-be much too high, and estimates 
thaf the heat of transition is less than 2 Cals. The heat of combustion of 
amorphous aili?ou was found by 11. von Wartenbetg to be 1 §5 Cals.; M. Berthelot 
gave 184-5 Cals., andW. G. Mixter, Si+Os—SiOa-flSlIlals^ 

H. von Wartenberg ■> gave 3-87 for the refractive index, /r, of silicon ; and for 
the absorptiSn cooff., /ik=0-47. J. H. Gladstone, A. Haagen, A. Schrauf, and 
J. Kannonikoff computed the refraction equivalent- -the product of the at. wt,, 
and (p—1)D, where D is the sp. gr.—and found values vacying from 6'0 to 11-25, 
showing, as G. Abati emphasized, that the refraction eq. depends on the cobstitution 
of the compound in which the element occurs. 

A. Schrauf, and A. Haagen found that the 
molecular rotatory power, calculated from 
that oi quartz, is 0-27. H. von Wartenberg £ jo 
gave 36-7 per cent, for the reflecting power 
of silicon; and W. W. Coblentz found that 

the reflecting power of polished Silicon is . . _ 

greatest for light rays in the blue part of the p,o, 4,_Reaocting IVwer of Silicon, 
spectn-m, and falls away rapidly towards the 

ultra-red. The curves for the percentage amount -of light of wave-length 
A (p=0-001 mmj, reflected from two samples of polished commercial siUcon, are 
illustrated in Fig. 4. The curves remained horizontal as far as they were examined, 
viz. to A=10/x. E. P. Lewis and A. C. Hardy found the reflective power of silicon 
fdf rays below fl=1860 to be 25-44 (rock salt, 8-9); I. C. Gardner also measured 
the reflection coeff. of the extreme ultra-violet rays. 

The spectrum of silicon has not yet been made clear. The lines are very 
numerous, an3 they ifccur principally in the ultn^-violet. Different bands and lines 
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are obtaiiKwl under diHereiit conditions, and it is not always clear which are 
due to silicon and which to conijtounds of silicon with oxygen, hydrogen, or the 
hah^n-ns. J. Pliickcr" obtained the spark spectrum by passing the dectric 
discharge through silicon tetraidiioride in a vacuiyu tube, and other observations 
on tJie line 8[)ectruin have been made by (r. KirchhofF, J. M. Seguin, A. Mitsohd*- 
lich, h. Troost ami I*. Hautefeuille, G. Salet, A. del Gampo and co;Workeji'j, 
H. A. Bftwver and K. K. I’aton, G. Ciamician, H. A.*Kowland, J. M. Eder and 
K. Valeuta, E. Demar<;ay, J. N. Lockyer and co-workers, A. de Gramont, J. Lunt, 
W! N. Hartley, K. von Wesendohck, J. Hartmann, F. Exn«r and E- Haschek, 
E. B, Frost and J. A. Brown, W. Crookes, G. 8tt%d,fA. Kagenbach and H. Konen, 
W. M. Mitclndl, A.* Dufour, J. H. Pollok and A. G, G. Leonard, F. W. Dyson, 
W. S. Adams, C. Falfry and H. Buisson, E. Goldstein, C. Porlezza, etc. G. Salef 
gave for tlie most promjnent linos in the visible spectrum : H566, 0341, 5981, 5960, 
and 5948 in the urango-yellow ? 5772 in the yellow; 5708 and 5646 in the yellowish- 
green ; liOO? and 5041 iu th(i g*een ; ami 4131, #126, and 4103 in the violetr-uide 
Fig. 5. ^In tlie ultra-violet tlie chief linos, according to C. Porlezza, and 
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Km. 5. *Spttrk Spectrum of Silicon. 

J. C. McLennan and E. Edwards, arc 2881'7.3, 2528'60, ami 251(r26. The flame 
spectrum of silicon in the o.xyhydrogcn flame was found by W. Huggins to be 
continuous. C. Salct oliservcd some bands in tlie siiectruin of tlie hydrogen flame 
charged witli .silicon lialides. The cliicf linns in the spectra of silicon chloride, 
hninnilc, and iodide are tlie same. The flame spectrum has also been studied by 
A. lie tiramont and (1. de Watteville. Tlie arc spectrum iias been observed by 
J. Hartmann and (i. Elieriiard, (i. Torlczza, E. Exner and E. Hascliek, etc. The 
most intense lines in the ultra-wiolot are spectrum arc, according to 0. I’orletza, 
and .1, U. Melnmnan and E. Edwards, 31Kt5'70, 2881'70, 2528’CO, 2521'22, 2516'20, 
and 2507 01. G. D. InVeing and rf. Dewar, W. N. Hartley, E. Exner atidE. Haschek, 
J. 0. McLennan and,ro-ttjirkera, R. A. Millikan and 1. S. Bowen, etc., studied the 
ultra-violet spectrum. .1 . N, Lockyer slmwed that successive s|)cctra are developed 
by silicon as the energy of excitation i.'finoreascd. M'liat he called Si'*corrcsponded 
witli flic arc spectrum; Si" with the spark spectrum which is associated with some 
doublets; Bi'^is assoeisted with some triplets; and S" is associated with a pair 
of lines in the violet. A. Eowler, m 1014, shvwed.that the enhanced lines of the 
alkalinlt eurtli metals furni.slu'd series similar to the arc lines except tliat the series 
constant was four times its normal value. According to the electron theory, tliis 
means that the enhanced lines are produced by atoms which have lost one electron, 
and hence it was inferred tliat atoms which have lost one electron will gi\ e series 
with 4iV in place of the normal Rydberg’s constant N. This is the case with the 
series in the spark spectrum of silicon which lias the constant 4JV corresponding 
with Si't. The triplets in series 111 seem to be flhsociated with Si+ +,aud the I V-silicon 
series h^»a constant of 16 A’, winch is taken to indicate the existence of radiating 
stoma which have lost three electrons, Si''The regularities iu the band spectrum 
were studied by C. Porlezza, W. .Tevona, H. Dcslaudres, R. B. Lindsay, and 
W. jevona. A. de Grsmouut diacuaaed the senaitiveneaa of ^tke spectrum of silicon 
in atcels. W. J. Humphreys studied the effect of pressure on the spectrum of 
silicon ; and J. Chautard, A. Cotton, 6. Gcrndt, H. M. Reese, P. Zonta, A. Dufour, 
etc., the effect of a nuujndk Jield. The sensitiveness of the silicon spectrum fwt 
analytical work has been investigated by A. de Gramont. The sensitiveness with 
Boln. of water-glass is such that with a dilution of 1:10,000, six silicon lines between 

■2578-60 and 2607-01 and the lines 288170 can be detected. • • 

« 
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F. Haber ^ computed the vibnftion frequency of ailit^n for the red ray to be 
13-57 X1 012 , and for the -violet ray, 3*Q;& X lOi®. J. E. 1*. Wagstaff gave y^-9-6 x lOi*. 
E. H. Kurth examined the X-rays from silicon. J. C. McLennan and M. L. Clark 
gave 149 5 for the critical voltage of the L-series of X-rays from silicon; •and 
\ E. Lindh studied the A'-seri^s. J. Ewles found the minimum voltage for the 
cxcftatipn of the whitish-yellow cathodoluminescence of amorphous silicon to be 
K5fX), and for the red cathodoluminescence of crystalline silicon 24(X). H. S. RoJ)ert8 
an<l L. S. Adams studic^l the crystal of silicon as a radio-detector. 

J. J. Berz(di 4 i 8 * said that “ amorphous silicon does not conduct electricity, 
but this property cjflmot be regarded as being at variance with the supposed metallic 
nature of^silicon, for this clAient has hitherto been obtained only in a state of 
^ninute subdivision, and finely divided iron, obtained by igpiting ferrous oxalate, 
is likewise noii eonducting.” H. St. C. Deville said that the elec^cal conductivity 
of crystalline silicon is like that of graphite. A. Hec(fuerel said that fused or 
crystalline silicon is a very }K>or c^mductor, and in consecpiencc it becoines^iot when 
conilucting a current. F. le Roy utilised this })1-operty to make an eh'ctrically 
heated furnace with agglonuTated rods of silicon as the resistance m(‘()tum. The 
electrical resistance of a rod 10 sq. mm. in cross-section and 10 cms. l(»Jg was 
2(X)xl0® micro-ohms under conditions where a similar lod of carbon had a resist- 
aiK'o of 150x10'* micro-ohms, and a similar rod of tuncel-brass had a resistance 
850 niicro-olniis. The temp. coelT. of th^ resistance is negative, ajul it is 40 j)er cent, 
less at 800’ than it is at O'". F. Streitz attributed tlie negative temp, coeff. of the 
resistance of silicon to the )>rc8cnco of 
minute cavities which close as the temp, 
rises. According to .1. Konigsberger 
and K. Schilling, tlic absolute electrical 
resistance per c.c falls from 0'‘290 at 
to 0-0385 at 217 ’ (Fig. fi); it 
then abruptly rises toO-lG2, and falls 
to 0-85 at 4.35'^; and again rises 
al)ruiitly to OKU), and falls to tH)22 at 
83\. It is assumed tliat the^e (diang< s 
eorresj)ond wi^h 1h<‘ conversion of what 
they call a’Sihron to ^-silicon between 
210’ and 217 ’; and with the eonver- 
sioi\ of )3-sil,ie<ui to y-silkon between 
4X5'’ and 440’. Both changes are 
reversible. The electrical conductivity of silicon is thus an exception to the 
general rule that the modification most stable at the higlier temp, has t^e smallest 
oleeirical resistance. F. Fischer and E. Baerwind fouml the sp. gr., and tho^hermo- 
electric jwwer of the sujjposcd modifications are !nde])endent of the rate of cooling 
and are not, therefore, likely to belong to allotr<j})e8. The negative variety can 
bt* converted into the positive form by fusion in a vacuum cathode furnace, and it is 
not therefore an effect of aluminium. The negative variety is supposed to be a solid 
soln, of a small quantity of the oxide in silicon. J. Konigsberger and J.^Weiss gave 
12-5xl0~® ohms for the sp. resistaiu'c of silicon at 3(F. E. Thomson made 8#mc 
observations on this subject. K. Hojendahl examined the theory of the conductivity 
of silicon based on the electronic theory. P. W. Bridgnran found the resfetance of 
silicon decreases under press., but the press, coeff. becon\es less the higher the pre.88. 
At 0°, the total deejease under a press, of 12,000 kgrms. i)er sq. cm. was 14 0 per 
cent., and at 52“^, 15-8 per cent.; another sample gave lO’! per cent, at 0® and 15'3 
per cent, at 95'^. The average te,mp. coeff. of one sample was -1-0'000117 between 
and 52^; and of another -f0-000f)615 between 0® and 95'\ The temp, coeff. 
*is much more susceptible to impurities than the press, coeff. He estimates that 
for pure silicon the press, coeff. of the resistance will be of the order —0-000012 
when the prens. is ej^ressed in kgrms. per sq. cm. This coeff. is high, being nearly 
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the same as that ol load. The use of silicon is a crystal detector in wireless tele¬ 
phony —vitle carborundum, 5. 39, 18, has been discussed by R. C. Hartsough,® 
L. S. McDowell and P. G. Wick, and F. Fischer and E. Baerwind. 

A. Iljcff I® found the Thomson effect at 0° and 100° to be negative; J. Kbnigs- 
berger and J. Weiss found the thermoelectric Icffce of silicon against copper fo 
be 478 X KM volt per degree. C. Benedicks found for copper against silicon 
608 microvolts, the largest value so far discovered. For F. 6. Wick’s obsCrvatiofis 
on the silicon-lead couple, vide lead. The General Electric Co. patented the 
CurSi thermocouple for pyromotric work; it gave 415 microvolta per degree. 
F. Fischer and co-workers found that some spjjcimcns of silicon are 'positive to 
copper, and others *s strongly negative, and a thermocouple composed pf the two 
varieties may have aj^hermoelcctromotive force as high as 820 microvolte per 1°. 
The two varieties do not differ characteristically in electrical conductivity; but 
the difference is due W, the presence of silica. Melting silicon in contact with 
magnesiig lime, or alumina renders it positive,, silica being removed. On the 
other hand, melting .silicon so 'that a pgrt of it burns and the oxide thus formed 
dissolves,' renders it negative. .According to K. Honda, the sp. magnetic 
susceptibility at 18° is —0T23xl0~® mass unite for a sample of crystalline silicon 
containing 0200 per centj^ of iron as impurity; and -0143x10^ for a sample 
with 0’085 per cent, of iron. Those constants wor(! not affected by variations of 
temp. S. Meyer gave -|-O'01Xl0-« at 10’,nnd for another sample •fO-2xl0r-6. 
A. Duvillier, and 1). (tihrora studied the relation between the magnetic properties 
and the electronic structure of the silicon atom. 
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§ 6. The Chemical Properties o! Silicon 

Silicon, carbon, and boron form a .small stoui) of rdements which exhibit 
allotro|iism, prcaninably owing to liigli mol. comi>lexity. Thi,s is evident by the low 
volatility of tliesc elements even at liigh temp., and by tljeir low chemical activity 
towards reagents generally. Silicon is feelily electronegative, and has a greater 
tendinicy to form eninpoimds witli the non-metals tlian with the metals. Silicon 
lies next to earlnni in tlie tonrili gron|) of elements in tlic jioriodic tahlo, hut tln^ 
rolationsliip tn earlion is no|. very close. Silicon Iwliavcs as a (inadrivalent’ele.iiiont, 
altliongh there are a k'w case.s iji wldcli it appears to lie bivalent- -f.riik infra. Ac¬ 
cording to E, Vigouronx,' and E. Wilke-Diirlurt, as previously stated tlie difference 
between the- so-calli’il aniorplions and crystalline silicon is due to tlie finer state of 
subdivision of tin* former. In eonsemience, the former a])})ears to more chomi- 
c-ally active, bnt a similar state of activity can be obtained by tlie mechanica! 
comminution, of ory.stnlline, silieon. If. Moissan and S. Smiles made a silicon of 
great reactivity by pawing sparks through linuefied silieon hydride. The product, 
for exaiuple, reduces a solu. of cupric sulphate slowly at ordinary temp., and 
rapidly when boiling; at 50 -60 , it reduces a soln. of mercuric chloride to mercurous 
chloride ; and it reduces a boding soln. of a gold salt. These reactions are not given 
by silicon prepared in tlie ordinary way. X-radiograms of amorphous and crystal¬ 
line silicon show no differenre in structure. The greater reactivity of the pseudo- 
amorphods form is duo to its extremely finely divided state. According to 
V. ManclKit, when rubbed with lead dioiside, the pseudo-amorphons form takes 
fire, th^cryatalline form gives no reaction. 

According to E. Vigouronx, amorphous silicon readily absorbs hydlogBll and 
many other gases, including water-vapour, from wdiich it can be freed only by 
heating to redneas. Both amorphous and crystalline silicon were found by 

Vigouronx, and A. Dufour to react with hydrogen atta high temp., although 
C. Friedcl had previously failed to obtain a positive result at the temp, of the electric 
arc. J. J. Berzelius said the silicon-a which he made burns with a vivid flame 
when .slightly heated in ait; only about one-third of the silicon is burnt, however, 
since the remainder is protected from the air by the silica formed; about twoJ 
fifths is burnt under similar conditions in oxygen. On the (dher hand, the silicon-^ 
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can be heated white hot before the blowpipe without taking fire. 'From the 
evidence, it appears as if the former were really an alloy of potassium and silicon, 
and that the potassium had been expelled from the latter by ignition in a closed 
vessel. In either case, probablja much silica was also present. J. J. Berzelius 
confitued that silicon which has been rendered coherent by gradual exposure to 
a white Mat does not take^fire at a red heat in air or in oxygen. W. Hempel 
ind H. von Haasy observed no oxidation ip air at 150°. Q. Tammann saiifthalfhe 
ebserved no incre^e in weight after heating crystalline silicon in air for 10 mins.; 
3Ut after 5 mins, at 1100°, there was a 3 per cent, increase in weight. H. St. C. Deville, 
and F. Wdliler said that crystallife silicon can be heated to whiteness in oxygen 
without change. This is not quite right. According to E. Vi^uroux, silicon is not 
changed in warm air, but it is attacked superficially when heated to 400° in oxygen. 
L. Weiss and T. Engelhardt said that silicon is not oxidised by oxygen at 700°. 
N. B. Pilling and R. B. Bedworth investigated the oxidhtion of silicon. E. Vigouroux 
found that silicon burns in oxygen provided the temi* bo raised to tbe ignition point 
very quickly before a protective crust of silica has had time to form. Jin order 
to do this, there should be a rapid current of dry oxygen, and the silicon^nely 
divided. If the powder be projected into a red-hot crucible, each grain scintillates 
for a moment, and this also occurs when the powder is passed through Bunsen’s 
flame. This incandescence is duo to an incomplete, superficial combustion. The 
surfaces of the grains become white, and the silica can be removed by washing with 
hydrofluoric acid. L. Weiss and T. Engelhardt found that water at ordinary temp, 
is decomposed by finely divided silicon; and E. Wilko-I)orfurt observed that 
silicon is oxidized by water boiling under a reflux condenser, and in an atm. of 
carbon dioxide. H. Moissan and F. Siemens said that amorphous silicon does not 
decompose water in a platinum vessel, but in a glass vessel, at 95°, an appreciable 
decomposition occurs in 6-12 hrs. This is duo to the presence of alkali dissolved 
from the glass, and the action occurs in a platinum vessel if the water contains a 
trace of alkali. K, Vigouroux found that at a bright rod heat steam is slowly decom- 
po.sed by silicon : Si-f 2IL0=Si02-l-2H2 ; at a higher temp,, the decomposition 
is fasjiw. The reactiou is rapidly inhibited by the protective action of the crust of 
silica formed on^he silicon. , 

II. Moi.ssan found that fluorine attacks silicon a*t ordinary temp., avec une vive 
incamlescetwe^ and the heat of the reaction melts the silicSn; but H. Moissan and 
J. Dewar obsyved that liquid fluorine is wjfhout action. J. J. Berzelius found 
that when ignited amorphous silicon is heated in chlorine it ignites and burns 
completely to form silicon chloride; W. Hempel and H. von Ha^sy said that 
silicon unites with chlorine at ; L. Gattermann rfnd K. Weinlig worked 

at 300°-310° in preparing silicon tetrachloride. F. Dimmer said that comijercial 
amorphous silicon is attacked by chlorine less readily than crystalline silicon, pre¬ 
sumably because the former is contaminated with much more silica. E. Vigouroux 
said that combustion with incandescence occurs at 450° with chlorine; at 500° 
with bedmine ; and not at all with iodine ; but at a red-heat iodine reacts sans 
incandescence visible. P. F. Spiclmann found that boiling bromine has po action 
on graphitoidal silicon; and A. Bessqp observed that iodine chlorMe and iodigp 
bromide form the double halides {q.v.). In all cases where silicon reacts with the 
halogen, the corresponding halide is produced. The heats of reaction with’orystal- 
line silicon are; 

, ^iHjgaa SiFggag SiClgga* Sil4B(did 

Cal8. . . *24*8 239-4 121-S 71-0 6*7 

According to E. Vigouroux, 6. 8. Newth, and W. Hempel and H. von Haasy, 
g&eous hydrogen fluoride attacks silicon at ordinary temp., forming silicon tetra- 
nuoride. *H. Buff and F. Wohler, and A. Besson obtained with dry hydrogen chloride 
ut a red heat,#a mixljure of silico-chloroform, SiHCls, and silicon tetrachloride, 
SiCl 4 i B. Gattermann and K. Weinjig worked at for making silico-chloro- 
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form. E/Vigouroux Ciund that analogous reactions obtain with hydrogen bromide, 
amt hydrogen iodide. According to A. Ditboin and A. Gautier, when a mixture 
of silicon and alumina is heated with hydrogen chloride, a mixture of silica and 
aluminium chloride, but not silicon chloride, is formed; and generally, mixtures 
of alumina with boron, silicon, or carbon behave similarly towards hydrogen 
chlorwte. J. J. ISerzelius’ silicon-a was stated to dissolve in hydrofidoric add 
with the evolution of hydrogen, while his silicon-j3 wis not attacked by this acid. 
A form of silicon solulile in hydrofluoric acid was prepared bv H. Moissan and 
A Siemens, W, Manchot and co-workers, and by P. djeoeau-r-tide su^a. 
V. Hggertz foiniil that the silicon which crystaMizip from many kinds of cast iron 
is soluble in liot ifydroiluoric acid. H. St. C. Deville, F. Wohler, and H. Moissan 
re|iortc(l that ordinary crystalline silicon is not attacked by hydrofluoric acid. Aucin 
<iaik dissous oit liquU(^ mjifmnt isoUmnit, said E. Vigouroux, n'attojue k silidum 
(imuTfhf. Dil. or cone., cold or boiling hydrofluoric acid or hydrochloric add is 
without action ; and under similar conditions neflther sulphuric add nor nitric add 
has any action. J. L. Gay bussac and If. J. Thenard, and J. J. Berzelius found that 
amoigiiioiis silicon is dksolved by a mixture of nitric and hydrofluoric acids ; and 
H. Bt. (!. Deville, F. WdIJer, and H. Moissan obtained similar results with crystalline 
silicon. P. K. Spielinaim said that commercial graphitoidal silicon is not attacked 
by a mixture of snlpbnric and hydrofluorje. acids, E. Vigouroux found that hydro¬ 
fluoric. acid mixed with some oxidizing agenl.s -c.i/. nitric, acid, potassium chlorate, 
potassium nitrate, etc.—or nitric acid mixed with some fluoride— c.g. potassium 
fluoride, elxi. —attmhs silicon at ordinary tem|i. .\ mixture of fuming nitric acid 
and potassium chlorate has no action on silicon. J. J. Berzelius said that the 
silicon is not changed by fused potassium chlorate. Probably the violent reaction 
occurs wlien the mixture is heated rapidly. Cold aqua regia is witliout action ; 
at lOO” hydrated silicon dioxide Ls formed. Many of the metal fluorides, Chlorides, 
bromides, and iodides are (Uammposed when heated with silicon— c.g., at a red heat, 
silver fluoride gives silver and .silicon tlucjride ; Si | lAgF -SiF^-l-dAg, and similarly 
with lead and zim' fluorides; according to E. Vigouroux and F. Ducelliez, potassium 
hydrofluoride gives a niixl.ure of )>otaasium fluoride and fluosilicate : Sid 4KltF2 
■=2KF-| 2 II 2 l-KjSH’o. 1,. Ja'vy found that witli titanium chloride, at a high 
temp., ariiore,scimt crystals oPtitanium silicido are formed. In other cases, with 
an excess of silicoiif aniial a high temp., a siliekh^ may l)e formed. According to 
A. Besson, sulphur chloride, S('l 2 , at a red heat forms silicon tlnochloride, SiSCl 2 ; 
and sulphury! chloride, S 0 . 2 (i 2 i at a red-heat, fornis silicon tetTachloride and 
sulplmr dioxjde, H. Moissan and P. helieau found that sulphuryl fluoride, SO 2 F 2 , 
acts in an analogous manner, A. Ditte found tiuat amorphous silicon reacts with a 
conc.^ql soln. of iodic acid at 250“ Iil)eratinf iodine, and forming hydrated silicon 
dioxide; crystalline silicon reacts more slowly than amorphous. 

.1. J, Berzelius said that when silicon is heated in the. vapour of sulphur, or 
when sulph\ir vapour is passed over silicon at a white heat, the combination is 
attended by incandescence and silicon sulphide is formed. E. Vigourouxeaid that 
the reaction begins at 600°; G. J. b. de Cbalmot, at 300°. VV. Hempel and H. von 
JIaasy sludied the reaction. According tj E. Vigouroux, hydrogen sulphide at 
400°-500°, or at the temp, of its dissociation, has no appreciable action on silicon, 
but at in elevated temp, siheon sulphide is formed. P. Sabatier found that at a 
dark red heat, hydrogen selenide forms silicon seleuide. B. Vigouroux did not 
observe any apprcciabld reduction of sulphur dioxide by silicon at 1000°. For 
the action of sulphuric acid, vide supra. E. Wilke-Dfirfurt-found that at an 
elevated temp., sulphuric acid is reduced by silicon to sulphur, and silicon dioxide 
is formed, but B. Vigouroux found that the boiling cone, acid has no action. 

According to B. Vigouroux, H. Funk, and P. Sohiltzenberger and A. Colson, 
nitrogen reacts with silicon at about 1000°, forming the nitride. The reaction was 
studied by L. Weiss and T. Bngelhardt, H.Funk, and R. Formals; thg former showed 
that the reaction begins at abqut 1300°, for the increase'in weight, w grm. per 
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gram, which occurs when silicon is heated- in nitrogen at 3° for 30 mins., is as 
JoUows: 

0 . ' 1240° 1296° 1300° 1310° 1.320” 1400° 1480° ' 

w . 0-0001 0-0001 O-OOOl 0-0003 0 0014 0-0049 0 0061 

^t a bright red heat, E. Yigouroux found that ammonia reacts with silicon, 
forming tfle nitride, and lilfcrating hydrogen. Aq. ammonia has no action hn 
silicon. The nitrogen Arides— N^O, and NO—arc vigorously reduced above 
800°. For the actlbn.of nitric acid, vide supra. P. Lebeau said that nitric acid 
(1.-1) at too* docs not attack \ery finely divided silicon ; nor did E. Vigouroux 
observe any*reaction with the boiling fuming acid. W. Manchof found nitric acid 
attecks silicon in a soln. of silicon in silver. The slowly-coolhd. insoluble silicon 
inflames in contact with cold nitric acid. No chemical actiyn occurs when silicon 
3 heated in contact with phosphorus, arsenic, or antiAionsr at the tump, af^ which 
these clemeuts are distilled; and e»t a red heat, phosphorus pentoxide, arsenic 
trioxide, and antimony trioxide are reduced by silicon. I,. Kahlenbsrg and 
W. J. Trautmau observed no reduction with arsenious or phosphoric oxides, but 
they found antimony trioxide and bismuth trioxide were reduced by silicon. 
M. Wundcr and B. Jeanuerct found that after 3 hrs.’ treiltment with phosphoric 
icid of sp. gr. 1 -7.6, at 230°, silicon dissojvcs, forming a colourless liquid with a 
jelatinous 8ub.st.ance, in suspension. Any carbon present n-mains undis- 
lolved. 

If. Mimssau and A. Stock, E. Vigouroux, and 0. P. Watts found that horon 
mites with silicon at a very high temp., forming silicon boride (q.v.). J. Berzelius 
aid that molten boric oxide, or borax, has little or no action on silicon. For the 
.ctiou of carbon on .silicon, vide the carbides. H. Moissan found that molten silicon 
t 1200‘’-l'ttKt“ di8.s.)lve3 carbon. K. Nischk studied the affinity of carbon for 
ilicon; and (i. Tammann and K. Schonert, tlic diffusion of carbon in silicon. 

’. Schiitzenberger and co-worker.s founil that carbon monoxide is slowly absorbed 
y silicon at a while heat, forming a silicon carboxidc, and if oxidizing gases 
re excluded silicon carbide is formed. E. Vigouroux found carbon monoxide, 

not^ttacked by silicon at 12(41° ; but carbon dioxide ij reduced to carbon 
lonoxide at iHOtf-lIKK)". P. .Schiitzenberger and* A. Colson found that at a 
hibj heat carbon dioxide i.s absorbed by silicon, forming silicon carboxidc; 
tiiey also found that silicon, in an at-in. of cyanogen, forms silicon carbonitrido. 
A. C. Vourna.sof found that at a white heat a Inixtnre of carbon and silicon, in an 
atm. of nitrogen, formed sodium formate, which give.s nascent hyjjrogcn when 
heated, does not react with silicon. • 

Silicon dissolves in many moltcfl metals, forming silicides—tndc infra. In 
general, the affinity of silicon for oxygen exceeds that of the, other metals excepting 
those of the alkalies and alkaline earths, boron, and aluminium. Accordingly, 
a great many metal oxides are 'reduced by silicon at a high temp. Some metk 
sulphides.bchave similarly. E. Vigouroux reduced the oxides of copper, mercury, 
tin, lead, bismuth, manganese, and iron by heating them with silicon ; the reaction 
is sometimes attended with incandescence. C. Winkler obtained leid sificato, bji 
heating lead oxide with crystalline silicon. II. N. Warren also reduced the oxides 
of lead, chromium, molybdenum, and tungsten by heated silicon. Oi Taramann 
reduced metatitanic acid to a lower oxide by means of silicon at an elevated temp.: 
2TiO(OH)2d Si=Si 02 -fH 2 -fH 20 -l-Ti 203 . Anhydrous titanic oxide, Ti02, and 
the hydrated oxides •ci silicott, zirconinm, and thorium, are not affected. 
H. Mois-san found that molten calcium oxide reacts with silicon, forming a basic 
, calcium silicate, L. Kahlenberg and W. J. Trautmann, and H. Goldschmidt 
reduced barium oxide by heating it with silicon; but not so with calcinffl, 
strontium, beryllium, maiguesinm, or aluminium oxides. Lithium carbonate is 
slightly reduced. J. J. Berzelius found that a vigorous reaction occurs when 
amorphous silicon is mixed with potassinm or sodium hydroxide and heated to 
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the m.p., hydrogen being evolved; the reaction is feebler with barium hydroxide, and 
feebler still with calcium hydroxide. H. St. C. Deville said that crystalline silicon 
is slowly attacked by fused potassium hydroxide; C. Winkler said that the attack 
is rapid. F. Wohler, and H. Moissan and F. Siemens, and H. Moissan and A. Stock 
found that a soln. of potassium or sodium hydroxide attacks crystalline silicOh in 
the cold, and when warmed silicon is slowly dissolved with the evolution qf hydrogen 
—Jade i. 7,2. , ( 

According to J. .T. Berzelius, when a mixture of amorphous silicon and an alkali 
carbonate is heated, a vigorous reaction attended by incamfcscence occurs, carbon 
separates and carbon monoxide is evolved, ancTth* smaller the proportion of alkali 
carbonate, the lower the, temp, of the. reaction; with a large proportion of alkali 
carbonate, the reaction occurs without incandescence and without the separation 
of carbon, but with the evolution of carbon monoxide. H. St. C. Deville, and 
F. WiiJiler also found crystatlinc silicon reacts with incandescence with alkali car¬ 
bonates wtimi heated, forming carbon, carllbn monoxide, and alkali silicate. 
E. Vigiwroux said that amorphous silic'on reacts with the alkali carbonates, in aq. 
solni, or in a molten state, forming silicon dioxide, or silicate, J. J, Berzelius said 
that amorphous ailicoiiris slowly attacked by fused potassium nitrate and gases 
are, evolved ; E. VigouAmx also said that potassium nitrate at its temp, of decom¬ 
position reacts with amorphous silicon, -1’. F. Spielmann said that fused potassium 
nitrate does not attack commercial graphitoidal silicon. As a rule, mixtures of 
silicon with oxidizing agents— lead chromate, potassium dichromate, etc.— 
react vigorously when heated to rednejis. L. Kahlenbcrg and W. J. Trautmann 
found that various chromates are reduced by silicon; the molybdates and 
tungstates arc mdy partially nsluced; silver, mercury, chromic, copper, lead, and 
stannous oxides are readily reduced ; not so with stannic oxide. Tungstic and 
molybdic oxides are reduced io the lower oxides, but not to the metal; lead sul¬ 
phate and lead chloride arc rcduceil to the metal, lead borate reacts with silicon, 
1ml no metal globules weri! formed ; boriC oxide is not reduced by silicon. 
E. Vigournux found lead sulphate, ami calcium phosphate are reduced by silicon 
when healed. According to B. f.ebcau, a 10 per cent. soln. of cupric chloride, 
ammonium or potawinm cupric chloride, cupric sulphate, chromic acid, or ferric 
or ferrous chloride doe.s mlt attack amorphous silicon. L. Kahlenberg and 
W. .1. Tcautmaim also feamiiu'd tlie reactions of silicon with inany inorganic salts. 
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^ 6. The Atomic Weight and Valency of Sijicon 


According to D. I. Mendoloeffd “ tin* composition^of siliaii Jms boon tlio subject 
of the most contradictory statome^its in the history of science,” and J. (* G. de 
Marignac could say that il n'y mwun corps simple dAnl le poids atomiqne offre. plus 
d'incertitude que le silicium. Near tlio beginning of tlni jiinotoontb c<‘nta«ry, tlio 
com])osition of silica was variously represented : • 


SiOor SijO^ 

Si(| 

SiO 

H 

28 

42 

t 7 

14 

21 


Uillereuces of opinion grouped mainly about SiO.^ ainl SiO;{ as th(‘ best re.prcsentative 
formjilu) for silica. J. J. iierzelius’ analyses showed tliat eight parts of oxygen by 
weight were united witli .seven parts of silicon, and at first the formula was written 
SiO. The foriiiula SiO was proposed by T. Thomson, and was siijiported by 
J. B. A. Dumas, and J. J. Kbelnien from arguments suggcsteil by tlie constitution 
of the silicic enters. N( satisfactory guide to tlu; selection of the at. wt. was avail- 
•,able before Avogadro's hypothesis hud been recognized as a criterion. The signiti- 
Scance of J. B. A. Duina.s’ determination of the vap. density of silicon Gdrachloride, 
|made in 1820, was not recognized by J. B. A. Dumas liimself even in 1857, for he 
jthen gave the formula SiOg, whereas the vap. density of the tetrai'liloride, 6‘94 
(air unity), corrospoiuis with 29 7 as tlie smallest unit of sili<‘-on jiresent in this 
compound. J. .f. Ebelmen’s work on tlie ethyl silioati^s couhf not l)e satisfactorily 
interpreted when the formula of silica was assumed to be ^iO^.^for the ratio of tlie 
oxygen in ethyl oxide to the oxygen in the silica in these compounds is as 1 :1, 
1 : 2, and 1:4? J. J. Berzelius’ analyses of ^rious silicates showed that the ratio 
of oxygen in the base to the oxygen in the acid commonly varied from 2 :1 to 1: 3, 
and he accordingly argued that in the trisilicat«‘s, where 4 he ratiif is 1:3, the 
potassium oxide and alumina are imited with silica in the same way >hat the 
potassium oxide and alumina are united with sulphur trioxide in the almuff. By 
analogy, therefore, the formula) for felspar and alum were considered to be similar : 


Alum .... KjO.S 03 H A 1 j{),. 3803 + 24 H ,0 
• Felspar . . . K^O.SiOj-f-Al, 03.88103 

The argument is not valid since the trisilicates are not normal salts of silicic acid, 
but rather acid salts, because they corftain the largest proportion of acid to bas*; 
and are usually found in nature side by side with free silica. H. Kopp based 
an argument for the formula SiOj on the volatile chlorides and bromides’. The 
differences between the b.p. of chloroform, CHCI3, and broj 3 i‘dorra, CHBrs, is about 
96®; there is a similaadiference between the b.p. of phosphorus trichloride, PCls, 
and tribromide, ^Brs ;* and between silicon chloride and bromide, hence the 
formulae of the latter should be SiClg and SiBrs respectively, corresponding with 
the system of chemical equivalents the;! in use, and with 8 i 203 for silica. 
H. KoptJ, however, later showed that evidence of this kind is quite unreliable 
because the difference of 32® per atom of chlorine displaced by bromine is not 
general. J. I. f*ierre prepared what were regarded as a number of chlorosuipbides 
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by the action of hychogen sulphide on silicon chloride, and he considered that 
the results were best interpreted on the asumption that the formula of silica is 
SiOs, but he mistook silicon trichloro-hydrosulphide, SiClj.SH, for SiSCl 2 .'' 

H. Rose studied the action of silica on fuse4,8odium carbonate, and he showed 
that an etp of silica displaced an eq. of carbon dioxide if the formula of siMcS be 
SiO.,., while if the formula be SiCj, 1'5 eq. of carbon dioxide arc displaced, ffhe 
erroneous assumption was made that the eq. of carbon dioxide evolved is equal 
to the eq, of the silica added. He found the assumplion that the formula of 
silica is SiOj to give the simpler results. If the same argument were applied to 
niobic and tantalic acids an erroneous conclusion, might be obtained because the 
amount of carbon'dioxide expelled really depends on the temp.; indeed, as showing 
the unreliability of'thc argument, T. Soheerer concluded that the formula is SiDj 
from his observations on the behaviour of silica towards the alkali carbonates; 
he considered that tlic silicates could be better represented by regarding silica as 
BiOj than as SiOa. E. von lyobcll, in 1871, aiAl F. A. Quenstedt, as late as 1877, 
supported T. Sche(uet in this respect, i'. Yorke’s experiments led him to conclude 
that there are at least two silicic acids with different eq. M. A. Gaudin arguing 
from (i), the vapour densities of silicon chloride and fluoride ; and (ii) the analogies 
which silica bears to ttanic and stannic oxides, advocated the formula Si 02 . 
0. 13. Klihii, A. Wurtz, C. Weltzien, ar^d L. Gmelin favoured the formula Si 02 ; 
and P. Hinbrudt compared the results obtained by representing the composition of 
the minerals by silica considered as SiO, and as SiOj, and claimed that the former 
gave the more advantageous results. He also emphasized the evidence in favour of 
this formula derived from the, va|iouc densities of the silicon halides, and from the 
displacement of carbon dioxide in the, carbonates by silica. J. C. G. dc Marignac, 
in his memoir: Sur Vkomorfhume des jluosUicates et des fiuostanmles et sur h 
foids alomiqite du silicium, showed that tlu! sp. ht. rule could not be used to estimate 
I hi! at. wt. of silicon because of the variability of the sp. ht. with temp, and allotropic 
state. He explained the isomorphism of the Uuostannates and fluosilicatos, by 
assuming that tlic formula for silicon fluoride is SiF 4 analogous with SnF 4 for stannic 
fluoride. He later showed that the fluotitanates and fluozirconates should be 
included in the same isumorphous series. These conclusions were confirmed by the 
work of C. Friedcl and co-workers on the volatile compounds of silicon and carbon 
—vide infra in comifction with the silicon hydrides. F. S. Kipping obtained evidence 
of the formation of a silicon hydrocarbon, Si(CoH 5 ). 2 . 8 i(C 4 H 5 ) 2 .Si(CoH 5 ) 2 .Si(CoH 5 ) 2 , 
in which two of the four silicon aiohis may be tervalent. * 

Silicon is now regarded as a quadrivalent element, and the formula of silica is ' 
accordingly fepresenteil by SiO^, because of (i) the, vapour density of the volatile 
silicon tomimunds—Avogadro’s law ; (ii) tlA: at. ht. determined by H. F. Weber 
at 232°, approximates to Dulong and Petit’s rule; (iii) the isomorphism of the 
complex fluoridea of silicon, titanium, zirconium, and tin—Mitscherlich’s rule; 
and (iv) the position of silicon in the periodic table in the fourth group between 
carbon and titanium, and in the second horizontal series between aluminium and 
phosphorus, is particularly suited for an clement with the properties possessed by 
silicon. ‘There are very few compounds in which silicon is said to exhibit a 
Valency lower than that of a tetrad, W. Barlow and W. J. Pope inferred from 
the ahseneq of isomorphism between silicon and carbon compounds, and the 
similarity on the morphotropic behaviour of silicon with the bivalent elements, that 
carbon is unique in possessing a fundamental valency as large as 4, and that silicon 
is cssentiaHy bivalent. G. Jerusalem supports this hypothAis-t-vu/e 1. 6,18. 

X J. Berzelius determined the amount of oxygen required to oxidize the impure 
amorphous silicon which he had prepared, and from this ho calculated that the 
at. wt. of silicon—translated into modern units—^is 19'6; and he later obtained 
the values 26 3, aud 29’0. In a table published in 1814, ho gave the at. Wt. 32'46; 
and 1816, 2311. In 1811, F. Stromeyer, also working with an injpure sample of 
silicon, obtained 27‘25 Between 1815 and 1826, J. J. Berzelius analyzed hydro- 



flnosilicic acid, by converting it into the barium salt, and obtained 29'6. He 
obtained 313 to 31'6 as a result ol the analysis of aiuininiuni silicate ; and 29'63 
by the (Jxidation of a sample of silicon purified by washing with hydrofluoric acid. 
T. J. Pelouse, J. 13. A. Dumas, apd J. Schiel decomposed silicon tetrachloride by 
watt)%; the first two determined the Uberated hydrochloric acid by titration with 
standard fiver nitrate, and the last, by precipitation as silver chloride. From the 
ratio SiCl^: 4Ag, T. J. Peloule obtained 28 39, J. B. A. Dumas 28 09, and O.Honig- 
schmid and M. Steinheft 28'105; while from the ratio SiCl 4 : 4AgCl, J. Schiel 
obtained 27'96. fi. St. C. Deville transformed silicon into alkali silicate, and from 
the ratio K 2 O : Si02, obtained 30-4 for the at. wt. C. Winkler likewise heated silicon 
with (i) pdlassium hydroxide, (ii) sodium carbonate, and (iii) an aq. soln. of 
pStassium hydroxide, and obtained values varying from 28 9 to 29'4 for this con¬ 
stant. The above determinations may be considered to conclude the older and less 
reliable determinations of the at. wt. of silicon. Acsording to T. E. Thorpe and 
J. W. Young, the only reliable values for the at. wt, of silicon are based upon the 
analysis of the silicon halides which apjHiawto be the. most suitable of all compounds 
of silicon for at. wt. determinations when suitable precautions are taken; they 
showed that colloidal silica interferes with the titration of hydrobromic acid (h the 
liquid obtained by the decomposition of silicon tetrabronlidc in water ; and they 
determined the weight of the silica produced in the rtiaction, and calculated the at. 
wt. 28 385 from the ratio SiBr 4 : Si02. Sfmilarly, W. Becker and J. Meyer obtained 
28'225 for the ratio .SiOlj: S 1 O 2 . 0. 1*. Baxter and co-workers analyzed sibeon 
tetrachloride and silicon tetrabromidc and obtained con.sisti’iit values agreeing with 
28’0G3 to about one part in two thousand. In another set based on the analysis 
of the tetrachloride, 28111 was obtained. A. Stock and E. Kuss obtained 2816 
by using the reaction SiH 4 -l- 2 Na 01 I=Na 2 Si 03 -|- 2 Il 2 . The International Atomic 
Weights Committee use 28'3 as the best representative value for the at. wt. of 
silicon. B. Brauuer calculated 28-3 for the beat representative value, and 
[ F. W. Clarke, 28'25. F. M. Jiiger and D. W. Dijkstra found no difference in the 
f general properties of terrestrial and extraterrestrial silicon from meteorites, and 
hence inferred that the ratio of the isotopes must be the same whatever be the origin 
of the silicon. 

H. von Juptfier found the mol. wt. of silicon dissolved in Iron corresponds with 
apeven-atom mol. The eflect of silicon on the f.p. of copper shows that in molten 
copper the mol. of silicon is possibly monatomic. The formation of silicide may 
spoil the infefimees. E. Kutherford and J. 4i;hadwickobtained evidence of the 
emission of long-range particles when a-particles act on silicon; but G. Kirsch 
and II. Pettersson obtained evidence of the emission of hydrogen iAclei by bom¬ 
barding silicon with a-rays; L. F. Bates and J. S. Kogers made observations on 
this subject. According to F. W. Aston, silicon furnishes three isotopes, One of 
at. wt. 28, and the others of at. wt. 29, and 30. K. S. Mulliken obtained evidence 
of the two isotopes in the band spectrum of silicon nitride. 

8. Bmwn * asaumeil that the silica in plants is derived from the transmutation of 
carbon into siticon by the plant; J. d. Berzelius, however, attributed the appearance of 
this element to the slight solubility of silicic acid in the water taken in by^the roots of the 
growing plants, 8. Brown believed that wlien parocyaiioguii is Iteuted out of conti^ 
with air, alone or in contact with potassium carbonate, platinum, or other substances 
having a strong attraction for silicon, its nitrogen atoms pass away micliapgod.awiiilo its 
carbon atoms unite together and fonn silicon. G. J. Knox argued that the nitrogen is 
the source of the silicon in S. Brown’s exiiermient; ho rcgardiMl nitrogen os a cumpomid 
of silicon and hydrogcgi because he obtained silicon under similar conditions to those 
described by S. Brdwn, lAit with substances containing no carbon —c.g. potassium amide, 
KNH,, wliioh lie called “ ammonia-nitrurot of potassium.” G. Wilson and J. C. Brown 
obtained silicon in a number of cases under conditions which they said ” preclude the 
[Xisaibility of its being derived as an impurity or accidental ingredient from the vessels 
or mateijals or reagents made use of.” T. Gross thought that ho liad transformed silicon 
into carbon by the electrolysis of an aq. soln, of an alkali silicate between silver electrodes. 
Subsequent obwrvations by J. D. Smith and R. H. Brett, etc,, have failed to ostablisli 
these results; u no silicon bo present in the system, none is formed. 
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§ 7. The Silicides of the Alkali and Copper Families of Elements 

The binary compounds of silicon with the electropositive elements, more 
particulaily t^e metals, are called silicides. Their chemistry attracted but little 
aWention until H. Moissan investigated thek formation in the electric furnace. A 
few can Jje prepared at low temp., and many ere found as metallurgical by-products. 
There appears to be a somewhat similar relation between the carbides and silicides to 
that which subsists between carbon and silicon. Many of the methods of prepara¬ 
tion of the carbides can he employed for the silicides; the m«st important methods 
depend on (i) the direct union of the elements at a higfi temp. E. Vigouroux 
said that the alkali metals, zinc, aluminium, lead, tin, antimony, bismuth, gold, 
and silver do not combine directly with silicon even in the electric furnace ; while 
iron, chromium, nickel, cobalt, manganese, copper, and platinum combine, directly 
with silicon to form crystalline silicides. (ii) The reduction of the metal oxide by 
silicon: (iii) the reduction of the metal silicate or a mixture of the ntetal oxide and 
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Jca by carbon; (iv) the reduction by a metal like sodium, magnesium, or aluminium 
I a siliceous compound in presence of the free metal or metal oxide; (v) the action 
f a silicon halide on a metal; or (vi) the dissolution of a metal in copper silicide. 
lost of the metal silicides readily^crystallize ; and they are not so active chemically 
8*1^ carbides. Most of them are fairly stable in contact with water—the silicides 
f,lithiu|{i and of thfi alkaline earths arc alone decomposed by water. Tbe metal 
silicides usually form well-Sefined crystals with a brilliant metallic lust^p; they 
are usually hard, and possess a high ift.p. The silicides are not generally so 
chemically #ctive*a% the carbides. At a dull red heat, when heated in oxygen, 
the silicides may be attacked superficially, or they may resist attack altogether. 
The cheraiRal properties are of course dependent upon the contained metal; lithium 
iSlicide, for instance, is easily oxidized. The aluminium, magnesium, alkaline earth, 
and the alkaU silicides arc attacked by dil. acids. 

• 

The following monographs deal with tho silicides ; O. ifonigsc-hmid, Karbide un^ SiUcidf, 
Hnlle a. S., 1914; P. Lebr'an, Ac %hctum ft ecu coinbittaison^ artiJtciell€ii,VaTiB, 1899; 
E. Vigouroiix, Ae eihcium ti ks mliciurcs ttritaUigucs, Pans, 1896; H. Moissan, Ar four 
ikftriquf, Pans, 1897 ; London, 1904. * 

According to J. J. Berzelius,! potassium unites with .dlicon without perceptible 
incandescence. The compound containing a larger proportion of potassium than 
silicon is dark greyish-brown, and dissolves entirely in water evolving hydrogen, 
and yielding potassium silicate. The compound containing more silicon than 
potassium is obtained by decomposing silicon fluoride by potassium, and it leaves 
a residue of silicon when digested in water. If potassium vapour be passed over 
heated silica, potassium silicide and siUcate are formed, and dissolve in water with¬ 
out leaving any residue ; but if the greater part of potassium be previously expelled 
by heat, the remaining vitreous mass when digested first in water and then in 
hydrofluoric acid, leaves a little silicon behind. H. St. C. Ueville doubted 
.1. J. Berzelius’ inference that be had prepared potassium silicide in these experi¬ 
ments. He also said: 

Tho many oxiioriments wlihh I have made with sodium have convinced mo that any 
comtauation of this kind docs not exist; at any rate, the silicon can retain only a minute 
quantity of sodigm. 

• • 

C. Winkler also stated that crystalline silicon does not absorb the vapour of 
potassium or sodium either when feebly or strongly heated. H. Moissan, however, 
said that siKcon is attacked superficially* by the yapour of the alkali metal, 
forming a bttle potassium or sodium silicide as the case may be ; but E. Vigouroux 
found that when sUicon and sodium or pota.ssinm are belated together in sealed 
tubes, no combination occurs at temp, up to that at which the alkali metal 
volatiUzes. No silicide of sodium, potassium, rubidium, or caesium has yet been 
prepared. H. Moissan found lithium silicide, LioSij, to be formed when silicon and 
lithium are heated in vacuo for 2 or 3 hrs., and finally at dull redness. Tbe excess 
of lithiiun is removed either by treating the product with liquid ammonia which 
dissolves free lithium as the so-called lithium ammonium, or by distilling off the 
free hthium at dOO^-fiOO” under reduced press. Lithium silicicie fonns small, 
lustrous crystals of a deep indigo-blift, has a sp. gr. M2, and is decomposed i»a 
vacuum above 600“ into lithium and amorphous silicon. Hydrogen, above 600“, 
yields, with the silicide, lithium hydride and silicon. When warined in" gaseous 
fluorine, a reaction takes place with incandescence, producing lithium and silicon 
fluorides; with ijhlosipe, bromine, and iodine, the reaction is similar, but a higher 
temp, is required before it begins. Heated in air, it burns and melts ; in oxygen, 
much Ught and heat are developed. It reacts with molten sulphur with great 
wigour, a lithium polysulphidc and a sulphide of silicon being formed; the last- 
mentioued substance is decomposed by cold water with evolution of hydrogen 
sulphide. Selenium, tellurium, and phosphorus all attack tho silicide with pro¬ 
duction of iScandescence. Arsenic and antimony form crystalline alloys only 
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slowly attacked by fold water J.ithiiiin silicide reduces tie oxides^ of ir„n, 
ciromiuni, and manganese, alloys being jirodiieed. When the sih'cide is placed 
on su/p/mrie acid, it becomes incandescent, hydrogen sulphide is evolved, &nd sul¬ 
phur formed. With nitric acid, it reacts cxplosiyely, producing nitrogen pewxide 
and silica. With hydrochioric acid, the sih'cide becomes incandescent and tfeiJ is 
coated with hydrated silica; at low temp, or when dil. acid is used, a^as spen- 
taiKoiis^ infianiinabift in air is ev'olved; it burns wxthja very white name and 
deposits amorphous silica; an etiiereal'soln. of hydrogen chloride has no action 
oft the silicide. The reaction with water is very violent; a spontaneously 
indammablo gas is evolved, and a soln. of lithbinu hydroxide containing silica in 
suspension is ohtahied. If the reaction is moderated by covering tjie silicide with 
glycerol, pure hydrbgen is evolved. With aep soln. of alkali hydroxides, omy 
hydrogen is evolved. It appears that water always decomposes the silicide with 
formation of hydrogen'and a hydrogen silicide, Simile; the latter is decomposed 
by the alkali hydroxid(«. , *' 

The affinity of silicon for copper, said*G. J. I,, de (Iialmot,^ is small, and is less 
than it is for iron, manganese, and chromium, nearly the same as it is for silver, 
and perhaps a little less than it is for xiuc; M. Pliilipa also said the affinity of 
silicon for copper is snLlhir than it is for hydrogen and carbon, and, added 
W. Haiupe, simvllcr tlian it is for fluorine, M. Philips said that tlio two elements 
begin to react at about 775“. In 1810, J. J. Berzelius obtained an alloy of copper 
with 2'3 per cent, silicon, by heating a mixture of silica, carbon, and copper turnings 
in a clo.sud x’rueible at a white heat; and in 1823, he made alloys richer in silicon 
l)y dissolving silicon in molten cojjper. According to M. Philips, the production 
oi cuprosilican, as alloys of copjicu and silicon are called in commerce, from the con¬ 
stituent elements, using an excc.ss of silicon, docs not give a homogeneous product, 
but if an excess of copper is used, homogeneous alloys can he readily obtained. 
The ready oxidizability of amorphous silicon makes it unsuited lor the work. A 
mixture of 100 grins of copper and 20 grins, of silicon gave an alloy with 13'28 per 
cent, of silicon and 85'8 per cent, of copper; and a mixture of 160 gnus, of copper 
and 22'5 grins, of silicon gave an alloy witli 87'17 per cent, of copper and ^111(6 
per cent, of silicon ; wliile a mixture of 100 grins, of copper and lO^griiis. of silicon 
gave an alloy with Db'OO per t’ent. of copper and 9'02 per cent, of silicon. The 
copper turnings and povijicrcd silicon were placed with silicon below the copper 
in a graphite crucible and lieated to about 1150°-1250“ for about 2 bra. The 
mixture wa.s freijuently stirred. The* mixture duriug fusion was covered with a 
layer of equimolar parts of potassium and sodium chlorides; borax was found not 
to be so good. Alloys were also made from the constituent elements by 
H. N. Warren, W. Hampo, E. Vigoiiroiix, W.‘Manchot and H. Funk, H. Behrens, 
K. Nisthk, and E. Kiidolfi. H. Goldschmidt obtained ciiprosilicon in a thermite 
reaction between cnpiric oxide and silicon. C. Hcusler fused copper with siliceous 
pig-iron—ferrosilicon—removed the two upper layers which formed when the 
molten mass was allowed to stand, and found that cuprosilicon remained at the 
bottom. A. Sanfourche said that it is impossible to prepare alloys with over 12'10 
per cent, 'of silicon, and that in consequence all formula; professing a higher 
pffiportion of silicon should he deleted from literature. 

Aa iiulioniod abuve, J. J. l^rzelivi» ohlaiued cuproailicon by heating a mixtiu'e of 
copper, carbon, and silica; Dick kist'd a similar process. W. Feld and G. von Knorre 
made a mixture of oopi)cr--tbe cq. nmoimt of cupric oxide—kj^eselguhr, and sodium 
chloride into briquettes, with tar as a bond; the briquettes wei'C ctfrbonized at a dull 
reef heat, and smelted with a flux of quartz and lime ; the resulting alloy contained 8 per 
oent. silicon; if fluorspar bo used in place of sodium chloride, the product has 7 per cent, 
silicon. E. H. and A. H. Cowles and C. F. Maberj’ heated copper with an excess of sand 
and wood charcoal in an electric furnace : and G. J. L. do Chalmot, and G. Kroup^ recom¬ 
mended a similar process. W. Kathenau heated in an electric furnace a mixtme of copper 
or copper oxide, lime, carbon, and sand. The products were calcium oarlyde and cupro* 
silicon. C. Matiguon and It. Trannoy heated a mixtui'e of copper silicate and aluminium; 
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fO. P. Watts reduced copper ore in presence of a silicate by means of oalcium carbide or 
aluminium in an electric furnace ; and M. Philips heated an intimate mixture of cupric 
oxide ^nd silicon carbide for 5 hra. in a coke furnace; H. St. C. Doville and H. Caron 
heated together potassium fliiosilioate, sodiun), and copper turnings and obtained an 
alloy with 12 per cent, of silicon L. Weiller used a mixture—potassium fluosilicate 
(4fiQ|^ glass (600), sodium chloride (250), sodium carbonate (75), calcium chloride (500), 
and calciam carlwnate (60)—intended to produce its own sodium. £. Vigouroux obtain^ 
cdprosiliSon by the action silicon tetrachloride on copper at 1200^^; and A. Dufour 
obtained a red precipitat^ containing coppe^ and silicon by passing silicon tetrahydride 
into a soln. of cupric sulphate. 

* ^ • 

H. N. barren prepared a cujirosUiton by the electrolysis of molten potassium 
Uuosilicate with molten copper as cathode. He thus obtained a brittle alloy of 
the two elements. J. Walter electrolyzed molten potassium silicate, at a temp, 
above the m.p. of cuprosilicon, by using a molten copper cathode, and a carbon 
anode. The potassium silicate can he fluxed by the adchtioh of potassium carbonate 
or chloride, sodium silicate, etc. eA. 6. Betts obtained cuprosilicon as a by-product 
by electrolyzing a molten mixture of clay, copper, and alumina sat. with cryolite— 
aluminium formed at the cathode accumulated on the surface of tboliath, and 


cuprosilicon formed at the anode collected at the bottom of the bath. * 
Partial observations on the constitution of the copf*r-silicon alloys have been 
made by E. Vigouroux, P. Leheau, G. J. L. de Chalinot, W. Ilampc, and M. Philips. 
The equilibrium diagram, Fig. 7, was 

obtained by M. Kudolti. Ho believes that '. ^ . 

only two compounds arc formed, CusSi, ^ 

and Cuij 8 i 4 ; and that the latter is pro- (Mf - ^ - -- 

duced by secondary changes in the ./ - _ - ■ 

solidified alloy. The compounds reported | , / 

by E. Vigouroux, and P. Lebcau are con- ^ / . 

sidcred to be eutectic mixtures. The f.p. / ~ ~ 

curve shows a maximum about BhO” and soo" \|^ r . - -. 

13 per cent, by weight of silicon, corre- Cii„Si. ~ t .y , __ 

spending with the compound CuaSi, two ^ _; 

cut^btic points at 820“’ and 9'8 per cent. w r 

and 800° ami T8'3 per cent, by weight of —k-L— i—± 

silicon, and a break at 849° and 7'8 per ^ /ir cent. Si 

cent, of the same element. A. Sanfourche 7 .„Eq„i|,bri.m. Diagram ot Silicon 

believes that Gujabi, better represents • nnU Copiwr. 

the formula of E. Rudolfi's Iritasilicidc. 


Keturning to Fig. 7, from 0-4'5 per cent, of silicon, miyed crysthls separate; a 
second series of solid soln. from per cent, of silicon are only stable 

within narrow limits of temp. Two reactions take place during the cooling of 
the crystallized alloy: the solid soln. sat. at 7-34 per cent, of silicon decom¬ 
pose at 815°-780° into two other series of solid soln., one of which splits up 
at 710,° into the compound CujjSi, and the solid soln. first mentioned. It looks 
as if there is a misinterpretation of the results in E. Budolfi’s experiments. 
The results have been criticized by W. Guertlcr, and A. M. Porte,vin. • K. Bome- 
manu considers the individuality if E. Rudolfi’s copper tetrasilicide, CuigSi* is 
very doubtful. R. Frilley found no signs of it on the sp. gr. curvj of *Jib alloys. 

According to P. Leheau, commercial cuprosilicon contains large and small 
crystals of silicon, some steel-grey crystals of ferrosilicen and a matrix of coppet 
tetriUsUidde, Ci^Si; not the hemisilicide, as stated by 6. J. L. de Chalmot, and 
E. Vigouroux in 1896. The latter prepared the tetritasilioide by fusing 17 parts 
of silicon and 90 parts of copper in a current of hydrogen, and removing any 
• silica from the product by treatment with a 5 per cent. soln. of sodium car¬ 
bonate. He heated to 1200° in a stream of hydrogen, 81'74 grms. of copper, 
28 26 grms. of crystalline silicon, and 200 grms. of lead, bismuth, or antimony. 
He found tSat the maximum amount of sifioon retained by the copper is abont 
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10 per cent., any in excess is present as free silicon ; this amount of silicon corre¬ 
sponds with the formation of the tctritasilicide; and in the presence of lead and 
bismuth, the tctritasilicide rises to the surface, but in the case of antimony it 
remains disseminated throughout the mass. E.^Vigouroux passed sibcon tetra¬ 
chloride over copper at 1200“ and obtained cuprosilicon with less than 5 per peot. 
of combined silicon; by repeating the treatment, the combined silicon w^s carried 
up to abput 10 per cent. 11. Frilley found no sign of this compound on the sp. gr. 
curve. Copper tctritasilicide has a metallic silver-white ajrpcarance which rapidly 
darkens, becoming first yellow and then brick-red. It is hard, brittle, and easily 
powdered ; the fracture is tin-white and finc-gBined ; the sp. gr. is 7'48 at 0°; 
and that of the fused silicide is 7'58. P. Lebcau gave 850“ for the m.p. With water, 
this silicide develops ^lydrogen; chlorine attacks it below a red heat; it is readily 
attacked by warm dil. or cone, nitric acid or by a mixture of nitric and hydro¬ 
fluoric acids; but hydlochloiic, sulphuric, or hydrofluoric acid has scarcely any 
action (fn the compound. Hot cone, sulphuricr acid is coloured blue and silica 
separates; aqua regia attacks the alloy in the cold, and more rapidly when heated. 
Hot alkall-lye has very little action, and when boiled with a 5 per cent, soln. of 
sodiuifl hydroxide, the grains of the tetritasilicide are covered with a dirty grey 
fdm. H. Behrens said tAat the silicide is attacked by a mixture of hydrochloric 
acid and potassium chlorate, and that aq. animonia prcderentially attacks the 
copper, and a hot srdn. of potassinm hydroxide jrrebirentialiy attacks the con¬ 
stituents rich in silicon. According to P. licbeau, this is the only dehnitc compound 
of copper and silicon which can be defected by tins )n)oling curves of the alloys ; 
E. Kudolfi said that, excepting the less definite Cui„Si 4 , copper tritasilicide, CujSi, 
is the only compound shown on the cooling curves. K. Frilley found evidence 
of it on the mol. vol. curve of the alloys. H. St. C. Deville and H. Caron prepared 
this compound accidentally in their study of the action of silicon tetrachloride vap. 
on sodium placed in a copper boat. 

M. Philips reported tho formation of ropper dihtiptitasilicide,C\^T^i 2 ,U> bo formed m u 
rofuduo afUir trciiling tlic tritfwilicido with 20 per cent, potash-lye for 5 lira, on a water- 
bath. W. Cluort ler bolioves tliis product to bo a inixiurc. M. Philips also reported copper 
di 2 i€ntU<i 6 iltctdc, Cu|big, to be formed, but tbisM us not isolated. K. Frilley obtaiiicfl evidence 
of the existence of thisSjornpoumUoiv tho mol. vol. curve; and of copjtlr dUnla.i^licidc, 
CugSig, M point of inflexion on tho sp. gr. curv’o of tlif' fdloys. E. Vigfmroux,C. Matignon, and 
G. J. L. de Chalinot prepared wliat was regarded as copper honimlindc. CujSi, by heating 
copper with an excess of sand and wood»eliarcoal in an electric fiiriuieo, the eryatalline mass 
when treated witli aqua regia gave a residin' with'a composition 
^| 01 . L. Kahlonberg and W. J. Trautmann w'porfod this compound. K, Vigouroux 
heated a mixture of copper with 10 per cent, silicon m an electric furnace until the excess 
of conper had voiatilizod. Tlie steol-groy crystals had a sp. gr. of 6 9 at 18". K. Frilley 
found evidence of this compound os a point of inflexion «m the sp. gr. curve ; and of copper 
$iliade, CuSi, on tho mol. vol. curve. Ph Uudolfl consider that the alleged compound is 
r^Ily a eutectic. Q. J. L. do Chalmot reported tho occurrence of copper trilmnnsilicide, 
CugSia, in a commercial sample of cuprosilicon. K. Frilley regarded a point of inflexion 
on the sp. gr. curve as evidence of tho existence of this compound ; and on the mol. vol 
curve, ht found evidence of copper Mrasilkidc, CuSi,. Tho chemical individuality of 
none of these products has been established. 

•■According to W. Hampe, copper with O'^o26 per cent, of silicon preserves its 
colour; F. Kudolfi said the colour with one per cent, of silicon is like that of brass ; 
those with 1'5 to 2 per cent, of silicon arc yellowish-red, those with 3‘5-4'8 per cent, 
have a pale bronze colour ^ and those with about 5 per cent, are pale brass-yellow, 
or, according to E. H. and A. H. Cowles and C. F. Mabery, greyfeh-black; those with 
8 per cent, silicon are silver-white; and those with up to 10 per cent, are silver- 
white with a bluish tinge. H. St. C. Deville and H. Caron say that those with 12 
per cent, silicon have a reddish tinge like bismuth ; and C. Winkler said those with 
20-30 per cent, silicon are grey, H. Behrens said that the microstructure of 
alloys with 0‘5 per cent, silicon shows a grey network. W. Hampe said the fracture 
of an alloy with 3*66 per cent, silicon is compact and lustrous; witli 6 per cent., 



^ILICON 173 * 

irystalliue and pale grey; with 8 per cent., oonohoidal; and with 11'7 per cent., 
jlaaay. Observations have also been made by E. Vigouroux, A. Dick, S. Bogdan, 
md M! Philips. A. L. Norbury measured the vol. of the solute atoms in solid 
)oln. of cuprosilicon. The sp. jr. of ouprosilicon alloys have been measured by 
A.a4lck, W. Hampe, G. J. L. de Chalmot, etc. 


• For tent, silicon 
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The decrease in sp. is fairly regular with iucreasiijg proportions of silicon. The 
hardness of cuprosiheon at first^ncreasos rapidly with increasing proportions of 
silicon; and afterwards the increase js slower; observations were made by 
H. St. C. Deville and H. Caron, C. Winkler, G. J. L. de Chalmot, M. Philips, etc, 
II. Behrens said that the hardness of a 2'1 per cent, alloy is 31; of a 3 pet cent, 
alloy, 3'0 for the crystals and 3'3 for the matrix; the m^nbers are respectively 3'2 
and 3'4 for a 5 per cent, alloy; and for a 10 per cent, alloy, over 6 for the graphite- 
like crystals, i for the yellow prisms, at(d '1'2 for the matrix. E. Rudolii said that 
quenching and slow cooling have little influence on the hardness. W. Hampe found 
the tensile strength of 0'53 and 3'47 per cent, silicon alloys to be respectively 50 and 
95'3 kgrms. per sq. mm.; ho also found the malleability decreases with increasing 
content of silicon ; the ductiUty of an alloy with O'OS per cent, of silicon was like 
copper, a 2 per cent, alloy could still be drawn readily, but a 3'66 per cent, alloy 
was difllcult, an alloy with G per cent, of .silicon is brittle, and one with U’7 per 
cent, of silicon behaved like glass. E. Wilson found the linear coefl. of thermal 
expaasioii to bo 0'0(XK)234-()'0(I00240 for alloys with l'5-2'0 per cent, of silicon. 
II. St. C. Deville and H. Caron found alloys with 4'8 per cent, of silicon melted like 
bronze, and those with 12 pet cent, of silicon melted more easily than silver. For 
E. Kudolfi’s observations, vide Fig. 7. U. Ileuslcr, and E. H. and A. H. Cowles and 
C. F. Mabcry <ound that cuprosilicon is a good tjectrical oonductor; W. Hampe 
.said that alloys with 0'53 and 3‘47 per cent, of silicon have respectively 28'11 and 
G'.! per cent, of the conductivity of purified copper. “ E. Wilson found the sp. 
resistance oh commercial copper increases by adding l'5-2'0 per cent, of silicon 
from 2 76 X 10“® to 3’3 X 10~® ohms, and the temp, coeff. falls from 0'0040-0'0030. 

According to W. Hampe, alloys with over 3'47 per cent. oGsilicon become 
corroded on exposure to air; otlaer observations were made by M. Philips, who 
found that hot water decomposes cuprosilicon liberating hydrogen, and forming 
copper silicate, Cu 2 Si 03 ; the Cu 7 Si 2 alloys seem to be most readily attacked; 
the development of hydrogen begins between 46° and 65°, and is quite marked 
betwcqn 70° and 94°. The alloy with 12 per cent, of silicon increased in weight 
7'6 per cent, after 48 hrs.’ boiling with water. C. Combes found alloys with about 
20 pot cent, of siheon give with dry hydrogen chloride, copper and silicon chloro ■ 
form. G. J. L. de Chalmot said that alloys with 39 per cent, of silicon react vary 
slowly with sulphur at 2d0°-250°; and at 270°-280°, the copper of the alloy is 
convened into cupric and cuprous sulphides; sunilarly also with'tho 10-12 per 
cent, alloys; the silicon is set free. M. Philips said,sulphuric acid or soln. of 
ammonium chloride liberates hydrogen at comparatively low temp. E. Vigouroux 
said that nitric acid readily dissolves alloys with 2'5 per cent, silicon, and black 
crystals remain when the 20 per cent, alloys are treated with this acid. W. Hampe 
said the 6 per cent, alloy is completely dissolved by the acid, and that with the 11’7 
per c^t. alloy small shining flecks are separated. G. J. L. de Chalmot said that 
aqua regia dissolves part of the copper from cuprosilicon. Molten mixtures of the 
alkali carbohates and nitrates readily decompose the alloy. B. Vigouroux found 
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tliat 8oln. of alkali hydroxide have little or no action on an alloy with 2'5 per cent, 
of silicon, P. Lebeau found the silicon is displaced from cuprosilicon when it is 
heated with many metals—silver, zinc, aluminium, and tin. P. Lebeau and 
J. Figueras obtained chromium silicido; E. Defacqz, molybdenum silicide. 
M. Philips describes the use of cuprosilicon for deoxidizing copper and br<VM»; 
and for toughening aluminium. 6. Kroupa discusses the hardening o^ copper 
by euprqsilicon. E. Vigouroux found commercial cuprosilicons with 10, 13, and 
15 per cent, of silicon ; and C. J. L. Lclllernnalyzed one with 38'9 per cent, of copper, 
54*23 per cent, of silicon, 6'71 per cent, of iron, and 0'12 per (g^nt. of carbon. 

J. J. Berzelius ^ first noticed that silver alloys with silicon when the two elements 
arc heated before tlie, blowpipe, and he supposed silver silicide was formfed because 
when the alloy was dissolved in acid, some silicic acid was formed. He obtained 
similar results when a mixture of charcoal and finely divided silver was strongly 
heated under a layer of g'lass containing only alkaline or earthy bases. P. Stromeyer 
said tha^ under these conditipns, silver unites with both carbon and silicon. 
J. S. Stas also noted that molten silver or silver vap. reduces silicates and silica 
avec formation de silicate el de, siliciure d’argent. C. Winkler melted silver with 3, 
10, anS with 20 per cent, of silicon under cryolite, and obtained respectively silver- 
white, dirty grey, and gfey-coloured alloys. G. J. L. de Chalmot obtained an 
argentosilicon alloy by heating sand, carbon, lime, and silver in an electric furnace. 
Some calcium was also present. K. Wohler |)assod silicon hydride into a soln. of 
silver nitrate and obtained a precipitate which he regarded as a mixture of silver 
silicide and silver ; G. Buchner regarded the precipitate as silver nitratosilicide, 
Ag^Si.iAgNOj, analogous to the precipitates obtained with arsine and stibine. 
E. Vigouroux passed silicon tetrachloride a number of times over molten silver 
but obtained only silver chloride, no silicide. H. N. Warren obtained an alloy 
by heating a mixture of silver, sodium, and potassium fluosilicate at a high temp, 
lie concluded that silver mutes with silicon only when the latter is in statu nascendi. 
J. Percy said that he could find no sign of combination when crystalline silicon is 
heated in contact with silver; nor did L. Kahlenberg and W. J. Trautmann observe 
any signs of combination. It. Moissau also noted that molten silver dissolves silicon 
and gives it up again on cooling. It therefore follows that the claims of F. Wolder, 
If. N. Warren, (i. J. LI de Chalmot, J. J, Berzelius, F. Stromeyer, dnd C. Winkler 
to have obtained alloys which contained silver silicide are invalid; au conlraire, 
J. Percy, H. Moissan, and E. Vigouroux claimed that silicon and silver do not unite, 
chemically, and they arc probably correct. II. Moissan and F. Siemdns measured 
the solubility of silicon in molten silver at different temp., and expressing the 
results in parts’of silicon, per 100 parts of silver, found : 

' 870” liw 1260" 1470” 

Solubility , . «’22 14'8!l 41-tC 

The silicon is rejected a.s the soln. cools. The results arc plotted in Fig. 8. 


|l; 

□ 




— 


— 1 

I/. 







7 















n 




■ 



ao?* ifioo’* /yitw* 


Tempmturt 



hr cat. silian 


Fro. 8.—Solubility of Silicon in Fio. 8.—Fusion Curves of 

Molton Silver. Au-Si Alloys, 

G. Arrivant found that the liquidus curve of the silicon-silver alloys has two 
branches, one of which starts from the m.p. of silver, and the other flom the m.p. 
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of silicon, 1415“; the two curves intersect at the eutectic temp., about 800°, at a 
point corresponding with about 5 pet cent, of sihcou {vide Fig. 9, 3. 22, 7). The 
solidus 4S a horizontal line passing through the eutectic, ranging from 0 to 90 
pet cent, silicon. No mixed crystals were formed. In the fusions containing 40-60 
per^i^nt. of silicon, a sinaU white pearl is formed on the bluish-grey button of 
.slightly oxidized silver. This is attributed to the increase in vol. of silicon on 
siiHdificaBon; it contains 4<6 per cent, silicon and 94'85 per cent, silver. Xhe 
subject was also studied by W. Manchot aud co-wotkets. 

0. Winkljr * oBtajped alloys of gold with 3 and with 10 pet cent, of silicon. He 
said that the former is ditty yellow, and that the latter is yellowish-grey and 
brittle. Hi N. Warren said that gold in stalu mimnii unites.with silicon much 
iifore readily th'an is the case with silver, and he claimed to liawo made gold silioide 
hv heating gold and sodium with potassium fluosilicatc at a bright red heat, 
hi. Vigouroux could not obtain any evidence of the. fonnittion of a gold silicide 
(' di Capua found gold and silicon to be totally miscible when Ihpiid ; to be nmtually 
insoluble in the solid state; and to foma no compounds. The eutectic. Fig. 9, 
contains about 94 per cent, of gold, and solidifies at 370°. 
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§ 8. The Silicides dt the Calciam rsmily 

K. Wiihlcr' prepared calcium silicidc by hdbting an intimate mixture of dry, 
warm, anhydrous balcium chloride, silicon, and sodium in a crucible brasqued with 
dry sodium chloride, Tim lead-grey crystalline rcgiilus was very impure. Analyses 
varied from , 

Few SI Combined 31 ‘ Ce Me Na Al Fe 

fl(18-8r>'lir) 14ri.5-52-l« O'.'iS 34-si O-n 2-4(! 0-3« 3-35 0-22 3-16 0-30-2-19 

H. MoisSan and W. Dilthcy heated a mixture of equal parts of calcium oxide and 
silicon ill a crucible of retort graphite in an electric arc furnace. The crucible 
was removed from the iirnace as soon as the mass was melted in order to avoid 
forming calcium carbide and silicon carbide. The regiilus contains some calcium 
carbide and silicate as impurities. The product is not satistactory if an excess of 
silicon bo used. (t. J. I.. do (lhalmot made a calcium silicidc by heating silica, 
calcium oxide, and carbon in an electric furnace; R. Frilley, G. Gin, b. Baraduc- 
Muller, and C. 8. Bradley described somewhat similar processes. K. Jiingst and 
R. Mewes heated silicon with caluium chloride or fluoride in an electric furnace. 
T. Goldschmidt, and S. Herrmann heated calcium oxide or carbonate with silicon 
in a crucible at the temp, of molten cast-iron. The calcium oxide is partly reduced 
to form calcium silicide, and part forms a slag: flCaO-j SSi- flGaSi.i-l-daSiOj. 
The reaction can bo satisfactorily conducted in an electric, furnace, and calcium 
chloride or fluoride can be used as a flux. In order to avoid the formation of a 
silicate. La Comiiagiiie Generalo de ri'llectrocliiraic employed calcium carbide in 
place of calcium oxide: CaCL-l 2Si0.2-| 20;-Ca8i..-|-4CO ; and 28i-t-OSO-| (! 
—CaSi24'(''0. A, Burger heated calcium with silica in vacuo. *H. le Chatclier, 
and N. Caro mention the occurrence in commercial calcium carbide of crystals of 
what were considered to bo calcium disiliciilc, CaSi.. None of these processes suflice 
to establish the cxistonco of calcium silicidc as a chemical individual. • 

S. Tainaru prepared alloys of those two elemonta from calcium and silicon fused 
The crncibloB of carbon or porcelain were lined with 
magnesia and (ar, and then fired. The product always 
contained some calcium nitride, and some magnesium. 
Ho found silicon is practically insoluble in calcium at 
900°, but at 990° a reaction occurs. The equilibrium 
diagram is shown in Fig. 10. The evidence shows that 
probably calcium disiUcide, CaSij, is formed, and may 
be anotW silicide. L, WShler and F. Miillor could not 
make this compound directly, but obtained it by heating 
CasSij in a stream of hydrogen at 1000°-1010°; if an 
excess of silicon is present, this reacts with the calcium 
hydride to form more calcium disilicide. L. Wohler and 
0. Bock obtained it from its elements at 1000°-U00° 
in hydrogen. The heat of formation is Ca-(-2Si=CaSig 
-f2087 Cals. 

L. WShler and F. MfiUet also made calcium mono, 
silicide, CaSi, or CagSig, free from the disilicide, by heating a mixture of calcium and 
silicon in atomic proportions or with excess of silicon up to 100 per cent, in a magnesia 
boat in an atm. of carbon dioxide at 1050°. After 15 secs., a violent Wetion takes 


in an atm. of nitrogen. 



Fro. 10.—Portion of KquUi- 
briuin Diagram of Coleivun 
and Silicon. 
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jUce and the mass becomes incandescent. It must then be cooled rapidly. The 
:nass breaks up readily into small, lustrous, metallic leaflets and larger crystals. 
L. Wohler and 0. Bock made it from its elements at 1000°-10r)0“ in an atm. of carbon 
dioxide. The density of the substance, containing a small proportion of uncombined 
8ilis,<lf, is 2'346. By dil. acids it is attacked readily with the evolution of a spon- 
tancouslp inflammable silicon hydride and the formation of hydrated silica; it is 
onty slowly attacked by con*, acids, with evolution of hydrogen and hy coljj water; 
more readily by warm frater and by dil. ammonia. By contrast, the disilicide 
dissolves in hydrifchloric acid with formation of yellow silicone and without pro¬ 
duction of spontaneously inflaimnsdile silicon hydride. When, in the preparation of 
the substance, so large an excess of silicon is used as to prevent the necessary rise 
in temp, during the reaction, a mixture of mono- and di-siliciifes is formed. From 
this it was concluded that the monosilicide is formed endothermically from the 
disilicide. The heat of formation is 2C'a'f2Si~Cii2Sio-ltl(i6'3 Cals., or CaSij 
-((!a=CajSi 2 —13 Cals. • * 

R. Frilley obtained no clear evidcncc»of the formation of definite compounds 
from the sp. gr. curve of the alloys, b. Hackspill made the disilicide bf heating 
to lOCtO"' in vacuo a contjiressed mixture of G grnis. of silicon and 1 grins, of calcium 
filings. 0. llonigschmid said that this silicide is always! produced when calcium 
is heated witli an excess of silicon. 1’. Formhals, and A. Kolb found that when the 
two elements are heated in the projiurtiolis required lor CaSia, some silicon always 
remains uncombined, and a constant product is not obtained. K. Frilley said 
that when calcium oxide is reduced by silicon in the jircsence of carbon, calcium 
carbide is first formed, and this reacts with the silicon, forming calcium silicide. 
The reaction between ferro.silicou and calcium carbide is reversible. He also 
found that the calcium disilicide is obtained when many of the calcium-silicon 
alloys are digested with a boiling dil. soln. of sodium hydroxide. L. Hackspill 
claimed to have made necdle-hke crystals, calcium ditritasilicide, CajSij, by 
heating silicon with a large excess of calcium, say 1 : 4, The sj). gr. was T64 at 
14°. I,. Wohler and F. .4iuller obtained it from its elements at IfXX)"; they gave 
16G'3 for the heat of formation, and said that it yields siiontaneously inflam- 
mabli? silicon hydride when treated with hydrochloric acid. 0. Honigsehmid 
obtained a similUr product. R. Frilley obtained »o definite evidence of the in¬ 
dividuality of this substance. , 

A. Koll>, uufl K. KoimhalM roportod tho formulion of a Kilicide, or C'aijSj,Q, by 

iho atition of aTi ('xcesw 4if calfium on siUoon, Hkty 10 : 'Diey alwo loportod Ctt,Siu to 

)xi foririL'd wJmmi folcium is hi'Otwi with an cxecHS of silicon. 'J’hc analysos of tins substnneo 
<lo not oxoliulo the possibility that iinpuro cali iuui di»ilir id(* in m questionf K. Konnhals 
represented thesp two [irodueta graphicayy: * , 

Ca; Si . Si . Si . Si . Si . Si . Si . Si . Si . Si: Ca Si. Si. Si . Si . Si . Si, Si , Si , Si. Si 

V'\/ ./\/'' /■' •' \/ ^ / 

Ca Ca (.'a Ca Ca Ca Ca Ca (’a Ca (.^iv ('a Ca Ca 

» Ca(Si|0 

Tlio formulte, however, have little meaning so long as their exietonuo as chemical individuals 
is in doubt. . * 

s <• 

The calcium-silicon alloy made by H. Moissan and W. Dilthey is a grey,crystal¬ 
line mass with a sp, gr. approximating 2'5; and with a hardness'liko that of 
quartz. F. Wohler’s alloy decomposed on exposure to ajr, forming plates with a 
metallic lustre and ^pearance, and it decomposed under water. H. Moissan 
and W. DiltheyValloy was fairly stable towards water, and it was decomposed 
but slowly by cold water. G. Tammann studied the electrode potential and 
chemical properties of the calcium-silicon alloys. S. Tamara said that finely divided 
.alloys with 60-91 per cent, of silicon are scarcely afiected by water; while those 
with 38-^2 per cent, are attacked with the development of hydrogen. F. Wohler’s 
alloy was not attacked by heating it to redness in steam. H. Moissan and W. Dil- 
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they’s alloy is not affected when heated to redness in hydrogen ; it is superficially 
oxidized when heated in air; and it is incompletely oxidized when heated in oxygen. 
It readily burns in fluorine ga.H, forming silicon and calcium fluorides; chlorine, 
bromine, and iodine attack it at a dull red heat. F. Wohler’s alloy with cone, 
hydrochloric acid gives off hydrogen copiously ;* dil. sulphuric acid, acetic acid, 
and hydrofluoric acid behave similarly—with the la.st-named acid, the'silicon is 
raipdly bleached and dissolved; with dil. hydrochteric acid, hydrogen is less 
copiously evolved, and translucent, lustrous plates are fdirmed. When the plates 
ate washed, anil dried over sulphuric acid in vacuo, they ijftidi ignite when ait 
is introduced, burning to a mixture of silica and silicon. H. Moissan and W. Dilthey 
obtained silicon-aiwtylene, iSijHj, by treatment with dil. hydrochloric acid; with 
cone, sulphuric acid^gas was feebly evolved; cone, or fuming nitrfe acid oxidizes 
the alloy very slowly. According to E. Wohler and 0. Bock, the disilicide in nitro¬ 
gen at W- IKK)'' fornft CaSiNs; and OaSi^N^. S. Tamatu found that alloys with 
(if) -D! |S'r cent, ol silicxm are but slowly attacki^ by dil. acetic, oxalic, or tartaric 
acid, and likewise with dil. hydrochlcg;ic, nitric, or sulphuric acid, giving off 
hydroged and .sjiontaneotisly inflammable silicon hydride; alloys with 38-62 per 
cent,*silicon are ra|)idly attacked by dil. acetic, oxalic, tartaric, hydrochloric, 
nitric, or sulphuric scid,^;iving off a spontaneously inflammable gas, and forming 
a while powder which dissolves in alkali-lye with the evolution of hydrogen— vide 
silicone. E, Donath and A. Eissner said that sulphur has no action at a red heat, 
while hydrogen aul|ihidc attacks the alloy superficially. F. Wohler found that 
with an aij. soln. of sulphur dioxide and a little hydrochloric acid, no gas is 
evolved, but the alloy is transformed into reddish-brown copper-coloured plates; 
the brown liipiid becomes turbid and there is a separation ol sulphur. When the 
residue which remains when the liiiuid is poured off is dried in vacuo, and extracted 
with carbon disuljihidc, a pale greenish-brown powder remains—uu/c silicone. 

Tlii.s pewiler sjuells of fiydrogeu sulpliiile, and when lieatod detonates ; if very gradually 
heated, hydrogen sulphide w given olT, and when no more gas is evolved, tho product yields 
inoni hydrogen sulphide when treateri with water. Anmionm converts the substance into 
a white nuxture of silica and Hihcun, and hydrogen is at tho same time evolved Analyses 
correspond roughly witii lI|Si,Sj. • 

• . • 

vcrmiliou-reil product is formed with selenium dioxide aud a little hydro¬ 
chloric acid ; and teilurilhu dioxide under similar conditions forms a greyish-black 
product. A. Geuther, and C. Eichel Joiind that when calcium siliciiie is heated in 
nitrogen, calcium nitride is fonueil and silicon separates out. According to 

H. Moksan aigl W. Dilthey, when the calcium-silicon alloy is heated with carbon, 
it forms f alciiim carbide, etc,; it is rapidly d^olved by molten aluminium. The 
alloy containing some aluminium was fouiiil by R. Frilley to be attacked more 
vigorously tho greater the jiroportiuu of aluminium. When the carbon-silicon 
alloy is dissolved by molten iron, it forms iron siliculc. Soln. of alkali hydroxide 
readily decompose the alloy, with the evolution of hydrogen. S. Tamaru said 
that silicon-calcium alloys are not attacked by alkalies and ammonia. E." Wohler 
aud 0. Bijck found that the absorption of nitrogen by heated calcium silicon alloys 

I , " accelerated 'by calcium ohloride and fluoiide, whOe the carbonate and sulphate 

make very little difference. The alloys form ammonia or its equivalent when 
treated' with-water, hydrochloric acid, cone, alkali-lye, or fused alkalies. They 
showed that both calcium silicocyammide, CaSiNj, and calcium silkocyanide, 
Ca(SiN) 2 , arc formed, R. Donath and A. Lisaner found thaj liquid ammonia and 
organic solvents have no action. 8. Tamar found that inoton calcium-silicon 
alloys readily attack porcelain. Calcium-silicon alloy is a strong reducing agent, 
and, according to C. S, Bradley, and T. Goldschmidt, can be used for removing 
sulphur and phosphorus from steel; and, according to W. 8. Anderson, as a, 
deoxidizing agent for iron and steel. * 

C. 8. Brafiey prepared strontilim disilicide, 8rSij, by melting together carbon. 
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silicon, and strontium carbonate or oxide in an electric {omace; E. Jiingst and 
R. Mewes made it by heating silicon with strontium chloride or fluoride in an 
electric* furnace; T. Goldschmidt, by heating strontia and silicon in an electric 
furnace; and E. Frilley, by meeting a mixture of strontium carbide, silica, and 
alutiynium in an electric furnace. The existence of this comimund as a chemical 
individt;^ has not been established. The alloy is white and crystalline. 0. S. Brad¬ 
ley found tliat it decompose water with the evolution of hydrogen ; and yrith dil. 
hydrochloric acid, it gives off a mixture of hydrogen and silicon tetrahydride. 
It is a stroitg redheing agent. C. S. Bradley made what he regarded as barium 
disilicide. BaSi 2 , by a process analogous to that employed for the calcium and 
strontium tlisilicides. The product behaved in a similar waja T. Goldschmidt 
obtained a barium silicide, BaSio, by reducing barium oxide With silicon, but none 
was obtained by L. Kahlenberg and W. J. Trautmann. 0. Hdnigsehmid said that 
barium disilicide is formed when barium is heated with ail excess of silicon, and 
R. Frilley added that the comjmunal is more difficult to make than calcium disilicide. 
T. Goldschmidt made it by heating baryte and silicon as in the case of the corre¬ 
sponding calcium compound. R. Frilley made it by heating a mixture’of silica 
and barium carbide with either carlmii or, better, witli aluminium. Accordibg to 
P. Askenasy and 0. Ponnaz, barium iwroxide and silicon teact very violently when 
the reaction is initiated by means of a fuse. By using coarsely-powdered barium 
peroxide. (50 parts) and silicon (15 parts), a barium silicide with 30 per cent, of 
barium is obtained. The. mixture (with less silicon and a little sodium peroxide) 
may also bi! used to fuse iron or copper, or pow'dered ferro-silicon or litanium 
silicide may be used in ]>lacc, of silicon. E. Jiingst and R. Mewes likewise j)reparcd 
what they regarded as barium bemisilicide, Ba^Si, by the process which they em¬ 
ployed for strontium silicide. The steel-grey mass is decomposed by water and dil. 
hjslrochloric acid, as in the, case of the other alkaline earth silicides. According 
to R, Frilley, it is not attacked by cold chlorine, bromine, or iodine. Soln. of 
bromine or iodine dis.solve it without the development of any gas; hydrofluoric 
and hydrochloric acids attack it vigorously giving off a s]iontancously inflammable 
gas. Nitric, sulphuric, and phosphoric acids behave similarly but less vigorously. 
Acet® acid does not give a spontaneou.sly inflammable gas. A soln. of chromic 
acid behaves lilft a soln. of bromine; and uip amnwmia has ifo action. 


• • 
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§ 9. The suicides of the Magnesium-Zinc FamUy 

Silicon and beryllium arc readily alloyed, add H. Debray' 

Up to 20 per cent, of silicon arc hard and brittle, and can be 
A. .Ditto, said that up to herjiiium had not boea obtuined 
According to 1*. Lebeau, when beryllia is reduced by silictfti in the electric furnace, 
the resulting beryllium silicide is contaminated with silicon carbide. ^ No definite 
compound has been isolated. ^ 

A number of n>agncsiinn silicidos has been reported, but the existence of only 
magnesium hemisiliiide, Mg^Si, has claims to recognition; the othefs are probably 
fnixtures of this silicide with magnesium or silicon; and, according to 0. Hdiiig- 
sohrnid,^ this silicide is'uIway,H formed when the inagncsiiun is heated with silicon 
and when either constitiK'iit is present in excess. ,T. VV. C. Martius noted the occur¬ 
rence ot niagnc.siufn silicide, in a slug obl^ined in the preparation of magnesium. 
F. Wohh^r made thi‘ alloy l>y melting together magiicsiuin chloride, sodium, and 
Hodiuhi fliiosilicate. ffluorspar can be used as a flux. C. Winkler melted sodium fluo- 
silicate with magnesium, ssing sodium chloride as a flux; V. Lebeau and R. Bossuet 
employed a similar process for alloys witli O-lf) per cent, of silicon; and for alloys 
with more silicon, they fused magnesiunt filings, crystalline silicon, and a small 
quantity of potassium ftnosilicate. IJ. Winkler also obtained what he regarded as 
m(ujnmum trifentilatt'ilkidv, MgsSi;^ and the hemisilicide, Mg^Si, by heating the 
constituent elements in a stri'am of hydrogen; but not by melting the two elements 
under sodium cliloride ns a flux. F. Vigouroux, and II. Moissan and S. Smiles 
also obtained the alloys by melting the two elements in the electric furnace. 
J. I’nrkinsoii, and T. L. i*hi])Son first observed the formation of magnesium silicides 
in the reduction of silica by magnesium. C. Winkler, and L. Gattcrmann and 
co-workers heated silica with magnesium: SiO*>-f4Mg=2MgO-l-Mg2Si. The 
preparation of magnesium silicide beat suited for making the silicon hydrides {q.v.) 
has been investigated by A. Geutber, H. Moissan and S. Smiles, and A. Stock and 
C. Somiesky. The last-named workers made the silicide by heating caliined 
silicic acid with twic(f its weight of commercial magnesium powder at as low a 
temp, as ifossible. The nroduct is best if the silica coutains less than one per 
cent, of alkali as impurity; silica free from alkalies reacts with magnesium too 
vigorously, producing a high temp. The jiroduct is not then readily attacked by 
acids. M. L. V. Gayler studied the solubility of the hemisilicide in molten 
aluminium. • 

• 

A. utui C. Somiesky made i/mgacHiura silfoidc by placing lUO grms. of a mixture 
of (*al(ii»)(l precipitated silica with twice its weight of commercial powdered magnesium 
in on iron orueiblo of a litro capacity. The crucible w«a [ilacod in a vessel of cold water. 
The r«'iM;tion wiw •Htartod by a fusee and was over in a fow moments; and a stream 
of hydrogen (washed in Kulphnric acid) was sent from a bomb through a tube in the 
perforated lid of the crucible so that the product cools for half an hour in an'atm. of 
hydrogen. The mass was then broken into coarse fragments not over 0*5 mm. diameter, 
ond the dust whjch passed through a inilliinetro-mesh sieve was rejected. The magnesium 
siheide so pn’parcd has a bluish colour and issmarkedly crystalline. R. Schwarz and 
tJ. Konrad recenmiended working in an atm. of liydrogen, and mechanically separating 
the orystafls of 4lie silicide from tlio mixture. The crude product was freed from magnesium 
by the wtion of ethyl bromide and anhydrous ether. The purified material is a steel-blue 
crystalline powder which cogitains traces of amorphous silicon and iron silicide. 

H. N. Warren prepared ailicou-magnesium alloys by the actibn of magnesium 
on silicon fluoride; K. Seubert and A. Schmidt, by the action of magnesium on 
silicon chloride; and E. Jflngst and R. Mewes, by the action of ailicon on magnesium 
halides in an electrio furnace. T. Goldschmidt made the alloy from magnesia and 
silicon as in the case of calciura-silicou alloys. R. Vogel made a series of alloys 
directly from the elements heated in carbon tubes in an atm. of hydrogen; he found 


said alloys mth 
readily yolimed. 
free from silicon. 
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that the molten alloys strongly attack porcelain and magnesia vessels. The f.p. 
curve, Fig. 11, falls rapidly from the f.p. of silicon to a eutectic at 950° and 42 per 
cent, of magnesium; it then rises to a 
maximum at 1102° and 63'2 per cent, of 
maejesium corresponding with* MgjSi; 
thpre isjl second eutectic at 645° and 96 ^ 

per cent, of magnesium. Wo solid soln. 
were observed. There is hero no evidence 5 
of F. W 6 hl(jf’s mignesium triletritasilicide, i; 

Mg 4 Si 3 , or of C. Winkler’s tr^cntita- 
silicide. According to P. Lebeau and tS; 

B. Bossuet, under the microscope, polished 
surfaces (i) of an alloy containing 0-38 per 

cent, of silicon, show grains of magnesium 0 zo -w x 
surrounded by a eutectic, but no caystals of Per cent. Mg • 

the silicide; (ii) in alloys containing 6-8 per kio. 1 1, -EquiUb. ium Di«M«n ot 
cent, ot silicon, well-defined crystals of the Msgucsium-Siliron .MIoj*. 

silicide appear in the midst of a eutectic • 

very rich in magnesium; (iii) that an alloy containing 40 per cent, of silicon contains 
that element mainly as crystals of the free silicon; and (iv) crystals of free silicon in 
alloys containing silicide and a eutectic dilfering from the former and containing more 
than 50 per cent, of that element. The pure silicide cannot be isolated by treating 
the alloys with any aq. reagent, owing to the decomposing action of water, but the 
magnesium is dissolved away from an alloy containing 25 per cent, of silicon by 
means of ethyl iodide and ether, leaving brilliant, slate-blue, octahedral crystals 
of magnesium hemisUicide, the analysis of which corresponds accurately with the 
formula Mg^Si. P. Lebeau and P.. Bossuet found that the glistening octahedral 
crystals of magnesium hemisilicide arc slate-blue in reflected light, and in thin 
layers, by reflected light, they have a reddish tinge. E. A. Owen and G. 1). Preston 
found that the X-radiogram corresponds with a face-centred cube lattice of silicon 
atoms of side 6-391 A., .symmetrically intermoshed with a simple cube lattice of 
magifhsium atoms of side 319 A. There are eight magnesium atoms situated within 
each face-ccntr!d cube of silicon atoms, dividing ilie four diagonals in the ratio 
1 :3 and 3;1. The sp. gr. from X-ray data is l'95-|-0-0,5 grms. per c.c. The 
magnesium atoms are separated by the same distance as in the pure metal; and 
the sum of tlfe so-called radii of the silicon *nd magnesium atoms is equal to the 
distance between these atoms in the compound. The sp. gr. is about 2; and the 
hardness between that of fluorspar and orthoclase. The m.p., said R. Vogel, is 
1102°. A. M. Portevin and P. Chewenard studied the expansion which accurs on 
heating magnesium-silicon alloys, and found a contraction at about 350° due to 
the gradual dissolution of magnesium hemisilicide, and conversely an expansion 
on cooling below that temp. P. Schiibel gave 0'2320 for the sp. ht. of Mg 2 Si between 
18° and.298°; and 0-2445 between 18° and 630°, The alloys arc not attacked by 
atm. air. P. Lebeau and R. Bossuet found that the alloys are easily oxidized and 
give sparks by friction against a hard substance in air. When heated between 


1100 ° and 1200 ° in hydrogen or in vaedb, the compound is resolved into its elementfc 
The heat developed by the vigorous combustion which occurs when heated ig oxygen 
is sufficient to fuse the magnesium silicate which is formed. The com'J)ound slowly 
decomposes water at ordinary temp, giving hydrogen,but no silicon hydride. 
Cold hydrochloric acid attacks the alloy vigorously, forming hydrogen and spon¬ 
taneously inflammable silicon hydride, P. Lebeau said the gas contains 
silicomethanc, silicoethane, and a little silicoethene. For the solid product, vide 
silane. 


According to A. Geuther, when magnesium silicide is treated with hydrofluoric 
acid, hydrogen is evolved. R. Vogel said that the alloy is slowly attacked by 
cone, sulphurid or nitric acid, but the attack is rapid -with the dil. acids, and hydrogen 
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i» evolved P. liclwau and R. Bosauet found the alloy to be a strong reducing agent. 
A. Geuther found that magnesium nitride and free silicon “ 
the alloy at a high tcmi), in nitrogen, »'i4 ^at a g 0 

chloride acta slowly ™ the alloy: f 

-f~ 8 NH:j-i- 6 If 2 . The alloy in not attacked by a cold or Jiot aq. soJn. Ol pota^fS um 
hydroxide. (3. Tammana studif'd the electrode potential and chemical Iproperfies 
ofiho rpagnesiiim-silicon alloys. * 

No 2anc silidde has been isolated. According to H. St.*0. Deville and H. Caron,^ 
silicon dissolves in molten zinc, and all but a little separates ,frdbi th^ soln. during 
solidification. Similar results were obtained liy 0. Winkler, and E. Vigouroux. 
W. Manehot and H. Funk studied tliis subject. H. Moissan and F. Sievnens found 
the solubility inereiises rapidly with rise of temp.; and that tlio solubility in 100 
parts of zinc, is: 


Sokibilily 


. m" 
OOH 


or.o’ 

0-16 


730“ 

0-57 


800“ 

0'<J2 


W. Sander and K. 1^ Meissner Studif'd the ternary system, Zn-Mg-Si. 
W. Franlcol found that when a mixture of zinc sulphide and carbon is heated in a 
quartz vessel to KKMf -HOO^ in an atm. of nitrogen, a volatile product is obtained, 
containing zinc, carbon,sulphur, which reacts witli the silica of the enclosing 
vessel. The product is also volatile, an«l eorresponds approximately with the com* 
jiosition zinc sulphosilicide, ZnSSi. Using a carbon lining to the tube, the vapour 
nevertheless penetrates to thf* quartz, and introduces silicon into the mixture. 
The same compound is also obtained by heating zinc sulphide to 130()^ with silicon. 
It condenses to hard, brown crusts. With acids the sulphur is evolved quanti¬ 
tatively as hydrogen sulphide, and with aq. alkalies, hydrogen is evolved. It may 
bo polished like a metal, and is microscopically homogeneous. The electrical 
conductivity is less than that of silicon. 

No cadmium silicide has been prepared, nor has the action of silicon on cadmium 
been studied. C. Winkler did not observe any signs of the formation of a mercury 
silicide when mercury and silicon are heated in a sealed tube to 10(J° or to 300°; 
nor do the two elements unite when allowed to stand in contact under a dil. soln. 
of sodium hydroxide. He utilized this property to separate aluminium from silicon. 
H. N. Warren obtaiAod no silfcide by the action of mercury on Heated potassium 
lluosilicate. A little silyon amalgam is fornn^d when an alcoholic soln. of silicon 
fluoride is electrolyzed with a niercurj' cathode. Silicon remains when the mercury 
is flistillcfl off. L. Kalilenberg and W. J. Trautmann observed no formation of an 
alloy when mercuric oxide is rediicf'd by silicon at a high temp. 
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§ 10. The SiJiddes o! the Alnminium and Rare llarth Families 

• 

For boron silicide, vide silicon boride. No aluminium silicide has l>ecu j^olnted; 
dans tons les cas, said E. Vigour8ux, il u a simpletnent dusolution du silwon dans 
Valuminium; if a third element be present, however, a complex silicide may be 
formed. H. St. C. Deville ^ stated that: « 

Any ailicpoua iimtenal ii» conlaot with aluinininin at a liigli ^nup. is always doeompoaed ; 
and if tbo metal is inexi-oss there is formed an alloy ora combination of Hiliconandalummium 
in wltich the two bodies may 1 h' united in almost any proportions. tJhwH, clay, and the 
earth of CTueihles act in Ihw M'ay. However, aluminium may ho molted in glassware or 
eartlu'ii cnioihlcs without the least contamination of the metal if tlioro is no contaert l>etwoen 
tho metal and the material; the aliuninium will not wet the crucible if put into it alone. 
However, the moment that a flux facilitates immediate contact (ov<*n sodium (dilorido 
does this), the reaction begins to take place, and the metal obtaiiunl is always more or 
less siliceous. It is for this reason that 1 have prescribed in ineltuig aluminium not to odd 
any kind of flux, even when the flux would not l>o attacked by the inetal. 

H. St. C. Dovillo obtained aluminium charged with 10-3 per rent, of silicon. 
In preparing aluminium, F. Wohler obtain(‘d globules of what he regarded as 
aluminium silicide eontaining crystals of silicon, and which, when treated with 
acids, gave hydrogen and silicon hydride. F. Wohler treated potassium fluosilicate 
with* aluminium, and obtained an alloy with about 70 per cent, of silicon. 
C. F. Rammellberg reduced cryolite with sodiutn in a fforcclain crucible, and 
obtained an alloy which when treated with hydrochlorii;^ acid showed the presence 
of combined and free silicon. The former changed partly into silica, and partly 
into gaseous Silicon tetrahydride ; while the latter remained as a black residue of 
grapbitoidal silicon. 

Silicon as . . . . . SiOj S1H< Froo 

Percent. 1-8.5 9-.%') 0-58 0-74 0-ft 0-17 

C. Winkler obtained an alloy with 69 34 per cent, of silicon by reducing a mixture 
of cryolite and quartz with aluminium. J. H. J. Bagger described the production 
of the alloy by reducing the oxides with carbon in the electric furnace. A. Minet 
prepared the alloy by the electrolysis of a fused mixture of swlium chloride and 
sodium fluoaluminatc mixed with alumina and silica. R. Frillcy used a similar 
process; and ho also electrolyzed a fu8ed mixture of sodium and potassium fluorides, 
silica, and cryolite; and also added silica to the fused mixture omiJoyed for 
preparing aluminium. E. Donath and A. Lissm^ dissolved calcibm silicide in 
molten aluminium, and found that some alqminium silicide was formed which gave 
spontaneously inflammable silicon hydride when treated with an acid. E. Kobn- 
Abrest found that when aluminium is heated in a porcelain boat at 1100” in a vacuum 
the metal is rapidly volatilized at first, but, after some hours, the loss in weight from 
•this cause becomes negligible. After prolonged heating, the residue is found to 
be coa^d with a yellow film, consisting of an alloy of aluminium and silicon. The 
same results are obtained when boats of pure graphite are employed, but only when 
these are coiAained in a porcelain tube. The conclusion drawn is that aluminium 
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vap. attacks tic porcelain, liberating silicon, which is absorbed by the molten 
aluminium. The porcelain tubes employed are found to be coated internally with 

a black civstalline deposit, having the composition otetmum hemwteife, AlgSi, 

is said to have been isolated. R. Frilley, L. D, Hooper, and E.W obtained 
aluminium hemi.silicidc by heating chins clay m an arc furnace T. Goldsc(pidt 
reduced silica hy olimiiuium in the thermite process, although H. Wfm ?nd 
H.JL FAlis could not obtain a silicide by reducing silita by powdered aluminium ; 
R. *Frilley reduced silica by aluminium in the electric iurnace and obtained an 
alloy with 30-1)6 per cent, silicon. L. Baradiic-Muller heated, ft) 1700°, a mixture 
of one mol of shiiuina with 3 raols of silicgn carbide along with lime and 
magnesia asiluxes.and obtained aluminium-silicon alloys. J. J. Curran examined 
the influence of sodium on these alloys; M. L. V. Gayler and co-workers, alloys 
of aluminium, ningnc.siuni, copper, and silicon; and W. Sander and K. L. Meissner, 
alloys of magnesium, idnc, aluminium, and silicon. A binary alloy of aluminium 
and abiwit II) per cent, of silicon is called .rduuiju. It was studied by G. Masing. 
T. B, L. Cain, and Z, Jeffries made some, observations on these alloys. 

Bor letirnc, it was thought that the alloy prepared by II. St. C. Deville by the 
actioF. of silicon tetrachloride on aluminium at a red heat was aluminium hemisiUcide, 
AljSi, an<l that the s]iecir 4 ien pre|)arcd by C. Winkler was ahiminium trihmisilicide, 
AIjSij, but the conclusion was based merely on the analyses. The observation 
of F. Wiihler and H. Buff that the alloy furnished silicon hydride when treated 
with hydrochloric acid 8np[iort,ed the view that a true comjiound is formed ; and 
this is confirmed by Ct F. Itammel.sberg's observation— vide swpra. E. Vigouroux, 
and K. Frilley failed in the attempt to niiikv aluminium and silicon unite directly; 
on the other liand, added E. Vigouroux, if the materials are impure, or if metallic 
oxides he present, silicoaluuiinidos of iron, nickel, cob.alt, chromium, molybdenum, 
tungsten, uranium, manganese, vanadium, and 
titaniimi arc readily produced. W. Frankel 
found that molten silicon and aluminium are 
miscible in all proportions, but they do not 
enter into chemical combination. The f.p. 
curve consists of two branches, Fig. I?; the 
I'ntcctic ndxturc contains atfcut 10 per cent, 
of silicon, and solidifies at 670°. Whether 
mi.xod crystals arc formed could not be satis¬ 
factorily determined; if they exist, those rich 
in aluminium do not contain more than 0‘5 
per cent, of silicon, and those rich in the 
latter eloTient not more than 2 per cent, of 
aluminium, A. M. I’ortevin studied the struc¬ 
ture of the eutectic; and the changes in vol. 
cooling. W. Manchot and co-workers 
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Aluininium-Stlifon Alloys. 


moaaurwi llic solubility of silicon in aluminium; K. H. Dix and A. J. Lyon, and 
H. Scliirmcister, the tensile strength of the alloys. C. E. Roberts confirmed the 
observatkms of W. Eraukel; and H. Sutt-on described these alloys. J. Czochralsky 
oalled an alloy with 11-14 per cent, silicon Ulutnin and alpax; these other alloys 
have beiyi deseribod by J. B. Edwards and R. S. Archer, L. Guillet, J. J. Curran, 
R. E. ^archj'ete. According to R. Frilley, alloys with up to 10 per cent, of silicon 
are a little greyer than aljiminium alone. The alloys work well. Alloys with 10-20 
per cent, of silicon arc first rous and crystalline, more fusible than ajuminiuin alone— 
vidfi Fig. 12. The alloys with up to 15 per cent, of silicon can be forged. Alloys 
with 20' 38 per cent, of silicon are markedly crystalline, and they readily fracture ; 
they have u bluish tinge. Crystals of silicon aiipear with alloys with over 38 per 
cent, of that element. Alloys with 40-55 per cent, of silicon have a nmtrix of 
anastomosed crystals. ^ Alloys with oviir 55 per cent, of silicon look like silkm 
fondu fused silicon. E. Wetzel found aluminium may have 0‘5 per bent, of silicon 
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in solid soln. at ordinary temp., and one per cent, at 550°. 
X-radiograms of the alloys. The sp. gr. of the alloys are: 


186 

E. C. Bain studied the 


Perceht. Si . . 10 20 30 47-5 64 85'2 9'65 

Sp.gr. . . . 2-52 ^2-60 2-45 2-44 2-40 2-36 2-37 

ThiXIp. g{. curve shows no singularities, and there is no evidence of the formation 
of definite silicides when silicon and aluminium are fused together; D. R. Tullis 
also studied the sp. gr. o£ these alloys. The physical properties have been*8tudfcd 
by J. D. Edwards^nd co'-workers, 1). Basch and M. F. Sayre, L. Guillet, etc. The 
alloys are completely soluble in fused alkali hydroxides and carbonates, and in hot 
cone. soln. of alkali hydroxides. Hydrochloric acid attacks the alloys vigorously, 
and a deposit a,palogou8 to silicone is formed (g.u.); hydrofluojib acid behaves like 
hydrochloric acid; sulphuric acid readily attacks the alloy; nitric acid, hot or 
cold, attacks the alloys very slowly; and a mixture of nitriijand hydrofluoric acids 
dissolves the alloys vigorously. , 

U. Frilloy meltod in un oloctric furnuco i^inixtun> of duk-iuni MilicifJe witli rtluniuiium 
imiiig cryoliU) or fluorspar as a fliix. Hu tliiis obtained crystalline alloys corr#ponding 
with caiclum trisllicodialuminide, CaAlgt)!,, and ealelum frlsilicotetraluminida, Ca^IgSi,. 
Hydrofluoric or hydrochloric acid attacks tho alloys vigorously, devidoping sjHnitanoously 
inHanimablo silicon hydride, and leaving as a I'esiduo grapliitiiidal silicon. V. Fuss, and 
R. Frilloy likowim* obtained alloys representing magnsslum sIliCOalumlDlde. A. IJif. Portovin 
and P. Cliovonard stuflied tho vol. changes wiUt alloys of miigiiosiuni, aluminium and silicon. 
V. Fuss, and H. E. Dix and A. J. Lyon studied tho physical properties of tho ternary 
alloys silicon-coppcr-uluminium; Daniels, Al-Si-AIg alloys; V. Fuss, tho ternary alloys 
Si-Al-ilg, Si-Al-Fe, and Si-Al-Ni ; and W. Sander and K. L. Meissner, the ternary alloys 
Zn-Mg-Si; AlMg-Si; and .Al-Zn*-Si; and quutarnary alloys Si-Al-Zn-Mg. L. Gnillot 
invest igHtod the binary, tomaiy, and quatomary alloys of alumininrn, copper, silicon, and 
inagnosiuni. 


8. Tainaru - found that tliallium and silicon aro praHisch milcinander 

nicht )nischhar. This is shown l)y f.p. curve, Fig. 13. There is no sign of the 
formation of a di‘finito//f4'////an/ aHicidr. F.UIlik 
clectroIy/A'd cerium fluoride and obtained a 
black powder which was regarded as cerium 
siheide because tlie analysis corresponded 
witli It #v’as not investigated further. 

J. Sterba }»reparod cerium disUicide, €eSi 2 , 
by heating cerium oxide and silicon in an 
electric furna(i^‘. It forms small crystals witji 
a steely lustre; the density at 17° is 5’()7. 

It is only slowly ac(.(*d on by water; hydrogen 
i.s without action on it. Fluorine aijts in the 
cold on it, chlorine, bromine, or iodiim only 
after heating. When heated to redness, 
it burns in oxygen with a vivid incan¬ 
descence, and when heated in boiling sulphur 
or selenium, it burns. Hydrogen chloride acts on it at a red heat. Soln. of 
hydrochloric and hydrofluoric acids attack it with evolution of jtydrogen. 
Hydrogen sulphide and water are attacked at a red heat. Aq. soln. of alk^' 
hydroxides and ammonia do not react with it in the cold. Only a portion of 
the thermal diagram has been (‘xplorod by J^. Ouillet, and K. Vc^el. •This is 
indicated in Fig. 12, 6. 38, 10. There is a maximum on the curve corresponding 
with cerium silicide, feSi, of m.p. 1500°. This forms an eutectic with silicon. The 
eutectic is at I25(f° with 46 per cent. Si. 



Flu. 1.1.—Freezing-point Curves of 
Mixtures of Thallinm and Silicon. 
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§ 11. The suicides of the Titanium and Tin Families 

For the mrlmt sillcidc..^, v'ule silicon carbides, L. Levy ^ treated titanium 
tetrachloride with silicoti and obtained arborescent crystals of titnnium *heini-' 
silicidei TuSi, which*were noUcloaer i!ive.stigatcd. H. Moissan dfbtained a silicido 
by heating a mixture of silicon and titanic oxide in the electric arc furnace. 
L. Baraduc-Muller heated a mixture of titanic oxide, silicon carbide, and carbon 
with a mixture of lime and magnesia m a flux. V. Askenasy and C. Ponnaz obtained 
what they regarded as titanium trihemisilicide, Ti.Siy, by heating the constituents 
in an electric <urnace. ^ 0. Honigsehmid made titanium disiiiClde, TiSio, by heating 
in a fireclay crucible a mi.xture of 200 grmst powdered aluminium, 250 grms. of 
sulphur; 180 grms. of Hue sand, and either 15 grms. of titanic oxide or 40 grms. 
of twtassium fluotitanate, covering all with a thin layer of powdered magnesium, 
and igniting with a tliermite pastille. Titanium disilicido crystallizes in small, 
iron-grey, tetragonal jiyramids, having a hardness of 4-5 and a sp. gr. 4'Q2 at 22'*. 
It oxidizes with difficulty, but burns in chlorine at below a red heat. It is insoluble 
in mineral acids excepting hydrofluoric acid, but dissolves slowly in 10 per cent. 
jM)ta8sium hydroxide soln. Fused potassidm hydroxide reacts vigorously with it 
at a re^heat, but potassium hydrogen sulphate is without action under these con¬ 
ditions! H.^oissan said titanium silicide is as hard as the diamond ; and G. Gin 
recommended its use fry cutting and polishing gem-stones. P. Askenasy and 
C. Ponnaz’s product behaves like silicon towards barium tdioxide —vide barium 
silicide. 

^ E. Wedekind - prepared crystals of zirconium silicide by reducing zirconia with 
alioon in the electric furnace. 0. Honigsehmid prepared rirconinm disilicidf, 
ZrSig, by a method similar to that employed for titanium disilicide— 
and al^ by heating a mixture of potassium fluozirconate and fluosilicate and 
aluminium. The compound crystallizes in small, iron-grey, rhombid columns with 
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a motallic lustre, b hardness approximating to that of felspar, and a sp. gr. of 
i'88 at 22°. It is stable in the air, but burns vigorously when its powder is heated 
on platinum foil. It is not attacked by mineral acids with the exception of hydro¬ 
fluoric acid, which readily dissolves it, hydrogen being evolved; a 10 per cent, 
pot^ura or sodium hydroxide ilbln. is without action on it, as also is potassium 
hydroggn'sulphate at a red heat. It is decomposed by fusion with potassium 
hydroxide. According to K. Wedekind, zirconium silicide is readily obtained, in 
the colloidal state. 

E. Wedekind itnd K. Fetzer * found that a mixture of thoria and silicon in the 
electric arc furnace gave a silicidi^ which was washed with hydrochloric acid, and 
then with a 2 per cent. soln. of potassium hydroxide to remoge the uncombined 
silicon. The nt.p. is very high, and the product is decomposed by eonc. alkali-lye. 
0. Honigsehmid prepared thorium disilicide, ThSiij, by heating in an electric furnace 
a mixture of thoria and silicon; a mixture of aluminium? silicon, and thorium ; 
or by the interaction of a mixturcgif the double fluoride of thorium and potassium, 
potassium silicofluoridc, and aluminium ^ 1200°, and purified the products from 
free aluminium and silicon by treatment with pota.ssium carbonate *>ln. It 
forms quadratic plates resembling graphite in colour, has a sp. gr. 7 % at IfiTj and 
when heated combines readily with the halogens, oxyg*n, sulphur,-selenium, or 
hydrogen chloride, but it is not attacked by hydrogen at a red heat. It is soluble 
in aq. soln. of the mineral acids, is not attacked by sohi. of the alkali hydroxides, 
but is decomposed on fusion with sodium or potassium hydroxides. For analysis, 
the compound was dissolved in aqua regia or in a mixture of hydrofluoric and 
nitric acids, or decomposed by fusing with moist sodium hydroxide. 

,T. J. Berzelius * observed that when tin and silicon are melted before the blow¬ 
pipe, a ductile alloy is formed, which, when treated with acids, produces some 
silica. C. Winkler said that silicon can be alloyed with tin. Alloys with 2-3 per cent, 
silicon were said to ho white, and not very 
malleable ; alloys with 10 per cent, silicon 
were greyish-white and brittle. Warm hydro¬ 
chloric acid difisolves the tin, and leaves the 
silicon partly free and partly as silica. 

E. Vigonroux’said that alloys of tin are 
only mixtures, and contain no lin silicide. 

H. N. Warren obtained crystals of silicon by 
dissolving ths amorphous element in moltwi 
tin, and cooling the soln. S. Tamaru found 
that molten silicon and tin are miscible in all 
proportions, and, on cooling, pufc silicon 
separates, the eutectic being practically pure 
tin. The f.p. curve. Fig. li, falls very slowly until about 80 per cent, tin is 
reached, and then very rapidly. L. Kahlenberg and W. J. Trautmann observed 
no formation of tin silicide. 

As in the case of tin, .1. J. Berzelius found that silicon dissolves in lead melted 
before the blowpipe, and forms a malleable alloy or compound. H. N. Warren 
also said that a brittle lead silicide is termed when lead oxide is heated with silicon. 
H. St. C. Deville and H. Caron could not get the two elements to form^n alloy. 
C. Winkler could not get an alloy at a red heat when the two elemente were heated 
under a layer of cryolite. The silicon floated on the njoltcn lead. He observed 
no signs of the formation of a lead silicide. A similar observation was made by 
L. Kahlenberg afid W. .T. Trautmann. E. Vigouroux observed that no dissolution 
of silicon in molten lead occurs at 1200°. H. Moissan and F. Siemens found that 
ailicon eommences to dissolve appreciably in lead at about 1260°, and that the 
solubility in 100 parts of lead is as follows: 

1250“ 1S30’ 1400“ 1460“ 15W 

SolubUity . . 002S 0-070 O-ISO 0-210 0-790 
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Flo. 14.—Kquilibrium Diagram of 
Alloys of Tbi and SihTon. 
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The Bolubaity thus increases rapidly with rise of temp. The subject was studied by 
W. Manchot and H. Funk, A. M. Portevin, and L. Baraduc-Muller rnthont obtammg 
any lead silicide. S. Tamaru found that the cooling curves of different aUoys aU 
show two arrests, one corresponding with the f.p. of silicon (1385 ), and the other 
with the f.p. of lead (327°). This corresponds with the separation of th^^lm 
into two layers near the temp, of solidification. Silicon behaves simljg^ly yuth 
tip ADcJ with thalUum. 
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§ 18. The suicides of the Vanadium and Chromium FamUies 

J. J. Berzelius' observed no sign of the formation of phosphorus stliciJe or 
sUkm phosphide when phosphorus vapour is passed over red-hot silicon. 
0. P. Watts failed to prepare phosphorus silicide by reducing a mixture of.phos- 
phoric acid and silica with carjion in the electric furnace ; also hji using copper or 
copper silicide as a flux; and also by the action of phosphor tin on silicon. 
C. Winkler found that sibcon does not unite directly with arsenic either hy heating 
silicon with arsenic, or arsenic vap,; nor is ans. nic silicide or silicon arsenide 
formed when silicon is heated with arsine. The silicide was not formed by melting 
quartz, arsenje, alumininni, and cryolite. Arsenic pentasilicide, or silicon 
pentilarsptide, AsSij, il however, said to be (prmed, mixed with arsenic dihydridc 
when zinc silicoarsenido is treated with hydrochloric acid. It was freed from 
arsenic hydride by heating in a current of hydrogen; from zinc (and iron) by 
boiling with nitric acid; and from silica by a soln, of potaasium hydroxide. The 
dark grey powder consists of microscopic needles; it can be heated in air without 
losing arsenic ; acids alone, or aqua regia, are. without action; boiling potash-lye 
attacks it very slowly, but molten alkali hydroxides or carbonates rapidly form 
^jkali siheato and arsenate. Complex sUicsarsemdes were made by heating the 
metals with arsenic and silicon under cryolite and sodium chloride as fluxes. Thus, 
C. Winkler made nnc sUiooarsenide in this way. The product gave off arsine 
when treated with hydrochloric acid and, as indicated above, left a residue of 
arsenic hydride end silicide. E. Vigouroux conld get ao,antm(my silicide, or 
silicon anlimonide, by the action of antimony on silicon in thA electric furnace. 
B. S. WiUiams found that molten antimony and silicon arc completely miscible, 
and on cooling they form two series of mixed crystals extending respectively froip 
0-0'3 and from 99-100 per cent, of silicon, Fig. 15; there is no eviijcnce of 
chemical combination. L. Kahlonberg observed that no silicide is formed when 
antimonious oxide is reduced by silicon. E. Vigouroux found that molten bismnth 
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Fig. Id.—Equilibrium Diagram^f 
Alloys of Bismuth and Silicon. 


Fig. 16. Tho two elements form a scries of mixed crystals with 0-0'8 per cent, 
of silicon. L. Kalilenbcrg and VV. J. Tftiutmann observed no silicide is formed 
when bismuth oxide is reduced by silicon. 

According to J. S. W. Johnston,“ if vanadium pentoxide in a carbon crucible 
be heated with siheon to a high temp., a reddish-grey, metallic mass resembling 
bismuth is obtained. It conducted electricity very well. H. E. Koscoe suggested 
that the product was vanadium silicide. II. Moissan and A. Holt prepared vanadium 
disilicide, VSij, by heatmg an intimate mixture of vanadium trioxide with a little 
more than five times its weight of silicon for about 2 mins, in an electric arc furnace, 
and treating tho residue successively with potassium hydroxide soln. and cone, 
nitric or sulphuric acid. It can also be obtained by reducing a mixture of silicon 
and vanadium trioxide with magnesium ; and J. Miyer and U. Backa obtained it 
by herfting a mixture of vanadium pentoxide, silicon, and fluorspar. According to 
H. Moissan and A. Holt, it fonns brilliant prismatic crystals which have a metallic 
lustre and a sp. gr. of 4 42, scratch glass, and melt and volatilize in tho electric fur¬ 
nace. Alkalies and acids, with the exception of hydrofluoric acid, have no action on 


it, but it burns in fluorine, chlorine, or bromine when heated. Iodine vapour, 

oxygen, sulphur, and hydrogen sulphide attack it very slowly 

at the m.p. of glass, but hydrogen chloride converts it into , i,-xieP \—— 

silicochloroforra and vanadium chloride. Fused alkali {> _„ 

hydroxides decompose the silicide ; tho action of fused ^ rj l 

metals depends on whether they combine more readily | (SOeP 
with silicon or with vanadium. Copper, for example, idelds j moi 1 

copper silicide and a copper vanadium alloy. H. Oiebel- ( 5 ; , 

hausen found that mixtures of the two elements give 
a eutectic melting at 1411°, Fig. 17. The maximum on Per tent li 

the curve corresponds with VSiu, whith furnishes needle- 17—Fusion Curves* 
like crystals, melting at 1655°, and harder than silicon, of the Bioaiy System: 

No solid soln. between silicon and the disilicide were 8 i-V. 


observed. H. Moissan and A. Holt also made vanadioio 
hemisiUcide, V 28 i, (i) J>y heating a mixture of 120 parts of vanadium trioxide and 
14 parts of silicon in the electric arc furnace ; (ii) by tho action of silicon on vanadium 
carbide, namely, by heating a mixture of vanadium trioxide, silicon, and carbon for 
44 mins. in the arc furnace; and (iii) by beating a mixture of vanadium trioxide, 
silicon, ^d copper in the electric arc furnace. The hemisiUcide is obtained in 
brilliant prismatic crystals which have a metaUie lustre and a sp. gr. of 6'48 at 17°. 
It fuses at a timp. above the m.p. of the disiUcide, and it is insoluble in water. 
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alcohol, ether, or benzene. Fluorine does not attack it in the cold, with chlorine 
at a red heat, it gives vanadium tetrachloride and silicon tetrachloride, and with 
bromine, vanadium tribromide and silicon hexabromide. It is attacked only 
superficially by water, sulphur, or hydrogen sulp|^ide at a high temp., and ammonia 
has no action on it. It burns when heated in hydrogen chloride. When^,used 
with an excess of silicon, it gives the disilicide. It is decomposed by moltjjpisodi.um 
0 / copper, but is hardly affected by silver. Ilydrobhloric, nitric, and sulphuric 
acids do not attack it, but a mixture of mtric acid with luther of the others dissolves 
it, and it is easily attacked by hydrotinoric acid, even in dil. soln. It js also decom¬ 
posed by fused pota.ssiuiu hydroxide or a mketure of potassium carbonate and 
nitrate. 0. Honiftschmid prepared tantalum disilicide, TaSi^, by a method similar 
to that employed hTr titanium silicide. It forms iron-grey four-sided prismsiaving 
a metallic lustre rcseijdding that of molybdenum disilicide. The sp. gr. is 8*83 
at 0°., The compound is oxidized when heated in oxyg(m; reacts with fluorine 
only when heated; also reacts with chloriim wkien heated, but not with bromine; 
it dissolycs in hydrofluoric acid ; it is ims^lubh* in mineral acids including aqua regia; 
it is^oluble in a mixture of nitri(! and hydrotluorie acids; it is not decomposed by 
potassium hydrosulphate at a red heat ; and it is readily decomposed by fused 
alkali hydroxides. * 

H. N. Warren^ prepared'a chromium silicide by heating white hot a mixture 
of chromic oxide with an excess of gra|dutoidal silicon. It was (iasily attacked by 
hydrofluoric acid. A. Ditte and II. Moissan noted that the two elements unite 
directly at a high temp. 1 ’. Lebeati and J. Figueras stated that when a small 
quantity of silicon is melted with a mixture of chromium and copiM'r, and the result¬ 
ing button is digested with nitric acid, prismatic crystals of chromium tritasilicide. 
Or 381 , remain; with a larger proportion of silii’on, lozcngrs-shaired, facetted crystals 
of chromium hcmisilicido, 0 r.j 8 i, are formed; with a still larger proportion of silicon, 
chromium ditritasilicidc, tVaSi^, is formed ; anil finally, with the silicon in excess, 
chroiidum disilicide, CrSi.^, is produced. R. Walter made the alloy directly from 
the elements. R. Frilley maile the alloys by heating chromic oxide with silicon 
carbide, or a mixture of chromic oxide, silicon, and carbon; L. Baradttc-Muller 
used a mixture of chromic oxide, silicon carbide, and carbon. 11. Moissaif noted 
that chromium readily takes sBicon from its surioundings- e.;/. tliB materials of the 
crucible; and A. Burget likewise found it to occur when chromic oxide is reduced 
by calcium in glass or porcelain vessels. 

R. Frilley found alloys with up tiBIII per cent, of silicon are malfte, white, com¬ 
pact, and hard; they have cavities Itiied with iieedlo-hkc crystals. Alloys with 10- 
25 per cent, of silicon are dull and grey ; they disintegrate easily, and crystallization 
is not well defined. Alloys with 25-71) per «'nt. silicon are well crystallized with 
cavities lined with crystals ; the crystals with alloys up to 30 per cent, of silicon 
are acicular, those rvith 35-50 per cent, silicon are prismatic, jirobably rhombic; 
and with over 50 per cent, of silicon the prisms are replaced by fine needles. Alloys 
with over 50 per cent, silicon look like fused silicon. M. Francois and C. Lormand 
examined the structure of the crystals. The following arc selected from R. Frilley’s 
table of Sp. gr., sp. vol, and mol. vol.: ^ 

"percent. Si . 0 10*2t 23*21 '3S*00 M*00 61 91 70*10 80*12 100 

Sp. gr.,‘. 6*60 0*50 5*62 5*38 4*83 3*49 3*10 2*66 2*40 

Sp. vol. . 0*161 0*163 0*178 0*180 0-207 0*286 0*322 0*381 0*416 

Mol. vol.. 7*87 . 7*36 7*72 7*68 7*24 0*47 10*49 11*18 11*66 

He says that points of inflexion on the sp. gr. carve correspond with CrjSi, CrSij, 
and a compound chromium silicuk, CrSi, which has not been isolated ; there are 
also singularities corresponding with CrsSi, CrsSis, and chromium trihemisilicide, 
CrjSis ; the sp. vol. curve shows singularities corresponding with CrsSi, CzjSi, CrSi, 
Crisis, CrSij, and chromium heptahemisilicide, CroSi;; and the mol. vol. jurve has 
singularities corresponding with CrjSi, CrjSi, CrSij, and OrjSiy. The trihemisilicide 
was isolated by L. Kahlenberg and W. J. Trautmann. R. Frilley skid that all the 
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chromiuni-silicon alloys dissolve when fused with alkali hydroxides, carbonates, 
and nitrates, and in fused sodiuin dioxide. Soln. of the allmli hydroxides, cold or 
hot, are iwithout action; likewise also nitric and sulphuric acids. Hydrochloric 
acid in the cold rapidly attacks alloys with 20- 50 jicr cent, silicon, and is without 
action on the other alloys; hydrofluoric acid behaves similarly but acts more 
vigoSisly' aqua regia acts irregularly on alloys with up to 50 per cent, silicon, 
ana is wilhout action on the others; while a mixture of nitric and hydrpfluosic 
acids easily dissolves thesedtlloys. P. Lebeau and J. Figiicras add that the chromium 
silicides are not analogous to those of manganese, iron, cobalt, and nickel. 

Q. J. L. de Chalmot prepared^chromium disilicide, CrSij, by heating in an 
electric arc furnace a mixture of chromic oxide, charcoal, and aa excess of silica ; 
and P. Lebeau bnd J. Figueras, by molting copper, chromiunf, and an excess of 
silicon, G. J. L. de Chalmot stated that the grey needle-like crystals have a 
metallic lustre ; and sp. gr. 4 393. The compound is not attacked by cold hydro¬ 
chloric acid or aqua regia; it is solqble in hydrofluoric acid, and in consequeifbe the 
admixed free silicon can be determined. • P. Lebeau and J. Figueras prepared 
chromium ditritasilicide, CrjSij, by heating in an electric arc furnace for^ mins, 
a mixture of 100 grins, of 12 per cent, cuprosilicon, and 4 grms. of chromium,*and 
washing the product alternately with 50 per cent, nitris acid, and dil. sodium 
hydroxide. L. Baradue-Mullcr made it by heating a mixture of chromic oxide, 
silicon carbide, and carbon. E. Vigourotx passed silicon tetrachloride over pul¬ 
verized chromium at 1200°, and obtained this silicide as a crystalline grey jiowder. 
P. Lebeau and J. Figueras said that this silicide crystallizes in long, quadratic 
prisms, has a sp. gr. 5'6 at 0°, abrades glass, but not quartz, and is stable in moist 
or dry air at the ordinary teniji., but oxidizes superficially at 1100°. The silicide 
becomes incandescent when placed in chlorine at 400°, forming silicon and chromic 
chlorides: it reacts slowly with bromine at a red heat, but is not acted on by 
iodine. It is insoluble in dil. hydrochloric acid, but chroinous -chloride is formed 
by solii. of the silicide in the warm cone, acid or by the, action of gaseous hydrogen 
chloride. It is attacked by hydrofluoric but not by sulphuric or nitric acid. Fused 
potassium chlorate or nitrate does not attack the silicide, but it is converted by 
fused *lkali carbonates into the silicate and chromium sesquioxide, and by fused 
mixtures of alkali carbonates and nitrates into the silicate and’chromate. 

H. Moissan obtained cbiomium hamisUlcide, Cr^Si, heating a mixture of 
silicon and carbon to 1200° in a stream of hydrogen or in a carbon crucible in the 
electric arc furaacc ; and also by heating in the arc furnace a mixture of 60 parts 
of silica, 200 of chromic oxide, and 70 of sugar-charcoal. In each case the product 
was washed with cold hydrofluoric acid; some silicon carbide was always present 
as impurity. P. Lebeau and J. Figiaeras made it by melting together a mixture 
of 78-22 parts of copper, 12 04 of chromium, and 8-92 of silicon, and treating the 
product alternately with nitric acid and a dil. soln. of sodium hydroxide. According 
to H. Moissan, the small prismatic crystals readily scratch quartz and corundum ; 
at a red heat, the compound readily burns in chlorine gas; hydrogen chloride 
transforms it into silicon and chromium chlorides; nitric acid has no action ; aqua 
regia decomposes the silicide; molten potassium carbonate attacks it slowly, molten 
potassium nitrate quickly, forming in 8ach case silicate and chromate. Accord-* 
ing to C. Zcttel, when a mixture of 140 parts copper and 140 parte of aluminium is 
melted in a fire-clay crucible and 200 parts of chromic oxide, previously strongly 
heated, is added gradually, and after strongly heating dor some time a small 
quantity of aluminiunx filings, there is a very energetic action. The metallic ingot 
obtained on cooling contains crystals of a chlOI&aill tritasilicide, SiCrj, which 
is separated from the metal by the action of aqua regia. C. Matignon and 
1^ Trannoy heated a mixture of chromic oxide, silica, and aluminium, and found 
the sUici^e separated easily from the alumina slag. L. Baraduc-Muller also made 
this silicide ; and P. Lebeau and J. Figueras made the same compound by melting 
together 84-32*B5-63 parts of copper, 10-83-12’83 of chromium, and r24-4'36 
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of silicon, sad troating the product alternately with nitric acid and a of 

sodium hydroxide. Grey prisinaHc crystals remain. According to C. Zettel, the 
sp. gr. of the crystals is 6-52 at 18“; they scratch glass; they are decomposed by 
coid aq. hydrofluoric acid, but are not afiected by other acids; they are readily 
attacked by chlorine and bromine at a red heat, by molten potassium chlsrate, 
and by a molten mixture of potassium carbonate and nitrate; but fused‘pata'ssijmi 
hydroxide attacks the silicide slowly. ‘ _ 

H. N. Warren ^ prepared molybdenum silicide by heating a mixture of the 
oxide and silicon in an oxy-hydrogen blowpipe furnace. The 6 rysttijlin 0 mass so 
obtained was very hard ; it is decomposed by (hydrofluoric acid, and by chlorine 
at a red heat; but other acids act on this silicide very slowly. R. Walter made 
the alloy directly f»om the elements. H. Moissan obtained a crystalline silicide 
by heating the constituent elements in the electric arc furnace; and L. Baraduc- 
Muller, by heating at" 1720“ for 10 mins., a mixture of 2 mols of molybdic 
oxide,'one mol of silicon carbide, and 3 gram-atoms of carbon, using a mixture of 
lime and magnesia as a flux. According to E. Vigouroux, molybdenum trihemi- 
silioide.'Mo.^Sij, is obtained by heating, in a carbon crucible in the electric furnace, 
a mixture of crystallized silicon and the molybdenmn oxides obtained by calcining 
ammonium molybdate ;< the, crystalline product is disintegrated by electrolysis 
in hydrochloric acid, and the mixture of crystalline silicidcs is treated successively 
with aqua regia, caustic jiotash, and hydrolluoric acid; the removal of carbon silicide 
is effected by means of cadmium tungstate soln., and the residue consists of 
molybdenum silicide mixed with more or less iron silicide. When heated in chlorine 
at 300°, molybdenum silicide becomes ignited, silicon tetrachloride and molybdenum 
perchloride being produced. 0. P. Watts prepared molybdenum disilicide, 
MoSij, by fusing in an eh'ctric furnace a mixture of 70 Jiarts of molybdic oxide, 
30 of silica, 00 of boric oxide., 100 of copper, and 120 of aluminium, using cryolite 
as a flux, and lime to .slow down the reaction ; he also made it from molybdenite, 
silica, and calcium carbide. In either case the product was successively treated 
with nitric acid, and dil. hydrofluoric acid. The resulting dark-coloured crystals 
contained a little boron and iron. 0. Honigsehmid used a mixture of 10 parts of 
molybdic oxide, 90 of quartz sand, 100 of aluminium filings, and 125 of flowers 
of sulphur. E. DefaCqz fused a mixture of 90 parts of 50 per cent^cuprosilicon free 
from iron, and 10 parts o^inolybdcuum for about 1 J mins, in an electric arc furnace ; 
the product was successively treated with nitric acid, dil. sodium hydroxide, hydro¬ 
chloric acid, and hydrolluoric acid (on» water-bath), and water. Thc'non-magnetic, 
grey, microcrystalline plates had a sp. gr. 6'2 at 0“; 0. Honigsehmid gave 5'88 at 
0°; and 0. P.'Watts, 9'31 at 20’6°. E. Defacqz said that the silicide is not altered 
by heatitlg in a blowpipe flame and, according to 0. Honigsehmid, it is not affected 
by heating to redness in o.xygen. E. Defacqz said that it is not attacked by hydro¬ 
fluoric, hydrochloric, nitric, and sulphuric acids, by aqua regia, or by fused hydro- 
sulphates. 0. Honigsehmid found a mixture of hydrofluoric and nitric acids attacks 
the silicide vigorously; and fluorine also acts vigorously at ordinary temp.; 
E. Defacqz said that it is acted on by chlorine at 350“-4(X)“, giving siUcon chloride 
and molybdenum pontachloride ; 0. Honigsehmid said that bromine has scarcely 
*ny action at a red heat. E. Defacqz found that the silicide is attacked by aqua 
regia cpirtainiug hydrofluoric acid at the temp, of the water-bath, giving molybdic 
acid; and 6 y fused alkali hydroxides or carbonates, or a mixture of these with 
alkali nitrates or chlorates. 

H. N. Warren ® prepared tungsten silicide by the same precesg as that employed 
for molybdenum silicide. The product is haider than molybdenum silicide, and 
its behaviour towards acids and chlorine is similar. H. Moissan also found that 
silicon unites directly with tungsten in the electric arc'fuinace. E. Walter made 
alloys directly from the elements. The British Thomson-Houston Co. made the 
alloys by heating mixtures of tungstic and silicic acids and magnesium. K. Frilley 
said that the general methods of preparing tungsten silicides include (i) The 
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redaction of tungstic oxide by a mixture of silicon and carbon; (ii) Redaction of 
tungstic oxide by silicon carbide; (iii) Reduction of a mixture of silica by carbon 
and tungsten ; (iv) Fusion of a mixture of tungsten and 92 pet cent, fcrrosilicon ; 
and (v) The reduction of tungstic oxide in tbe electric furnace by an aluminium 
allo&wlth 94 per cent, silicon. He said that alloys with 5-10 per cent, of silicon 
ar^ ina*ti(f, yellow, and fuse with difficulty. AUoys with lCt-20 per cent, of 
silicon are steel-grey, and are hard enough to scratch glass and agate. ^ Alloys 
with 20-40 iwr cent, silicon are more fusible, and easily split into thin plates. 
Alloys with 10-60*per cent, silicon arc granular and have a bluish tinge. Alloys 
with 60 per cent, silicon look like fcised silicon. The sp. gr., sp. vol., and mol. vol. 
are selected from R. Frilley's table : ♦ 

I’^roent. Si . ’ . 0 10 10 20 00 .ll-SS 38-38 * (il OO lOO OO 

Sp. gr. . 18-7 13-35 10-08 8-70 7 07 3-99 2 -10 

Sp. vol. . . . 0-054 0-075 0-091 0-115 0-141 0 251 0-418 

Mol. vol. . . 9-84 8-82 8-23 7-77 8-30 10-5 14-6 

The singularities in the sp. gr. curve arcd;akeu to show the existence of the two 
silicides, W^Sia, and WSij. The singularities in the sp. vol. curve correspJhd with 
the same silicides; and those in the inol. vol. curve with the hemi- and frita- 
silicides hut not with WjSia. The alloys are attacked onljr superficially by hydro¬ 
fluoric acid, but they readily dissolve in a mixture of hydrofluoric anil nitric acids. 
Hydrochloric, nitric, and sulphuric acidif are without action. Aqua regia attacks 
iin[)erfectly alloys with less than 18 per cent, silicon, and has no action on alloys 
with more silicon. Alloys with 18-35 per cent, of silicon are attacked only 
with difficulty by fused mixtures of alkali carbonates and nitrates, but alloys with 
more .silicon readily dissolve in fused alkali carbonates. Alloys with up to 18 per 
cent, silicon oxidise superficially on exposure to air, but alloys with more silicon 
are not attacked at 1200°. Chlorine attacks the alloys at a red heat; bromine 
and iodine have no action at 300“. 

K. Vigouroux prepared tungsten tribsmisilicide, WjSis, by heating in the electric 
furnace a mixture of 1(K) grins, of silicon with 230 grms. of tungsten oxide obtained 
by heating ammonium tungstate. The heavy, brittle, crystalline product is 
suspeialed in dil. hydrochloric acid (1 in 10), and connected with the positive pole 
of a battery of two or three cells, a carbon plate plaead in the liquid being connected 
with the negative pole. The metal dissolves, and the silicide, which collects at 
the bottom of the vessel, is treated successively with aq’ua regia, ammonia, and 
hydrofluoric acid, and any carbon silicide thatsnay be jiresent is separated by means 
of methylene iodide. This silicide forms steel-grey ])Iate8 with a metallic lustre ; 
the sp. gr. is lO’!!. It is attacked by chlorine, w-ith incandescence between 200° and 
300“; by bromine, without incandescence, below a red heat, and by iodine,"without 
incandescence, above a red heat. In oxygen, it burns very brilliantly at about 
600°, and in air it oxidizes below a red heat, but does not bum ; nitrogen is without 
action at any temp. The ordinary aeids, including hydrofluoric, have no action 
even on heating. Aqua regia is practically without action, but a mixture of nitric 
and hydrofluoric acids attacks the sUicide violently, even at ordinary temp. 
Alkalies in soln. have little action, but fused alkali hydroxides and carbonates 
decompose the silicide. very readily, whilst fused potassium nitrate acts with some • 
what less energy. E. Defacqz prepared tungsten duUicide, WSi^, by ^eating 
copper silicide with amorphous tungsten in an electric arc furnace ind washing 
the roeulting product successively with nitric acid, sodiuip hydroxide soln., warm 
hydrofluoric acid, and water. The crystals having a lower sp. gr. than 34 
(principally carbon silicide) were eliminated by washing with methylene iodide. 
The same product may also be obtained by reducing a mixture of silica and tungstk 
aghydridc with sulphur and aluminium, the crystals being isolated from the button 
producei^ by the method already described, nitric acid being replaced by hydro¬ 
chloric. 0. Honigsehmid employed a similar process. This silicide is dimorphous, 
for when prepared by the second method it occurs in brilliant, bright, grey, prismatic 
voL VI. o 
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needles, but when obtained from copper silicide it forms mass^^ of brilliant, grey 
crystals. The sp. gr. is 9 4 at 0", 0 . Honigsohmid gave 9-3 at 0 . The compound 
is not magnetic, and remains unaltered at 900“ in air, is decomposed by copper at 
1200 “, forming copper silicide and tungsten, and is not affected by sulphuric acid or 
aqua regia, but is attacked by a mixture of hydrofluoric and nitric acids, yu*|dmg 
tungstic anhydride as a residue. Fused alkali hydroxides or carbonatesgiconyert 
if into^tho alkali silicate and tungstate, but melted potassium hydrogen sulphate 
is without action. Dry chlorine attacks the silicide easSy at about 450°, yielding 
a mixture of silicon tetrachloride and tungsten hexachloride,* and. this reaction 
can be utilized for the analysis of the compound# According to K. Frilley, tungsten 
tritasiiicide, WSi^, is obtained by reducing silica by carbon in the'presence of 
molten tungsten. The resulting alloy is powdered to pass a lOO’s sieve, washed wdh 
cone, hydrofluoric aej^d to remove ferrosilicon, with a hot cone. soln. of sodium 
hydroxide to dissolve graphitoidal silicon, and with dil. hydrofluoric acid to remove 
silica.* The small white crystals arc attacked hy clilorine at a red heat; they are 
not attjf-cked by hydrofluoric, hydrochlc^ic, nitric, or sulpliuric acid ; but a mixture 
of qitric and hydrofluoric acids attacks it vigorously. Molten sodium hydroxide 
attacks it slowly. A. Paez de.scribed the use of alloys of tungsten with 1-3 per 
cent, of silicon as filamAits for incandescent eh^ctric lamps. 

E. Defacqz prepared uranium disilicide, USi 2 , from a mixture of 250 parts 
aluminium, 250 of sulphur, 180 of silica* and 56 of uranium oxide. The mixture 
after ignition and cooling was treated successively with hot 10 per cent, hydro¬ 
chloric acid, and dil. sodium hydroxide; then with cone, hydrochloric acid, and 
hot nitric acid to eliminate any uranium-aluminium alloy; and finally, with dil. 
sodium hydroxide, dil. hydrochloric acid, and water. The pale grey microscopic 
crystals belong to the cubic system; and they have a sp. gr. of 8 at 0°. Chlorine 
attacks this silicide at 500°, giving the chlorides of uranium and silicon. Cold 
hydrogen fluoride dissolves it readily, whilst oxidizing agents have little action. 
Although stable in air at a red heat, it burns slowly in oxygen at 800°, and is 
decomposed on fusion with alkalies, alkali carbonates, or potassium hydrosulphate. 
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§ 13. The suicides ot Uanganese and of the Iron Fanul; 
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Mauganeso ailicide was made by C. Brunner * by reducing manganese oxide 
witlyjarbon in the |irosence of silita ; the regulus contained 6-8 jn'r cent, of silicon. 
The manganese prepared by C. Brunner by reducing the halide with sodium always 
contained over one per cent, of silicon, and if the reduction occurred in the jjrescBce 
of silica ot potassium fludsilicate, the product contained nearly 10 per cent, silicon. 
F. Wohler made tfsilicidc by heating manganous tiuoride, cryolite, water-glass, and 
sodium covered with a mixture ^ sodium and potassium chlorides in a fireclay 
crucible; by melting a mixture of sodium fluonianganite, Hugrspar, water-glass, 
and sodium ; or a mixture of manganous chloride, iiuorspar, pJtassium fluosilicate, 
and sodium; or a mixture of manganous chloride, quartz sand, cryolite, and 
sodium. H. N. Warren heated manganese, oxide and silicon to a white heat; 

Matignon and R. Trannoy used ^le thermite jirocess with a mixture of manganese 
oxide, silica, and aluminium ; and L. Troc*t and B. Hautefeuille found the elements 
unite directly at a high temp. R. Walter used a similar process. E. T. Price 
smelted electrically a mixture of manganese, silicon, and carbon. According to 
P. Lebeau, commercial manganese obtained by tln^ thermite process contains 
manganese silicide, and commercial manganese ailicide is a mixture of Mn. 2 Si and 
MnSi with a little iron and silicon carbide; and a trace of calcium. M. A, Sanfourche 
studied the htiiiting range of silicon in these alloys. 

According to R. Frillcy, alloys with 2-10 per cent, of silicon are lustrotis and 
grey, those with 8 per cent, have the ajipearance of a mass of steel-grey, prismatic 
crystals. Alloys with 10 .31) ]ier cent, of silicon are whiter and more lu.strou8, 
anil the crystals increase in the alloys with up to 25 jier cent, of silicon and form 
large confused masses. Alloys with .30-45 jier cent,, of silicon are grey and 
matte, and spontaneou.sly break up into jiowder. Alloys with 46-00 per cent, of 
silicon are very lustrous, and resemble ferrosilicon with SO per cent. Si. Alloys 
with over 50 jier cent, silicon ajipear like masses of crystalline silicon. The sp. gr., 
sp. vol., and mol. vol. of a selection from R. Frilley’s table are : 

I'er eefll. ,Si 0 8 S 20 18 33 I>U 4S'28 ,5mi8 82-70 lOO'OO 

Sp. gr. Vtn (> I7 5-80 ,-)-3ft t-W 3-02 2-74 2-40 

.Sp. vol. 0-13,7 0-102 0-172 0 181 0-216 0-27(1 0-30,6 0-416 

■Mol. vol. , 7-43 8-21 7 92 7-,63 8-21 8103 11-17 11(111 


The sp. gr. curve shows singularities corresponding with MiioSi, MnSi.^, MiiSi, and 
maiifium'si; jKnIdasilicide, Mn^Si. 3'he sp. 

vol. curve shows singularities correspond- ^ 

ing with iVliiSi, MnSij, but not Mi\Si; - . ' - . -, 

and with the mol. vol, curve there arc .jwu° - - - .. it.. 

singularities with JInsSi, MnSi, and ‘ _ _ _ / _ 

MiiSij, but not Mn^Si. The alloys are / 

all brittle, and fracture easily. L. Bara- ^-/• 

duc-Muller studied their cocfl. of expan- g ' - V- 

sion ; and F. Diirinckel, their m.p. The A I -'-i-k- -y-..- 

f.p. curve. Fig, 18, shows two maximal ^ 'n I. A A __ * 

21-3 and 33-8 per cent, by weight (d , 'i'‘ 

siUcon respectively, corresponding with ~ '5 * * 

the composition of the compounds MnjSi - -- --- 

and MnSi, as well as three eutectic points /fiO(A —I—LLLI———— —— 

at 1075“ and 11 per cent., at 1239° and " * 

30 per cent,, and at 11,35° with 50 per 

cgnt. by weight of silicon respectively. Fm. 18.—Equilibrium Diagram of 
Betwccn,50 and 100 per cent, by weight anganeae- 1 con oys. 

of silicon, microscopic observations indicate the presence of a third compound, the 
crystals of which are characterized by fine parallel markings, but its composition 
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could not be dctcimined by thermal analysis owing to the slight alteration in the 
m.p. of the alloy with change of cone, from 4^-60 per cent, silicon. The com¬ 
pound in question cannot be MnSL, which would contain 50'8 per cent, of silicon, 
whereas crystals of the hitter element can be defected in alloys containing only 50 
pet cent, of silicon. P. Lebeau by treating the alloys with various solvent^ and 
analysing the residues, has arrived at the conclusion that three con^ipshds of 
inhngaiiesc and silicon exist, the respective formulas of which are MnjSi, MnSi, and 
MnSij. From alloys containing 0-10 per cent, of silicon,' mixed crystals separate. 
L. Troost and I’. Hautefeuille studied the heats of formation'of the manganese 
silicides. E. Wedekind showed that unlike many other manganese compounds, the 
silicides are always non-magnetic. 0. Tammann measured the electrodfe potentials. 

R. Frilley founci that alloys low in silicon are oxidized in moist air at a red h(^t, 
being covered hy me iieUicule irme ; those with over 30 per cent, silicon are not 
oxidized at KXXI". Chlorine, bromine, and iodine readily attack the alloys at a 
red heat. Hydrochloric aiid easily dissolves in the cold, alloys with up to 20 per 
cent, sjjicon; with more siliciterous ^loys the attack becomes feebler, and is 
supqfticial and scarcely jierceptible with alloys having over 45 per cent, silicon. 
Hydrofluoric acid alone dissolves in the cohl all alloys with up to 50 i)er cent, 
silicon ; the residue contains a little carbon present as impurity; the attack with 
alloys having over .50 per cent, silicon is only partial, and a residue of graphitoidal 
silicon remains. A mixture of nitric ancf hydrofluoric acids readily dissolves these 
alloys. (!onc. or dil., hot or cold sulphuric arid is without action; nitric acid 
partially attacks alloys with leas than 20 per cent, silicon, and is without action 
on more siliciferuus alloys. Mangane.se-silicon alloys are readily attacked by 
fused alkali hydroxides or carbonates, or better a mixture of alkali carbonate and 
nitrate. Dil. aq. solu. of alkali hydroxides slowly attack all alloys with over 
20 per cent, of silicon, and with a prolonged action, the residue has nearly 20 per 
cent, silicon. W. .Icngc studied the action of soln. of chlorides, bromides, iociides, 
nitrati's, sulphates, sodiuiir hydroxide, sulphuric acid, and hydrochloric acid on 
manganese silicides. He found that oidy MnSi.^ was non-resistant to acids, and 
all the silicides were resistant to sodium hydroxide. 

P. Lebeau made manganese hemisilicide, Mm^Si, by heating in a covered Aarbon 
crucible in an electric furiiacS, a mixture of 10 grins, of crystifllinc silicon, and 
100 grins, of cupromanganese with 22'35 per cent. Mn. The reguliis was treated 
alternately with 50 per cent, nitric acid, and a 10 per cent. aq. soln. of sodium 
hydroxide ; he also heated to redneJs a mixture of sodium (184 j)rfrta),_potassium 
fluosilicate (2114 parts), manganese oxide (92 |iarta MnjOi), and copper (100 parts). 

E. Vigouroux prepared the same silicide (i) by heating silicon with nine times its 
weight of manganese in the electric furnaett and treating the product flrst with 
water, then with dil. hydrochloric acid, and hnally, and rapidly, with dil. hydro¬ 
fluoric acid; or (ii) by heating in the electric furnace a mixture of 1 part of silica, 

3 parts of manganoso-manganic oxide, and one part of sugar-carbon, and treating 
the product as above; or better, (iii) by heating silicon with 4 or 5 times its weight 
of manganoso-manganic oxide in a porcelain dish m an atm. of dry hydrogen up 
to the sbftoning point of porcelain; (iv) bjr firing a mixture of silica, manganese 
"oxide, and aluminium, and allowing the flux to cool very slowly, a brittle mass is 
obtaiiusl w))ich, after extraction with dil. hydrochloric acid and then with dil. 
hydrofluoric, acid, consists of crystals of the manganese hemisilicide, Mn«Si, which 
is decomposed by the action of warm hydrochloric or nitric acid, and in this respect 
differs from P. Lebeau's compound of the same composition! Attempts to prepare 
a silicide containing a higher proportion of manganese than the one described above 
were not successful. Manganese hemisilicide, said E. Vigouroux, furnishes well- 
defined crystals lustrous and steel-grey; it is hard and brittle; its sp. gr.=6’6 
at 15°. P. Lebeau gave 6’20 at 15°. According to E. Vigouroux, it does not alter 
when exposed to air, and melts at the temp, of the reverberatory furnace. Fluorine 
attacks it at the ordinary temp., chlorine at about 500°, and iodiilc and bromine 
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at higter temp. ; oxygen and air attack it at a red heat. Dry hydrogen fluoride 
decomposea it readily, especially if gently heated, hydrogen chloride below a red 
heat, and hydrogen iodide at higher temp.; water is without action at 100°, but at 
a red heat decomposes the 8ilicid% with liberation of hydrogen. Dil. acids attack 
it rosily, and cone, acids, especially hydrofluoric acid, are violent in their action ; 
anai). s dn'. of potassium hydroxide is without effect, but the solid substance attacks 
the finely powdered silicijle when heated with it, and fused alkali carborartes *or 
mixtures of carbonate and nitrate oxidise it readily. M. Wunder and B. Jeanneret 
found tliat hat phosphoric acid of sp. gr. 1’75 diasolves manganese silicide, forming 
a clear liquid. • 

A. Carnflt and E. Goutal found that when commercial manganese is dissolved 
in'dil. sulphuric acid with the exclusion of air, an amorphous powder, jirobably 
manganese silicide, MnSi, remains. P. Lebeau prepared (his compound by the 
process employed for the hemisilieide using 25 grms. of silicon to 100 grins. j){ the 
ciipromanganese in the one process,%nd 100 grms. of sodium, 215 grms, of potassium 
fluosilicate, 23 grms. of manganese oxidet and 50 grms. of copper in thg other. 
I’his silicide furnishes lustrous tetrahedral crystals of sp. gr. 5'90 at 15°; they 
scratch topaz, but not corundum. Steam, and oxygen at 1000°, oxidize the silicide 
only superficially; it is readily attacked by the halogen!; the hydrogen halides 
attack it easily; boiling hydrochloric pcid attacks it superficially; hydrogen 
sulphide has no action at 800°; nitric acid and sulphuric acid, hot or cold, dil. or 
cone., do not attack the silicide ; carbon at a high temp, forms silicon carbide and 
manganese; and silicon forms the higher silicide. G. J. L. do Chalmot prepared 
an impure manganese disilicide, MnSio, by melting together manganese oxide (6 
parts), wood charcoal (15 parts), quartz (40 parts), and calcium oxide (15 jiarts) in 
an electric furnace. P. Lebi'au employed the same jirocess in the case of the hemi- 
silicide, but using 14-9 ])cr cent, of copper, 80 43 of silicon, and 3 25 of manganese. 
The disilicide forms small, dark grey, apparently octahedral crystals having a 
density 5'24 at 13°; it is not attacked by nitric or sulphuric acid, but is readily 
soluble in hydrofluoric acid and quickly decomposed by cone.' aq. soln. of alkali- 
hydroxjdes. 

AeeorUnii' to (/•Clin, when rliodonite is reduced in the slet-trit! ftimace a cpystalline alloy 
of siheon mtd matiaanese is ohtainod and its analysis indicates that it contains 95 fior cent, 
of cryatallinc manganese ditrltasliicfde, Mii/Si,, which forms beilhant, prismatic crystals, 
somotiinos .'icms. long ; the sp. gr. isft-05at I5‘',andthom.p. 12.W‘’-13(K)\ Thocompouud 
is attacked by clilorino with incandescence at a roddicat ; it is not changed by oxygon at the 
ordinary temp., but is siipi'rficially oxidized at 500 '; and it is readily attackod by 
the gasi'mis halogen acids, by nitric or hydrochloric acid or aqua regia, or diy fused alkali 
carbonates or mixtures of carbonates and nitrates, whilst sulphurio acid has no atdion on 
the coinpuimd. P. Lclioau questions thi^xistcnco of this silicide as a chemical intlividual. 

Near the beginning of the last century, H. Davy it found that an iron wire 
heated electrically to whiteness in contact with silica slightly moistened, and in 
hydrogen gas, becomes brittle and whiter, and furnishes silica when dissolved in 
acids. H. Davy here obtained a soln. of silicon in iron. .T. J. Berzelius also 
obtained an analogous produet by heating siliea and carbon in the prosence of 
irijn, He later heated to whiteness admixture of jiotassium fluosilicate and iron* 
filings, and washed the iron and potassium fluorides with hot water. The resulting 
iron silicide dissolves in acids—even in hydrofluosilicic acid. E, D. CWrke cxjiosed 
silica in contact with iron in a charcoal crucible to the oxy-hydrogen blowpipe flame 
and also obtained a sijn. of silicon in iron, or of iron in sUicon. 0. Hack] found 
ferrosilicon in confmercial calcium carbide, J. B. J. D, Boussingault fused iron 
in a fireclay crucible and obtained an alloy with 0 54 per cent, of silicon—pre- 
siynably derived from siliceous materials of the crucible. He said that the alloy 
was morq difficult to file and to hammer than iron without the silicon. H. St. 
C. Deville and H. Caron prepared alloys of iron and silicon, and said that a kind 
of si1icon-8teel-*-/ontc sUiciee —is produced which has many properties in common 
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with the ordinary carbon-stoel. C. Winkler confirmed this result without isolating 
any definite compound. H. Moiasan found that if a cylinder of soft^iron be 
embedded in crystals of silicon, and heated at the temp, of a good forge, the silicon 
penetrates to the centre of the cylinders although the iron does not fuse, and a 
silicide is formed. This i.s taken to show that silicon has a distinct vap. ^^ress. 
below its m.p. P. Celieau found that the combination occurs even at 980", and 
says tTlb' process rc8(unltles the cementation of iron,by carbon. L. Grenet, 
1’. Lebeaii, J. E. .Stead, H. Moissan, and R. T. Haslam amj L. E. Carlsmith 
studied the cementation of silicon in steel; and H. G. C. Eairweathsr, the alloys 
of silicon, chromium, and mangane.se, ® 

Iron-silicon alhtys are made commercially and used as a means of ‘introducing 
specified proportions of .silicon into steel, but mainly as a deoxidizer. The alloys 
were formerly made, in a blast furnace, and contained about 14 per cent, of 
silicoiir- the maximum was about 20 per cent. To-day, the alloys are made in 
electric furnaces, with a content 2b 80, 45-55, afiil 75-80 ]icr cent, silicon, and even 
with 9(4-per cent, silicon. K. Donath" and M. Haissig recommend the term 
fetrotilicon be used for iron-silicon alloys with more than 5 per cent, silicon; 
W. Pick and W. Gonrad have discussed this subject. A, Ledebur says that the 
term Siiiziunu’.isen should be used for iron alloyed with small proportions of silicon, 
and Ferrosiliziim for iron alloyed with .high proportions of silicon. The name 
Jertonlicine. was suggested by (!. U. Hhejiard for a meteoritic iron--iron, 84'00 per 
cent, silicon, 1.8'57 per cent, - found at Rutherford (North Carolina). ,J. W. Mallet 
suggested that iron silicide was containecl in the iron from Staunton (Virginia), 
and C. Winkler likewise found iron silicide -possibly Fe»Si- in the iron from 
Ritteragriin (Saxony). 

According to H. Walter, the reaction between iron and silicon begins at about 
1250°, and owing to the rapid development of heat, the temp, rises to about 1800°. 
Kerrosilicon is made commercially in several grades determined by the jiroportiou 
of silicon. The analyses in Table 1 are, selected from the report of ,8. M, Gopeman, 
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’8. R. Bennett, and H. W. Hake. The blast furnace product had 0 06 per cent, 
arsenic,-anddhe iron was determined by difference. In general, the charge consists 
of a mixture of steel turnings, anthracite coal, and quartz. The proportion of 
iron is determined by the desired percentage of silicon in the ultimate product. 
The mixture is shovelled into the electric resistance furnafe, ^nd replenished as 
often as room is afiorded by the melting of that already in the furnace. The molten 

alloy is removed from the bottom of the furnace by periodical tapping_say every 

45 mins.—and rim into a bed of sand, and the surface of the molten ingot is skimmed 
with a piece of green-wood to remove the slag. When the alloy has coaled it is 
broken into pieces, and packed lor transport. The furnace is circular and’built 
of firebrick, with one vertical graphite cathode suspended over the mouth of the 
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furnace, and the anode forms a portion of the floor. The anode is made by ramming 
prepared retort carbon or graphite into an opening in the floor of the furnace. 
Arrangements are made for raising or lowering the vertical electrode as desired. 
The temp, of the furnace approxi^iates 2000'’. The process is continuous, and the 
furnMes may be run for over a year without stopping. The electrodes are some- 
timp^.'stdr-cooled and they are renewed every few days. In one furnace, a ton 
of 30 per cent, ferrosilicon required 3500 kilowatt hours; and in another ^flO hq). 
were needed per ton of 30-per cent, ferrosilicon. The impurities in the final product 
are detcrmiiisd by the impurities present in the raw materials. There are many 
modifications in detail. • 

A large number of patents has been registered—by J. Holloway, E. A. 0. Viel, 
H: Aschermann, B. Scheid, G. Gin, L. d’E. Muller and L. H. Baraduc-Muller, 
C. A. Keller, E. Straub, M. F. Matt, H. N. Fotter, E. F. Price, F. J. Tone, F. Laur, 
K. A. Kuhne, E. JUngst and K. Mewes, A. Sinding-LarSen, M. von Schwarz, 
V. C. Bertholus, C. H. Homan, F. i. Tone, W. Conrad, W. Pick, R. Amberg,'ctc.— 
for the preparation of ferrosilicon. 0. J. h. de Chalmot used a mixture of iron ore, 
sand, and coke; H. Aschermann used a mixture of iron sulphide and quartz: 
FeS-i-SiOa^^SOa+FcSi; W. Rathenau used a mixture of lime, anthracite, silica, 
and iron, and obtained both calcium carbide and ferrosilicon. W. Borchers and 
A. Dorsemagen heated ferruginous zinc blende, quartz, iron, and coke in a closed 
electric furnace and collected the zinc "simultaneously given off. G. Gin used 
barium sulphate, ferric oxide, quartz, and carbon; and represented the reactions 
BaS 04 -|.Sil) 2 -i-C =BaSi 03 +S 02 +C 0 ; and BaSi 03 +Fc., 0 ,f 5 C= Fe^Si+BaO 
|- 5 C(). E. A. 0. Viel and M. Jeantet fused a mixture of clay with iron in an 
electric furnace. 

suicides with Fe : Si --3 : 1 , 2 ; 1, 5 : 2, 3 : 2, 3 : 4, 1:1, 1:2, and 1 : 3 have 
been reported. Iron tritasilicide, FcsSi, has not been isolated, and it does not 
appear on W. Guertler and G. Tammann’s diagram. Fig. 18; its existence has 
not been well-established. T. Naske assumed that ferrosilicon made in the 
bla,st furnace contained the tritasilicide which he isolated by treatment with dil. 
sulphuric acid. A. Carriot ami E. Goutal found that siliciferoua spiegeleisen, with 
20 percent, manganese, contained manganese iron Irilasilkide, (Mn, Fc) 3 Si, which 
they isolated by treatment with dil. sulphuric acid. ‘A. Jouve also found character¬ 
istic crystals of the hemisilicide in commercial ferrosilicons. E. )). f'ampbell and 
co-workers have studied the heat of soln. of silicon in moften iron and, by analogy 
with the well-Ucfined iron tritacarbidc, FC 3 G, compute for the heat of formation 
(Fe 3 Si)„ = l33'l cals.; and for the reaction Fe 3 C'-fSi-~ 0 -f Fe8Si-t-17'G425 Cals. 
II, Hahn described the formation of iron hemisilicide, FcaSj, by inditing together 
iron (40 grins,), silicon (5 grms.), sodium (25 grms.), ammonium chloride (159 grins.), 
and joilium chloride, (80 grms ). According to II, Moissan, the hemisilicide is 
obtained (i) by heating iron to the softening point of porcelain in a porcelain 
dish bra,squcd with silicon, (ii) By heating iron with one-tenth its weight of 
silicon m a crucible in the electric furnace for four minutes with an arc from a 
current of 900 ampfires at 50 volts. With a higher proportion of silicon, the 
product is not attacked by acids, (iii) By heating in the electric furnace » mixture 
of ferric oxide with excess of silicon,* silica being volatilized. In all cases, thw 
)iroduct is treated with nitric acid dil. with four times its volume of water. The iron 
silicide forms small, magnetic, prismatic crystals, with a metallic lustre; sp. gr. 
-•=7 (X) at 22°. Its m.p. is higher than that of cast iron, and lower than that of 
wrought iron, ffydrsfluoric acid attacks it readily, and hence it is not identical 
with the silicide of sp. gr, 611 at 23°. H. Hahn said that it is not attacked by this 
acid. Hydrochloric acid slowly attacks the finely powdered silicide; nitric acid 
has no action, but aqua regia decomposes it, with formation of silica. The gaseous 
hydrogea halide,s attack it at temp, varying from dull to bright redness. Potassium 
nitrate, and chlorate, at their m.p., have no action on it; fused alkali carlionatia 
attack it slowfy, and a fused mixture of a nitrate and a carbonate decomposes it 



200 . INORGANIC AND THEOB^ITICAL CHEMISTRY 

readily. P. Lebeaii prepared a homisilicide by strongly heating iron with twice 
its weight of commercial e,oj>per silieide containing 10 per cent, of silicon, the 
product being treated with nitric acid (I; 10) and purified in the usual fray. It 
forms long, brilliant, grey crystals with octaheijral terminations. In sp. gr. and 
chemical properties, it is identical with H, Moissan s silieide; and it can be i^^ted 
from oornmorcitti ferro,silicons wiiich conf^in 10-20 per cent, of Md 

have Mn prepared at a high temp. K. Vigouroux obtained the hemisiiicide by 
the action of silicon tetrachloride on iron at a dull red lieat or at 1100 . A. Carnot 
and K. Coutal found that spiegeleiscn poor in manganese furnishes prismatic crystals 
of the hemisiiicide when tri'ated with very dil sulphuric acid, and treating the 
residue successively with a soln. of potassium hydroxide and dil. sulphuric acid. 
It differs from lI^Moissan’s hemisiiicide in being readily attacked by hot dil. 
acids. T. Murakami obtained no evidence of the hemisiiicide on the equilibrium 
diagram ; and W. (ronVrniann regarded it as a sat. solid soln. of iron monosilicide 
in iron'. t 

A. (Vuet and E. (.loutid found that when iron m dissolved in dil. hydrochloric acid out 
of contact with air, the greater [xirt of the silicon is left undissolved in the form of an iron 
flilicido, FoiSi. The remainder of the silicon is converU'd into the hydroxide, SiO(OH),, 
and Hoerns to exist in the iron in the form of Hilichles intermediate between iron dilritasilicide, 
FejSij, and iron dipentifaHiheide, JA'jSij. Wlion the iron contains mnngonose, practically 
the whole of the lalU'r is found in combiiuitiuv with the silicon in the insoluble residue, and 
it would seem to follow that silicon combines with manganese in preference to combining 
with iron. J. Pelouze and K. Frihny also pn'pared crystals of what was regarded as 
iron ditritainlicidi', Fe ,8i*, m 18h4; and octahedral lirystals are produced by melting together 
quartz, iron, and cnrtion ; and (i. J. L. tie Chalinot by heating the same materials in an 
electric furnace, and wnsliing tlio product willi dil. hydrofluoric acid. The last-named 
Haiti that the sp. gr. is tMItl, and that the componnd readily dissolves in aqua rt'gin, hydro¬ 
fluoric acid, and m fused alkali carbonateH. A. Jouvo doubted the existence of those 
silicides ; W. (hiertler and CJ. Tammann found no signs of them on the f.p. curve, Fig. 18, 
hut H. Fnlloy found evidence of FojSi, of iron tnhemifidicide, Fe^Siy, and of iron tritetniO' 
Hilieide, Fo^Sij. on the sp. gr. curve. There is no tither evidenct* of the existence of FOtSi,, 
and FejSi,. 

II. Hahn made crystals of an iron silicidi* by reducing sodium chloroferrate with 
sodium in the presence of sodium fluosilicate. The analysis corresponds' with 
FoioSia. lie a.s.sumcd it tothe a mixture of iron hemisjJicidoVnd iron mono¬ 
silicide. KeSi. The sp. gr. was 6'231) at 19**. K. Fremy made the monosilicide by 
the action of silicon tetrAchloride on red-hot iron. The yellowish-grey octahedral 
crystals were very hard ; insoluble in, aqua regia; and were decomposed by fused 
alkali carbonates. K. Vigouroux could not make the monosilicidt; by E. Fremy’s 
process; he shtainetl the hemisilicitle SK.’l^-t 4Fe—2FeC'l2+Fe2Si, at a dull red 
heat or at 1100°. F. Lebeau produced this silieide by heating iron with an excess 
of copper silieide. He said that this silieide is sometimes found in geodes in com¬ 
mercial ferrosilicon. A. Caniot and E. Gontal {vide .wpra), and A. Jouve'also 
noted crystals of the imuiosilicide in ferrosilicon. In the interior of the siliceous 
ma.ss obtained from an electric furimci' in which coke, sand, and lime were heated 
together at a temp, of about H. li. Vanzeiti found metallic buttons having 
a sp. gr.,5‘7() G‘29, a hardness of about 7 on Mohr’s scale, and the composition 
feSi—e/dc infra for sp. bt. The chemical (^laracters of the substance point to its 
being a jhemical individual, as also does the absence of magnetic propi'rties. The 
iron, which (hTurs to the extent of per cent, as ferric oxide in the coke, doubtless 
combines firstly with carbon, the latter being subsequently displaced by silicon 
formed by reduction of the silica present. Similar experimwta at a higher temp, 
than 3000° yielded masses varying in appearance and ap. gr. (3‘^5‘54) and more 
readily acted on by reagents than FeSi. W. Guertler and G. Tammann observed 
the formation of this compound in their study of the f.p. curve of iron-silicon 
alloys, Fig. 19 ; and R. Frilh*y obtained evidence of its (‘xistence on th<; sp. gr. 
curve. 

T. Murakami found evidence of iron tritadi8ilicide» Fe 3 Si 2 , on the equilibrium 
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diagram ; above 1100°, it dissociates into iron and the monosilicide; the trita- 
disilicide separates primarily at about 1020° in alloys eontaiuing over 23 per cent, 
of silicoh, and it is formed by the union of iron with the monosilicide. H. Hahn 
treated the regulus of iron hemi^licide yrith dil. hydrofluoric acid and obtained a 
crystellino residue corresponding with iron disilicide, FeSi^; G. J. L. de Chalmot 
fonnu crystals of this compound, along with FesSio, in 39-50 per cent, ferro- 
silicon. He said that sipce both silicides are attacked by hydrofluoric acid, it is 
difficult to separate them'. The mixture is suspended in water, and the acid gradually 
added in small quantities at a time. He said that this silicide is brittle, crystalline, 
and non-magnetic, and has a sptgr. 4'851. P. Lebeau obtained small lustrous 
crystals of'the disilicide by treating iron with an excess of ^con in an electric 
furnace; the results with copper silicide and iron were, negative. He said that 
the dark grey crystals have a sp. gr. 5 40 at 15°; their hardpess is between 4 and 5. 
The disilicide is oxidized superficially in oxygen at 1200°; it inflames in contact 
with cold fluorine, and at a dull«red heat in chlorine or bromine; iodine reacts 



less energetically at a still higher temp. All mineral acids, hot or cold, dil. or 
cone., arc without action, but hydrofluoric acid reacts slowly in the, cold and rapidly 
when heated, .Soln, of alkali hydroxides have no ajjpreciable action in the cold, 
but they act slowly when heated. Molten alkali hydroxides quickly decompose 
the disilicide. A. Jouve regards the alleged disilicide as a mixture. fT. Naske 
claimed to have isolated iron IrisiJieiJe, FeSis, by treating 50 per cent, fcrrosilicoa 
with hydrofluoric acid, but the inference has not been confirmed. •, 

The equilibrium diagram. Fig. 19, of the silicon-iron alloys has^een worked 
out by W. Guertler and 6. Tammann, A. T. Lowzow, N. Kumakoff and G. Urasoff, 
and T. Murakany. According to W. Guertler and G. Tammann, for all alloys 
with up to about 20 per cent, silicon, solidification begins by the formation of 
solid soln. of iron and the bemisilicidc, FcjSi, in the region AabE ; below AaE, 
there is a solid soln. with FejSi, forming primary crystallites. Hence, 20 per cent, 
ferrosiliaon Is iron hemisilicide melting at 1251°. The mierostructure depends 
on the rate of cooling. Alloys with 20-21'6 per cent, silicon have the f.p. curve 
EEi ; with a portion above 12^° consisting of the hemisilicide and melt, and below 
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1235°, ol the. Iwiiiinilicide and the eutectic A'l. The remainder ol the diagram 
explains itadf, M, A, Sanfourche discussed the limiting range of silicon in these 

alloys. W. Gontermann workeH out a 
more ^detailed diagram, Fig. 20, for 
alloys with up to 21'4 per ccr^. of 
silicon, where the dotted linra l@er"to 
curves not established by experiment. 
The assumption is m(>de that with less 
than 15 per cent, silicon two different 
„ . crystlls arc formed on cooling, namely, 

the mixed crystals of iron 'and silicon 
'' containing about 15 per cent, of silicon, 

and crystals of the composition FeSi. 
Silicon is .soluble to the extent of about 
15 par cent, in all the allotropic forms 
of iron. The effect of silicon on the 
fi-Mixed allotropic. forma of iron is also illustrated 
in the diagram. From the observations 
of F. Osmond, J. 0, Arnold, P. Ober- 

^.hoffer, and T. Baker, it follows that 

'^'^^^'^''y^^^l^lFeSkoi-Mixedcrystdls*''^ the transformation a-Fe?ij3-Fe is 
' ' ' ' lowered by 7-8 per cent, of silicon; 

., ,, . . . (ii) the transformation )3-Fe?^y-Fe is 

affected by addition., up to 2-7 per 
silicon; and the transformation 
is low<‘r<‘d as in tho following manner, determined by R. Ruer and 

H. Klcsjicr; 




-Mixed crystals 



\FeSr 
I crystals 


tWooiit. Si 0 0-2 0-4 0-() 0-8 I'O 1-2 

rrausnioit lomp. . hOI ' 1401' V.vxr i:i85’ 111?;')'’ 1355° 1335° 

t-. Schools studied the effect of silicon on the solubility of iron carbide in y~iron. 
((. J. Snelua, L. Tj. dc Koninck and A. (lliilain, etc., tried to find how the silicon is 
associated with the iron. E, JI. Morton, and L. Troost and V. yaiitefeuillo, said 
that the silicon is eheinioally combined and not mechanically mixed. According 
to R. Frillcy, alloys with fi-Ifi per cent, of silicon have the appearance of grey 
steel. Alloys with 15"35 per cent.^of silicon arc compiict, whitelustrous, and 
are readily fractured under the hammer. Alloys with 35-5D per cent, of silicon 
are lustrous an^l grey, and they are not readily fractured under the hammer. Alloys 
with ovej 55 per cent, silicon have the colour of fused silicon, and crystals of silicon 
are often present. Gcoiles lined with crystals*are also present. 

The microstruoturo of the alloys has been investigated by M. von Schwarz, 
F. Osmond, J. 0. Arnold, T. Baker, L, (Tiiillet, M. Francois and 0. Lormand, 

E. Oumlieh and I*. Goerens, A. B. Albro, V. Paglianti, T. I). Yenson, W. Guertler 

and G. rammann, etc. The general results show that with less than 15 per cent, 
silicon, tliere is only one kind of crystal present in the alloys; with the low silicon 
^eels when carinni is present, ceinentite crystals are also present; when over 3 per 
Cent, of silicon is present, carbon separates as graphite and not cementite. Accord¬ 
ing JtTf. Andrew, what W. Gontermann regarded as the Ari-break in the cooling 
curve of iron was in reality tlie Aro _3 break. It is probable that with as much as 
10 percent, of silicon, this^mint is raised to the temp, of freezing, a-iron being formed 
immediately on freezing and the carbon thrown out of soln. He suggests some 
modifications in W. Gontenuann’s diagram to cover the elimination of the Ar-point. 
W. Gontermann, and F. Wiist and 0. Petersen studied the ternary system : Iron- 
carbon-silicon. They found: • 

Percent. Si . 0’13 0-65 P41 268 300 4-86 13-54 ^ 0-93 

Percent. C . 4-29 405 3-88 3-50 332 308 1-W 087 

F. p. . . 1138° 1152° 1100° 1185° 1197° 1210° 1233" 1256’ 
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The golubility o£ carbon in iron is diminished by silicon, and carbon is precipitated 
if sufficient siUcon be present—say 4 per cent. The carbon si'parates as graphite, 
even when the soln. is rapidly cooled from the molten state. W. Gontemiann 
suggested that the graphite is part^ formed by the dissociation of a silico-ccmcntite, 
and partly as a deposit from a supersaturated soln. of silico-austenite. Accord- 
ingi ut .H.* Moissan, the fact that the displacement of carbon by silicon is not 
quite complete is probably due to the establishment of a state of equijjjtriuin 
between the iron silicidc and the iron carbide, the conditions of equilibrium varying 
with the tenii). and with the impurities which are always present in white or grey 
cast iron. G. Phragmen found that with iron containing above 17 per cent, of 
silicon, the'X-iadiogram of iron became weak, and at 30 p« cent, silicon was 
entirely replaced by one corresponding with FeSi; at 40 jlfr cent, silicon the 
lattice of KeSij appeared ; and at 50 per cent, silicon, this alone existed. No signs 
of Fe 2 Si or of FcjBio were observed. G. Tammann diseiisHed the space-lattice of 
iron hemisilicide. G. Tammann a*d K. Uahl tested the brittleness of the sflicidc. 
They found no gliding planes, and noted Hiat the, alloy becomes soft 50° below the 
m.p. * 

Determinations of the specific gravity have been made by F. Stromeyer,*who 
found 7 3241-6'7777 for alloys with 2’2-9'3 pet ceirf.. of silicon, H. Hahn, 
J. L. Smith, T. Turner, K. A. Hadficld, A. T. Lowzow. P. Paglianti, H. Moissan, 

G. J. L. do Chalmot, P. Lcbeaii, H. von" .1 iiptner, W. Guertler and 0. Tammann, 
B. b. Vanzetti, J. W. liothe, L. Weiss and T. Engcihardt, Jl. W. Hake, M. F. Matt, 
D. Hengstenberg, M. von Schw-arz, E. Mae.y, S. R. Bennett, etc., also made deter¬ 
minations. The following is a selection from U. Frilley’s measurements of the 
sp. gr., sp. vol., and mol. vol.: 

IVreent. Si . 5110 ll'Si 20'24 400!) fiO'OO 7"-2.'i il2'21 l(«) 00 

Sp. «r. . (i'SO (i-ia li-:):! O-IS 4'.50 2'S.5 2-57 2-4() 

•Sp. vol. 0'I40 0 151 015S O-IOI! 0-220 0-.'151 0-:lS» 0-418 

Mol. vol. 7-77 7-58 7-117 7 74 S-2!l ll-l 11-1) 11-7 

He added that the curves show live points of inflexion corresponding with Fe. 2 Si, 
Fe^Si.,, Fe 3 Si 4 , Fe.^Si,,. and FeSi.,, with a singularity corresponding with FeSi. 
The sp. vol. curve has singularities corresponding with FeSi and FeSi»; and the 
mol. vol. curve has one singularity eorri-spondin^ with FeSi. G. J. B. Karsten 
observed that iron was hardened by the addition of (437 pet cent, of silicon; 
D. Mushet observed that when iron is melted with quartz it becomes harder 
and mori' brittle. .1. B. .1.1). Boussingault, E. Guillet, R. A. Hadficld, W. Mtazek, 
T. Baker, P Paglianti, W. A. Tilden, W. C. Roborts-Austen, and T. Turner, 
W. Guertler and (4. Tammann, etc., made observations on. the. hatdness of iron- 
silicon alloys. R. .fanoyer said that*siliron exercises a bad influence on irtm, while 

H. (taron maintained that it has a good influence. G. A. Bissi-t, G. F. Burgess and 
J. Aston said that iron with one. per cent, of silicon is soft, and it is hard and brittle 
with 6-7 |)er cent, of silicon. M. von Schwarz found for the Shore’s seleroscopio 
hardness 

Per vent. .Si . . 0-01 2 (1 7-5 1.5-0 lliO !i;i-4 

Hardness 24 jiO 74 84 80 74r 

Values were determined for intermediate alloys, but the results were considereS 
to be unreliable. VV'hen free carbon does not sejiarate, the addition of silicon 
hardens iron. P. Paglianti found Brinell’s hardness increases approximately pro¬ 
portionally with the silicon content. L. Biivillon observed that the tensile strength, 
T, and Brinell’s hardness, H, of a sample of manganese silicon steel to be related 
as H—0'3S\)T ■, and P. Paglianti gave //=-0-3207'. In 1887, W. A. Tilden, 
)V- C. Roberts-Austen, and T. Turner found that with steels containing OTO-0'50 
per cen^. of silicon, the elastic limit and tensile strength arc increased while the 
elongation is diminished. R. A. Hadfield found that ingots could not be forged; 
he worked with steels having up to 4-90 per cent, of silicon, and carbon varying 
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from 0i4-0'26 per cent. T. Baker worked with 0 04 per cent, carbon and TJ pei 
cent, silicon. L. Gnillet worked with steels with varying manganese and carbon, 
and up to 512 per cent, of silicon. P. Paglianti worked with a carbon content oi 
O'lO per cent., manganese 0-22-0'60 per cent., ajd silicon up to about 6} per cent. 
G. A. Bisset said that silicon adds strength to iron comparable with the effect of 
carbon. T. D. Yensen also investigated the mechanical properties of the iron'sllifon 
alkiys^ According to T. Turner, increasing the proportion of silicon increases the 
mechanical qualities of cast-iron until one or two per cent.'of silicon has been added 
when further additions diminish these qualities—c.y. the maximum with the crush¬ 
ing strength is about 0’8 per cent.; with the tensiie strength about 1'8 per cent.; and 
with the modulus ofclasticity about I'O per cent. The general results of the observa¬ 
tions show that siliJhn in quantities up to 4 per cent, increases the strength of steel 
proportionally with the amount added; if over 4 per cent, be added, the strength 
decreases rapidly probaldy owing to the formation of graphite, and the yield point 
corresponds with the breaking point. The ducliity is but little affected by silicon 
below 2'5 |)er cent., but above this ameunt, the alloys become brittle, and with 
4 per cent, or more, the elongation and reduction in area are nil. With 7 per 
cent, or more silicon, the alloys are not forgeable. Unlike carbon, silicon does not 
confer upon iron the property of becoming hardened when water-quenched. For 
alloys with II'15 and 3'40 per cent, of silicon, T. D. Yensen gives respectively 
18,500 and .58,(KX) lbs. ]ier sq. in. for the stress at yield point; 37,000 and 67,500 lbs. 
per sq. in. for the ultimate strength ; 66 and 21 i>er cent, for the elongation; and 
90 and 28'5 per cent, for the reduction of area. P. Schiibel gave for the specific 
beat of FeSi, 0'1476 between 18“ and 193“; 0'1504 between 18“ and 300“; 0'1532 
between 18“ and .399"; and 0'I583 between 18° and 629“. Observations were also 
made by M. I’adoa, and H. Sebimpff. F. 0. Osmond, and E. D. Campbell and 
W. E. Hartman have investigated the effect of silicon on the heat of solution of 
cast-iron in an ammoniaeal soln, of cupric chloride. When the proportion of 
silicon approardies FcjSi, the product becomes insoluble in that menstruum. 

L. I'roost and 1’. Hautefouille, and H. von .JUptner have made thermochemical 
studies on siliciferoiis iron, 

W. P. Barrett. I‘. Paglianti, C. F. Burgess and J. Aston, R. A. Hadficlfi and 
co-workers, T. D. Yensen, H. Chatclier, W. Muthmann and 'co-workers, and 
W. Ouertlor investigated^thc electrical resistance of alloys of iron and silicon. 

M. von Schwarz found : 

I’lir cent. Si . , 2'0 t'.S ' l.^'O 20-0 24'8 2!l',3 40-2 

S(). rcsistnneo X10* U'41 &»!i 1'02 1-48 3')5 8-17 14'8 ohms 

In general, silicon incr"ea.ses the electrical resistance of iron by 10--12 microhms 
per c.c. for each per cent, added. R. A. Hadfield and co-workers studied the 
magnetic properties of silicon-iron alloys. They found that alloys with 2'5 and 
5'5 per cent, silicon had a higher maximum magnetic permeability and a lower 
hysleresis loss than pure iron. This led to the employment of silicon-steel for use 
in electromagnetic machinery, particularly in transformers. Numerous investi¬ 
gations huve since been made on the magnetic properties of these alloys. T. Baker 
feund: • 

Per cent. Si 0-02 1-02 2-90 4-80 7'47 

Maximum imiucUen 20) . , lOIKW 16200 16600 147.70 14000 

Permeability (// --4) . , . . 2326 2662 2750 2665 2937 

Metentivity. 8376 8000 7325 72pO 9000 

Coercive force . . . 1'8 1-7 1'5 1'2 • PO 

Knergy dissipated per eomplete cycle 10550 8798 8081 6110 6613 ergs per c.c. 

G. Dillner and A. F. Engstrom, unlike other investigators, found that silicon reduced 
the permeability and increased the hysteresis loss of sheet iron. E. Gumljch and 
P. Goerens, E. Gnmlich and W. Rogowsky, P. Paglianti, 8, Guggenheim, 
0. W. Heaps, J. Hopkinson, T. Murakami, T. 1). Y'ensen, and others'have investi- 
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gated thia subject. Carbon in the form of graphite has a smaller damaging inHuencc 
on the magnetic properties of iron than it has in the dissolved form, or combined 
as cemefttitc. Silicon precipitates carbon as graphite, and this is an indirect reason 
why silicon excrcise.s a beneficial,effcct on the magnetic properties of iron, since 
irot»f a very high degree of purity still retains some carbon. The most favourable 
prapoitioils vary between 2 and 4 per cent. The eddy-current losses decrease with 
an increase in the electrical resistance, and from this point of view the siliconj;ontant 
should bo as higlj as possible without loss of the most favourable magnetic pro¬ 
perties. T. C. MacKay studied the Hall effect in iron-silicon alloys. 

A singular property of some aamples of fcrrosilicon, particularly alloys with 
approximately 50 per cent, silicon, is their tendency to spontanmus disintegration ; 
une explication Iris complete of the phenomenon is not known, 'll. Heller said that 
the effect is likely to occur if over 33 3 per cent, of silicon is present, and that 
phosphorus and aluminium are directly responsible. It lias been attributed to 
the presence of calcium silicide vahich is decomposed on exposure to hunffd air; 
but R. Frillcy could not make the alloys spontaneously disintegrate in this way 
by purposely adding up to 10 per cent, of calcium. He found aluminiuiTi always 
present in the alloys which disintegrate. This was present either as alumfiiium 
silicide, or, as P. Lcbcaii suggested, as iron silicoaluminido The disintegration is a 
serious inconvenience because of the difficulties which attend the use of the powder 
in some of its metallurgical applications’; and also because the material en poudre 
exposes an enormously greater surface to the actiou of the air thau what it docs 
en masse. This means that oxidation, etc., by atm. air then becomes serious. To 
protect the material from oxidation, the lumps of 50 per cent, fcrrosilicon are 
covered with a thin film of paraffin invisible to the naked eye. The resistance 
of fcrrosilicon to chemical agents is to a large extent dependent on its composition. 
The 50 per cent, alloy is fairly resistant towards oxidizing agents, and this is also 
true of the different iron silicides. On the other hand, fcrrosilicon is largely used 
in steel manufacture by virtue, of its deoxidizing qualities. A fragment of 50 per 
cent, fcrrosilicon is only superficially oxidized when heated in the blowpipe flame, 
and the film is ])robabiy nitride or carbonitride mixed with silica and iron oxide, 
J. J.Morgan founded a method for the determination of iron in alloys on the ready 
oxidizability orgeaphite and silicon ; the silicon forms silica which remains as a 
residue when the oxidized iron is dissolved in acid. M. F. Matt found that ferro- 
silicon is but incompletely oxidized when heated in oxygen at 1100°. M. von 
Schwarz heated 50 jkt cent, fcrrosilicon to«1100“ in a stream of air for different 
periods of time, and found the percentage increases in weight to be ; 


Time in hre. . 

7 


21 

• 25 

32 

Percentage increase. 

0-29 

11-17 

12-01 

12-24 

f2-G0 

similarly in oxygen: 

Time in hr». . 

7 

14 

20 

37 

44 

Percentage increase. 

It'20 

]3’64 

10 14 

18-00 

1002 


Under certain conditions, some fcrrosilicons—more particularly those ragging from 
30-40 per cent., and from 47-65 pcf cent, silicon—under the influence of moinf 
air are liable to evolve gases with dangerous and toxic properties. A number of 
fatalities have occurred during its transit on board ship, or during storage‘and use 
in factories. In some cases, passengers on ships or canal ^boats carrying fcrrosilicon 
have died suddenly ;»in other cases, workmen have suffered more or less severely 
from the effects'of breathing the fumes evolved from the material; and in a few 
cases, explosions have occurred spontaneously on handling the containing drums. 
On account of the accidents which have occurred from time to time, special restric¬ 
tions aje imposed on the transit and storage of ferrosilicon. A record of cases will 
be found in a report by S. M. Copeman and co-workers. A. Dupr^ and M. B. Lloyd 
showed that phosphine may be evolved by the action of water at ordinary temp. 
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P. Lehnkering also observed that air passed over ferrosilicon may give phosphine 
hut no aeetylene. Ho inferred that some ealcium phosphide was present as an 
impurity in the lerrosilicen, A. W. Cronquist, C. E. Pellcw, W. R. Smith, and 
P. Bruylants and H. Druyts observed phosphine jnd arsine in the gases. Hydrogen 
is also produced, but tliore is no evidence of the formation of silicane or of acety¬ 
lene. H. W. Hake obtained similar results. According to N. S. Kurnak® r.nd 
Gr Ut»,solf, an alloy with alxiut 50 per cent, of silicon is sensitive to water and 
very dangerous. Alloys with 3.‘J'4-i00 per cent, by weight of silicon furnish a 
solid soln. with .55'18-615 per cent, of silicon which solidifies at 1245°, and has 
been called telmmle. The ternary solid soln* of lebeauite with phosphorus or 
aluminium are stable towards water; but the quaternary solid soln. of lebeauite 
with phosphorus ahd aluminium gives off phosphine when treated with water. 
Ferrosilicon with le.ss than 33'4 per cent, of .silicon, and containing y-iroa, 
will dissolve, respectively 1'7 and 3'0 per cent, of phosphorus and aluminium. 
Calcium phosphide does not dissolve in liquid oreolid ferrosilicon. N. E. Kurnakoff 
and G. Urasoff also sttnhed the toxic praperties of ferrosilicon. 

R. Prilley found that hydrofluoric acid in the cold readily dissolves ferrosilicon 
with up to 50 per cent, silicon; hydrochloric acid attacks alloys with up to 33 per 
cent, silicon, but has virtually no action on alloys richer in silicon; nitric and sul- 
jdinric acids are without action; but a mixture of nitric and hydrofluoric acids 
attacks trh violmnmU all the terrosilicons. Fused alkali hydroxides or carbonates 
readily attack the iron-silicon alloys, and the attack is much more vigorous, and 
complete in the presence of jiotassium nitrate. With alloys containing over 50 per 
cent, of silicon, the attack by potassium or sodium hydroxide is extremely violent. 
Gold soln. of sodimu hydroxide are without action on alloys with lc.ss than 00 per 
cent, silicon, but beyond that proportion, the attack becomes very vigorous, and 
a residue, completcdy soluble in hydrofluoric acid, remains. M. Wunder and 
1!. Jeannerct found that hot phosphoric acid of sp. gr. 1'75 dissolves ferrosilicon, 
forming a clear liquul; any carbon iiresent remains undissoivcd. U. Ehrhardt 
and G. I’fleidercr found crude tar oil containing phenol did not visibly attack 
ferrosilicon in 4 weeks’ time. 

Firma Ricrmaim showed that ferrosilicon has an important influence in reaucing 
the tendency of molten steel to become bubbly,fiery,” or frothy during casting. 
The way the silicon redin'es the extrusion of gases from molten steel in the act of 
solidification has not been established. It is generally assumed that the silicon 
in steel decomposes iron or other o.xidca whicli may be prcjicut. The enhanced 
tensile strength oonfiurcd by low percentages of silicon has resulted in the use of 
silicon steels ill making spring.s, etc For the use of siliciferous iron in the manu¬ 
facture (if electromagnetic ap|)aratus, vuk supra On account of the resistance 
of the silicon alloys to attack by acids, A. .louve recommended vessels of ferro- 
silicon for the manufacture and cone, of sulphuric acid; and N. Terrisse and 
M. Levy, for acid-resisting alloys. A. Lissuer also recommended these alloys as 
a substitute, for platinum vessels in some industries. 0. Hdpfner recommended 
ferrosilicon as an electrode material for aq. soln. since it is more durable than 
carbon, iKid cheaper than platinum. The 25 per cent, alloy has been recommended 
lor making statuettes, etc., since it polishes' well. It is used as a master alloy in 
makingailienn steels. It influences the properties of iron by controlling the con¬ 
dition of the carbon. V. Fuss studied the ternary system Si -At- Fe. 

C. Winkler * heated nickel and silicon to a white heat and obtained a sintered 
not a fused mass; but he obtained a good alloy by reduchig nickel oxide with 
aluminium, quartz, and cryolite. The regulns was contaminated with 12-15 per 
cent, of aluminium. R. Walter obtained nickel-silicon alloys by heating the com¬ 
ponent elements to a high temp.; and W. E. Card obtained a white, homogeneous, 
fused, nou-magnetic regulus in a similar way. E. Vigouroux found that when 
nickel is subjected to the action of silicon tetrachloride at a high temp, until the 
mass fuses and the loss in weight amounts to 30 per cent., the prodhet consists of 
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nickel tetlitasilicide, Ni^Si, which has a metallic appearance, is very brittle and 
crystalline, and is not attracted by a magnet. By the prolonged action of silicon 
tetrachloride on the lower silicide, it is converted into the nickel hemieilicide, 
NijSi. The same compound is formed when nickel is heated with 10 per cent, of 
8 ibc<jp in a current of hydrogen, the crystalline silicide is more fusible than the 
me<;ai v r silicon. Similar results are obtained by heating the silicon and the metal 
in a crucible in an oxyhydrogen furnace. Heating silicon with the metal oxi^c does 
not yield a pure product.* The best results are obtained by heating the metal with 
10 per cent. «f silicon, in a carbon crucible in the electric furnace, until the greater 
part of the excess of the metal i% volatilized. The product is treated with very 
dil. nitric acid. The hemisilicide is perfectly crystallized, imd has a metallic 
appearance, and a steel-grey colour, and it is stable at the highest temp. The 
sp. gr. of the nickel hemisilicide is 7 2 at 17“. Fluorine attacks it with incan¬ 
descence at the ordinary temp., and chlorine has the samh effect at a red heat; 
bromine and iodine are less energjtic in their action. Dry hydrogen fluoriilc and 
hydrogen hhloride attack it at a red heat, and hydrogen bromide anil iodide behave 
similarly. Hydrofluoric acid dissolves it readily, but the other haloid af'ids act 
very slowly; aqua regia, however, decomjioses the powdered substance coinpliflely. 
Water has no action on the crystals, but water vapour aktacks them at a dull red 
heat. Oxygen or air oxidizes the finely powdered siUcide at a red heat, Soln. of 
alkali hydro.xides are without eftect, bflt fused alkali carbonates or mixtures of 
carbouate.s and nitrates decompose the. silicide readily, W. Jenge studied the 
action of soln. of chlorides, bromides, iodides, nitrates, sulphates, sodium hydroxide, 
sulphuric acid, and hydrochloric acid on nickel silicides. The effects were similar 
to those obtained with cobalt silicides, but NiSi did not resist halogen ions. 
G. Tainmaim studied the chemical properties of these alloys. 

.M. A. Sanfourchc discussed the limiting range of silicon in these alloys. 
W. Guertler and (i. Taniinann investigated the nickel-silicon alloys by thermal 
analysis, and controlled the results by microscopic examination of polished sections. 
They concluded that five silicides exist, NijSi, NijSi, NiaSis, NiSi, and Ni^Sij; 
but they did not confirm the existence of the tetritasibcide of E. Vigouroux. The 
f.p, c4rve of the system shows two maxima at 33’3 and 50 at. per cent, of silicon 
respectively, corfeaponding with nickel henii 8 ilicidc,»Ni 2 Si, and nitflcel mo&OSilicidei 
NiSi, as well as three eutectic points at 20, 43, and 56 atomic per cent, of silicon 
respectively. From 0-ll'6 and 27'6-33’3 per cent, of silicon, two series of solid 
soln. separate ; if allowed to cool slowly, tJie sat, crystals interact below 1125° 
(in alloys containing n C-27'6 per cent, of silicon) with formation of nickel tlita- 
silidde, Ni 3 Si; the reaction is a reversible one. A third series of*mixed crystals 
separates from 33'3-37'5 atomic pewceut. of silicon ; if the cooling is sliNv, nickel 
ditritasilicide, NiaSi.^, is formed from these when the temp, falls below 830°. The 
existence of nickel trihemisilicide, Ni.^Sia, is formed on cooling by the interaction 
of silicon with the fused mass containing 59 atomic per cent, of the latter element. 
The alloys from 0-20 atomic, per cent, of silicon are fairly tough ; beyond this point 
they are brittle and easily powdered. Between the limits of 5 and 20 atomic per 
cent, of silicon, the alloys are fairly hard, but, contrary to the behaviouraif carbon 
steel, the rapidly cooled alloys are mflch softer than those allowed to cool slowl)i 
From 20 atomic jicr cent, of silicon, the hardness gradually decreases, tidies a 
minimum about 70 per cent., and beyond this point rapidly increases.* Alloys con¬ 
taining more than 30 atomic per cent, of silicon are no longer magnetic. L. Baraduc- 
Muller made these alloys by reducing nickel oxide with carbon silicide, and he 
confirmed by thermal and microscopic observations the existence of NijSi, NigSi^, 
NiSi, and NijSis. K. Frilley found that alloys with below 5 per cent, of silicon 
have a grey colour, and have properties resembling steel with 1 '4 per cent, carbon. 
Alloys gvith 5-20 per cent, silicon arc whiter, and those with 15 per cent, of 
silicon have a brilliant facetted cleavage. Alloys with 20-35 per cent, silicon are 
less brilliant, tind give a crystalline fracture showing ill-defined octahedral facets. 
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The crystals with the 32 per cent, alloy are acicular. The fracture of alloys with 
36-40 j»er cent, silicon is matte and dull; alloys with over 50 per cent, silicon 
appear like fused silicon. M. Francois and C. Lormand examined the crystal 
structure. The following are selected from K. Frilley’s determinations of the 
sp. gr., sp. vol., and mol. vol. of these alloys: t 

Per amt. Hi . 0 H'lO 17-84 23-90 32-00 44-70 57-34 66-82' 

Hp. gr.—. . 8-4 7-77 7-30 0-08 5-73 . 4*00 3-93 3-50 

8p. vol. . 0-119 0-129 0-137 0-150 0-174 0-217, 2-64 0-286 

Mol. vol. . 6-98 6-94 6-73 6-95 7-56 8-67 9-^4 9-80 

The singularities in the sp. gr. curve correspond with Ni._/Si, NiSi, and ^fisSig; the 
sp. vol. curve has wngnlarities corresiMuiding with Ni 2 Si, and NiSi, but not Ni 3 Si 2 ; 
and the mol. vol. curve has a singularity corresponding with NijjSi. There are no 
signs of N^Si, Ni^Si, of of NigSi-j on thi'se curves. 1\ Hchiibel found for the sp. ht. 
of NiSi between 18" and 299 ’, ()■ 1307; 0-1380 between 18" and 421"; 0-1420 between 
18" and 501"; and O'1454 between 18" ami 029". For Ni^Si, he gave 0*1197 between 
I8"aiK^202"; 0-1220 between 18" and 294"; O'1 245 between 18" and 410® ; and 
()-12fl5 between 18" and 028". U. Frilley found that hydrofluoric acid does not 
attack these alloys; hydrochloric acid does not attack the alloys with a high and 
a low proportion of silicon, but it does attack tlio.se with approximately 32 per cent, 
of silicon ; sulphuric and nitric acids are without a<-lion ; a mixture of hydrofluoric 
and nitric acids readily attacks these alloys: aqua regia dissolves in the cold alloys 
with less than 20 jier cent, silicon ; and none of the, alloys is attacked completely 
by soln. of alkali liydroxide.s cold or )iot. Kiiseil alkali hydroxides or carbonates 
decompose tiu'sii alloys [lurticidarly in the presence of potassium nitrate. V. Fuss 
stu<li(«l the ternary system Si -.41-Ni; ami M. I’fautsch, Si-Mo-Ni. 

C. Winkler found cobalt and silicon behaved liki- nickel and silicon at a white 
beat. K. Walter made alloys by heating a mixture of cobalt and silicon to a high 
temp. According to F. Vigouroux, silicon tetrachloride is reduced by cobalt at 
the temp, of the electric furnace with the formation of cobalt chloride, which is 
volatile, and a residue of a cobalt silicide. At 12(X)" to 1300", the reaction is com¬ 
plete, and ceases wfu-n the eohalt is converted into CObalt heniisilicide« 4/Oj>Si, 
which has a sp. gr. 7’28 at 4" and 7-1 at 17", and differs fr6m H. Mois-san’s 
corresiKmding iron silicide in that it is not attracted by a magnet. E. Vigouroux 
also prepared the hemisifleide by a jirocess similar to that employed for the corre¬ 
sponding nickid salt, ami he found Ijiat the general jiropertics were also similar. 
1*. Lebeau prejiared cobalt monosUicide, FoSi, in the form of prismatic needles by 
heating for 4 mins, in a carbon crucible jilaeed in the electric furnace a mixture 
of coppet silicide and metallic cobalt. The nmnosilicide melts at 1300" in a current 
of hydrogen, and has s[). gr. fl-.'K) at 20". (’obalt silicide is converted into the fluoride 
with incandescence wlion gently heated in a current of fluorine; chlorine reacts 
only at a dull red heat: hydrogen fluoride or chloride decomposes the substance 
at high tein))., yielding hydrogen and the corresponding haloid compounds of silicon 
and cobalt. Hulphur has no action on the compound at the softening point of glass; 
oxygen, nitrogen, ammonia, and steam, under those conditions, decompose the 
silicide only suporflcially; hydrogen Bulphhte, at high temp., gives rise to sulphides 
of cobalt and silicon Nitric and sulphuric acids do not attack the silicide; it 
dissolves, liowever, slowly in aqua regia, and more rapidly in hydrochloric acid. 
Cobalt silicide is insolubjc in dil. alkaline soln. but is decomposed by the alkali 
hydroxides, either fused or in cone. soln. Fused potassium pitratc and potassium 
hydrogen sulphate have no action on the substance; melted poftissium carbonate 
attacks it only slowly. P. Lebeau also prepan^d cobalt disilicide, CoSi^, by heating 
cobalt mixed with an excess of silicon, or a mixture of cobalt, silicon, and copper 
silicide, in the electric furnace. It forms dark crystals with a bluish reflection, 
which often have an octahedral form and seem to belong to the cubic system. 
It has a sp. gr. 5*3 and hardness between 4 and 5. It is attacked by fluorine, with 



SILICON 


209 


incandeaoence, if gently heated, by chlorine at 300°, and by bromine and iodine 
at a dull-red heat. Sulphur has no action on it at the softening point of glass, 
oxygen attacks it superficially at 1200°, and nitric and sulphuric acids, cone, or dil,, 
are without action. Hydrochloric 
acid.jxhen cone, and boiling, attacks 
the,siiijidtf slowly, and hydrofluoric 
acid dissolves it rapidly; hot cone. 


slowly, but 
decompose it rapidly. W. Jengp 
studied the action of soln. of 
chlorides, bromides, iodides, nitrates, 
sulphates, sodium hydroxide, sul¬ 
phuric acid, arid hydrochloric acid 
on cobalt silicidcs. Those with les^ 
than 32 per cent, silicon were readily 
attacked by acidic ions, while tho.se 
with more silicon were resistant. 
That is, CoSi and the higher silicidcs 



Kio. 21.—Kquilibrium Diagram of Nickol-Siih'oo 
Alloys. 


behave like, silicon, and the other silicides behave like cobalt. G. Tainmann found 
that acids attack those silicides with oob&lt in e.xcess of Co : Si— 1:1 and alkalies 
those with the ratio 1 ; 3. 

M. A. Sanfourche discussed the limiting range of silicon in these alloys. 
K. Lewkonja studied the cobalt- 
silicon alloys by thermal analysis l,50(f\ 
and controlled the results micro- 
graphically. The f.p. curve. Fig. 21, 
shows that the two elements are 
completely miscible in the liquid +iS 

state, and in the, solid state the § ’ m’’ 
miscibility is confined to alloys with Vfio 
less thSn 7 5 percent, and more than 
91 per cent, of sfllicon. Five, com- ' 

pounds are shown on the diagram, 
cobalt hemisilicide, m.p. 1327°; 
cobalt monosilicide, m.p. 1395°; 
cobalt disilicide, m.p. 1277°; cobalt 
trisilicide, CoSi^, m.p. 1310°; and 
cobalt ditritasilicide, CojSG. which* 

is formed in the, solid state from the hemi- and mono-siiieides. The, range of 
existence of these compounds is shown in Fig. 22. Alloys with 0-19 ,5 per cent, 
of silicon are magnetizable. These alloys have cobalt in solid soln., and their 
magnetic intensity increases with the proportion of cobalt. 



Fio. 22.—Kfiuilibriiiin Diafrrain tho Cobalt- 
Silicon Alloys. 
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§ 14. The suicides,of the Platinum FamUy 

•J. J. Berzelius ' staled that if silicon is ignited in a platinum rnicilile, the two 
elements do not react, but if silicon fluoride or potassium fluosilicate is reduced 
hy potassium in a platinum crucihle, the silicon jienetrates into the. platinum 
wherever the latter is touched by the potassium. .1. B. J. U, Boussingaiilt found 
that platinum fuses when embedded in charcoal powder, and exposed to the 
St rongest heat of a forge, at the same time it takes up half per cent, of silicon ; hut 
if covered with lampblack containing no silica, fusion does not occur. (1. Winkler, * 
H. St. C. Devdle, and P. Lebeau and A. Novilzky observed that silicoii'readily 
unites with platinum at a high temp., and a fusible silicide is formed. J. Konigs- 
herger and K. Schilling noted that the reaction begins a5 low as 41X1'', and at a 
red heat the redfction with crystalline silicon is quite fast. According to 
H. N. Warren, a silicide is readily obtained by heating amorphous silicon mixed 
wjth platinum black under a layer of potassium fluosilicate in a closed crucible. 

•J. J. Berzelius, and J. B. .1. D. Boussinganit showerl that platinum silicide is also 
formed i^cn silica or a silicate is heated in contact with platinum under reducing 
conditions, sayy in contact with carbon, not, said the latter, in consequence of the 
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formation of a carbide as assumed by H. V. Collet-Descotils... P® 
silicon by platinum in contact with carbon in fireclay crucibles was by 

XB J D.Vussingault, A. Ditto, L. Baraduc-JIuUer, etc. Ue formation of a 
fusible silicide explains how J. J. Precbtl was, able to melt platinum in ». blast¬ 
furnace, The vapour of silicon, said J. B. J. D. Boussingault, may be can^ by 
the furnace gssc.s to the platinum. P. SebUtzenberger and A. Colson,-^ the 
eicpesiment cited in connection with the vaporization of silicon, said that mtrogen 
and probably also oxygen play a part in the transfer of £he silicon to the platinum. 
M. Upschin and M. Tichanowitsch found that if an electric cuirent be passed 
through silica heated in a platinum crucible the metal will be perforated owing 
to the formation^f a fusible silicide, J. B. J. D. Boussingault a-lso found that 
when platinum is heated with silica in an atm. of hydrogen, some silicide is formed. 
C. G. Momminger ignited topaz in a platinum crucible placed inside a ^aphitc 
crnc^le, and the platinum was converted into a brittle fusible substance with 1'61 
per cent, of silicon. According to F. P. Miles, the conditions under which platinum 
silicide is formed are the presence of reducing gases such as carbon monoxide, of 
sili^on'tetrafluoride., and of a basic substance such as magnesia. The silicization 
of platinum resistance wire coiled round porcelain tubes to form electric tube 
furnaces, and heated ii» an atm. of hydrogen, has been discussed by L. Holborn 
and W. Wien, W. 0. Heraeus, W, Ostwald and R. Kuch —idde infra, action of 


reducing gases on silica. ' 

According to C. Winkler, platinum which has absorbed 10 per cent, of silicon 
is greyish-white and fusible at a white heat, J. J. Berzelius found the sp. gr. to be 
18'.3 ; J. J. Prechtl, 17'7 ; and .7. B. .f. D, Boussingault, 17'5-20'5. According to 
the last-named, silicized platinum is hard enough to .scratch iron and platinum, 
but it does not become harder by rapid cooling; it is brittle, it readily fractures 
under the hammer; it is still brittle, at a red heat, and its ductility is not restored 
either by heating it in contact with air, or in contact with manganese dioxide. 
It dissolves in aipia regia more slowly than docs platinum, and gelatinous silica 
separates. W. C. Heraeus found that the electrical resistance, of platinum is 
increased by silicization. 

Five definite silicidos have been reported, but they may not be all chemical 
individuals since analysis is ^lot a satisfactory test. For inaftince, C. Winkler 
reported that platinam dodecasilicide, PtSiis, is formed, as a white crystalline mass, 
by molting platinum with an excess of silicon under cryolite. A. Colson reported 
platinum hemiailicide, Pt^Si, to be formed when strips of platinum arc packed in 
lampblack, and heated in a fireclay crucible. P. Schutzenberger and A. Colson said 
that the reaeflon oecyrs at 1000°. P. Lebeau and A. Novitzky made it by heating 
platimihi monosiliciile with tin- -ntdc infra; imd E. Vigouroux, by heating platinum 
with 8- 1(1 per cent, of silicon in a carbon-boat contained in a carbon-tube in an 
electric furnace. The hemisilicide is a white, crystalline, extremely hard, brittle 
solid, its sp. gr. at 18' is 1.3’8, it is capable, of dissolving silicon, and is attacked, 
when hot, by chlorine, and by aqua regia ; molten alkali hydroxides and hot aq. 
soln. of alkali hydroxides have but little action. A. Colson obtained a crystalline 
mass of.what he regarded as platinam ditritasilicide, PtsSij, by heating platinum 
•with lampblack mixed with 60 per cent.* of precipitated silica. The sp. gr. is 
14'1 ;^<ind the m.p. is near the squatting temp, of ordinary glass. A. Guyard 
made platiSum tritetritasUicide, Pt 4 Sis, by heating a mixture of platinum dust 
with finely powdered crystalline silicon in the proportion of 2:1. Combination 
takes place at a red heat with some violence, some of the silicon gets thrown out 
of the crucible, and the remainder combines with the platinuni, forming a com¬ 
pound which fuses at a somewhat higher temp, to a bright crystalline mass, metallic 
in appearance, and very brittle. E. Vigouroux made platmum monoailidde, 
PtSi, directly from its constituents with the silicon in excess, and also by melting 
a mixture of 24 grms. of platinum black, and 10 5 grms. of silicon in a magnesia 
boat in a stream of hydrogen for 30 mins. The excess silicon was relhoved by alkali- 
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lye, and the silica by hydrofluoric acid. P. Lebeau and A. Novitaky made the 
same compound by heatmg for half an hour to a high temp, pastilles composed of 
a mixture of very finely divided silicon and platinum sjmnge contained in a carbon 
crucible. It occurred in the form o^a fused ingot with the appearance of silicon. An 
examination of a polished surface of the ingot reveals the presence of two substances, 
ona of' whith is silicon, and can be removed by means of a dil. soln. of potassium 
hydroxide. The residue, which is soluble in aqua regia, has a composition-corrt- 
sponding with the formula SiPt. The same silicide is obtained by heating a mixture 
of equal partsa>f platinum and silicon for ,'i mins, in an electric furnace. The silicide 
can be crystalbzed from fused silvensilicide, the latter being afterwards dissolved by 
successive tftatment with sodium hydroxide and nitric acid, aijii is then obtained 
in very fine prismatic crystals. The sp. gr. is ITfiS at 15"; and the m.p. about 
llfX)'’. This silicide is not attacked by hydrochloric, sulphuric, nitric, or hydro¬ 
fluoric acid, but is attacked by hydrochloric acid and bromine, and is comjijptely 
dissolved by aqua regia. When Lasted with tin, the product contains a mixture 
of free silicon with prismatic crystals and lamella-. After washing with pojpssium 
hydroxide, this leaves a residue of the hemisilicide. K. Vigouroux found khat 
when the monosilicide is heated with an excess of aluminium, an ingot is obtained 
which, after treatment with 10 per cent, hydrochloric acisl, leaves a residue, con¬ 
taining 91 '2 per cent, of the silicon from the silicide in a free state. When the free 
silicon is removed by alkali-lye followed by treatment of the residue with aqua regia, 
a substance containing only 1'5 per cent, of combined silicon remains. Similarly, 
when heated with copper (10 grms.), the silicide (1 grin.) gives an ingot which is 
vigorously attacked by nitric acid (10 per cent.), leaving a residue consisting of 
platinum containing traces of coinbiiieil silicon. By heating the copper silicide, 
8 iCu 4 (12 grms.), with SiPt (3 grins.), a very brittle, grey ingot is formed, con¬ 
taining 20'() ]icr cent, of ]ilatinum, 07 2 per cent, of cojiper, and 12'20 per cent, 
of silicon. This is attacked with difliculty by nitric acid and by aqua regia, but is 
dissolvi'd by a mixturo of aqua regia and hydrofluoric aciil. I'inally, by heating 
the silicide, SiCiij (."iO grms.), with platinum (10 grms.), a hard, greyish-white ingot 
is obtaimid, which is attacked by 5 per cent, nitric acid, leaving a black residue, 
from wliich a dcn.se, grey substance soluble in aqua regia, and having the com¬ 
position of platiniftn copper silicide, SiCual’t, is isolated by levigalion. 

According to .f. B. J. 1). Bou.ssingault ,2 when platiiiikin, ruthenium, iridium, 
or palladium embedded in carbon in a siliceous crucible is heated to redness, the 
metal is silicized. Palladium, indeed, may take up nearly 4 per cent, of silicon. 
H. Moissan and W. Manchot prepared rulliemam monosilicide, KuSi, by heating 
a mixture of ruthenium powder and crystallized silicon in a jarbon (fruciblo in an 
electric arc furnace lor two or three, nfinutes. The product is crushed and treated 
with alkali, then with a mixture of hydrofluoric and nitric acids. The silicide is 
then left in the form of small, white crystals mixed with carborundum, which can 
be separated by flotation on methylene iodide. If some copper bo added to the 
mixture, the silicide is ultimately obtained in a well-crystallized form. The 
silicide is white, and has a metallic lustre ; at 4°, it has a sp. gr. 5'40 and is very 
hard. It volatilizes in an electric arc and is very stable. Fluorine easily attacks 
it, but it is only slowly attacked by chldVine. Bromine and iodine, act on it slowly 
at 600°. When strongly heated, it bums in oxygen, and it is oxidized slowjy by 
fused potassium chlorate or potassium dichromate. Sulphur vapour decomposes 
it at a red heat, and at the same temp, it is slowly attacked by fused sodium or 
magnesium. It is not» attacked by boiling acids. Fused potassium hydroxide, 
carbonate, or nitrate only slowly decompose it; but when heated with a mixture 
of potassium hydrogen sulphate and potassium nitrate, it is decomposed and a 
peuuthenate is formed. Potassium hypochlorite, which acts easily on ruthenium, 
has no actjpn on the silicide. P. Lebeau and P. Jolibois found that when an intimate 
mixturo of palladium and crystallized silicon is introduced into a porcelain crucible 
heated by meanS of a blowpipe, a contraction first occurs, and then, at 500°-600“, 
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a combination is nroduc.ni, accompanied by a bright incandescence and sufficient 
elevation of the temp, to cause complete fusion. The fusion temp, of muture.s 
of silicon and palladium varie.s largely with the content of silicon. • With an 
mcrea.sing proiiortion of silicon, the m.p. fallufrom 1587 for pure paUadium to 
the minimum of «7I)‘, corresponding with 6 per cent, of silicon; it the# rises 
rapidly to the maximum llir for 11-70 per cent, of silicon (correspbndmg avith 
fialliuliiim hemisilicide, the m.p. then again falls, rcachmg a second 

minimum of 7,00 ' for 10 per cent, of silicon, and aft"""*!? 
maximum of 000“ {or 21 per cent, of silicon (corresponding with p^ladium mono- 
silicide, IMSi). With 25 per cent, of Milicoii thrre occurs another mimmuni at bJO , 
corrcspoiiding with a eutectic, and then the m.p. rises gradually to‘that of pure 
silicon. Mixtures' containing less than 20 per cent, of silicon show a well-dehnetl 
slackening in the rajc of cooling, followed by a recalesccnce, the rise in temp, 
being sufficient to raise the mass to a bright red heat. Ihe increase in incan¬ 
descence so observed starts at a point in the mass and spreads in a manner similar 
to thn crystallization of a supersatutated soln., and the similarity in the two 
pinmoinena is furtlier shown by the fact that the recalesccnce is prevented by 
contact of the mixture at the commencement of solidification with a small 
fragment of a similar 'ingot previously prepared. The behaviour, on cooling, of 
mixtures containing more llian 21 per cent, of silicon, indicates the presence of 
the eutectic (Sird—Si). Ingots which have undergone recalescence Lave a 
different structure from the same product.s, tempered before the ajipc^arance of 
this phenomenon. In the latter case, two homogeneous constituents are always 
observed, and are very easily distinguished by oxidation. When, however, 
recalescence lias occurred, the more oxidizable constituent is besprinkled with 
small crystals. The ingots corresponding with the compositions Pd^Si and PdSi 
are both homogeneous, but only the latter silicide has been isolated in a crystalline 
form. When ingots containing above 60 per cent, of silicon arc treated with dil. 
potash-lye, the free silic^on dissolves, leaving small, very brilliant, bluwh-grey 
fragments of tlie monosilicide of sp. gr, 7*31, which, when hot, is attacked by 
fluorine and chlorine; is superficially oxidized by oxygeii at a dull red beat; is 
attacked by cold nitric acid and aqua regia ; but not by hydroeldoric or sfulpliuric 
acid; and is slowly attacked* by alkali hydroxides. ‘ 
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§ 16. The Hydrogeu Compounds o! Silicon 

Carbon is tho dominating element in organic nature, while silicon unquestionably 
preponderates in the mineral world. The activities of carbon are most marked 
at comparatively low temp., silicon at high temp. For instance, carbon dioxide 
can displace silica at ordinary temp., and at high temp, silica cah displace carbon 
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dioxide. Both the carbonates and the silicates are hydrolyzed at ordinary temp,, 
BO that a(i. soln. of both salts give alkaline hydroxides - carbonic acid is also formed 
in the one case, and silicic acid in the other. Just as methane can be regarded as 
the starting-point of that branch of chemistry usually called organic, so t he analogous 
sili(jpu hydride can be regarded as the parent of a scries of substances called silico- 
organic compounds. In 1863, F. Wohler' emphasized the analogies between the 
carbon and the silicon compounds, and it would be ea.sy to compile a long.list'of 
semblances and another list of dissemblances. For example, the compounds of 
silicon and hydrJgen, the so-called bydrosilicons, are in some respects formally 
analogous with the hydrocarbons, but the analogies cannot really be pushed very 
far. 1). Is Mendeleeif, and J. E. Iteynolds argued in favour, of the analogies; 
H, Moiasau against. The latter has said : 


liO Carbone ost Heul. II nouH ai’iiible, en clTet, qu'aucuii auire corps siinplo ne [unit 
liii etre compart*, et riimnense develo])pment do hi chimio urganiquo seinble justiflqs cctlo 
ndjiaration. Malgre ilfaut bion recoj^naitro quo les composes dits organiques dii siliciuin 
ne He rapprochot millement jiar leurs proprii't^s dos c«)rnpos/‘8 du carbolic do mdme forimilo. 

• 

The number of hydrocarbons is enormous, very few hydrosilicons have been nmilc ; 
the former arc usually very stable, the latter unstable. How far does the analofjy 
between silicon and carbon go ? Is it only a (piestion oPtime and trouble for the 
development of a system of silicon chenystry analogous to that now establislied in 
carbon chemistry t Was H. Moissan correct in contesting any deep-seated 
n‘seml)lance betweim silicon and carbon ? According to A. Htock, in spite of the 
agreement in thii maximum valencies of the fundamental affinity units of these 
two elements, the two elements are distinctly dissimilar. He said that while the 
affinity of carbon is about equally strong for positive and negative non-metallic 
elements "hydrogen, oxygen, sulphur, nitrogen, and chlorine—there is an enormous 
dijf»‘rence between the [lositive and negative affinities of silicon. The affinity of 
silicon for oxygen is so jiredominant that practically all other silicon linkages are 
brokim down by the action of cold water. A further ditference is that while tin* 
four valencies are symmetrically distributed in carbon, they are not so in silicon. 
W. Harlow and W, J Pope empliasized this from the point of view of the valency- 
volume tluiory. ^ 

The tirst four memb(*r8 of the homologous senes of hydrosilicons, analogous 
with the methane series of hydrocarbons, have been isoUted, and there are indi¬ 
cations of the existence of the next two members. P. Lebeau,^ and A. Besson 
have obtained evidence of a silicoethylenc of silicoethene, (Si 2 H 4 )„. J. Ogier has 
described a solid analogous with (Siglla),; and C. S. Bradley, a yi^Jlow solid with 
a composition, (SijHo),, analogous with aci'tylene. There is*some doubt ^out the 
existence of the un.saturated hydrosiliSons. The jiropertics of the analogues methane 
and silicomethane arc totally different. Several substitution products of the 
silicomethane series have been made in which aliphatic or aromatic carbon radicles 
have b(*en introduced, F. H. Kipping has also establislu'd the existoneci of dextro- 
and hnvo-rotatory forms of phenylethylpropylbenzylsilicano-snlphonic acid : 


CgH/ ^^CHg.CfiH^.HSOa 


Tlio homologous series of saturated hydrides with the general form^ St^ 2 «+ 2 . 
is formally analogous with the saturated series of hydrocarbons. For 

example: • 

• * Si»H2»+2 


Silicon letrahydride, silicane, or silane . . . . 

Disilicon hexaliydride, siliuoetbaue, or disilane 
^ Triailicon octohydride, silicopropane, or trisiiano . 
Totrasilicon decaliydride, silicobutane, or tetrcuilane 
IVnt^Uicon dodecahydride, silicopentane, or pentaailane 
He.xasilicon toiradecahydride, silicohexane, or hexasilane 


SiH* 

Si|H. 

Si.H, 

S^Hio 

8i*H„ 

8i.Hu 
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On account of the formal analogy between methane, CH 4 , and silicon tetra- 
hydride, iSill^, F. S. Kipjiing proposed the term silimne for the latter compound. 
A. Stock likewise used the termination -ane for this series, but he cut out a syllable 
so that the first member becomes monositane or simply silane, and it has the com¬ 
position Silli; dmlaiie, ; etc. In A. Stock’s nomenejature, the rfdiclo 
SiH 3 , corresponding with methyl, CH 3 , is called silyl ,* the radicle Si 2 H 5 , disiiyl; 
etc. .^wo Silla radicles arc designated hisilyl or bis-silyl. The bivalent radicle 
SiO is called silk-yt. The immibcrs of the homologous series Si„H 2 „, namely, 

Si 2 ll 4 , SijHj, SijHg.are distinguished by the termination -«ltc, as is also 

the case with the formally analogous ethenc sitries of hydrocarbons, C*H 2 „. For 
example, i.s. called ,lt.nlc»e, Si^Hg, t.e. HgSi: SiESiUgSiHg is »tetrasileno; 
etc. Similarly, the members of the homologous series Si„H 2 n- 2 , namely, SiaHai 
SigE, . . ., are distinguished by the termination -ine, as is also the case with 
the formally analogm'ls cthme senes of hydrocarbons, C„H 2 „_ 2 . Thus, silico- 
acet^ene,, Si 2 ll 2 , becomes siline; etc. Thccradiclc Si 2 H 3 is called disilenyl; 
silicochloroform, SiHCls, in A. Stock's aomenelature, becomes triehloromonosihine; 
SijClj, is^tochlorotrisilane or pmddurotrisilane; SiH 3 (OH), monosilanol; SiH 2 (OH) 2 , 
tmmsthuulwl: 11.SiO.OH, or silicn-formie acid, becomes monosilank acid; and 
(SIO. 011 ) 2 , ft silku-omlie acid, biwomes dmlank acid; etc. Compounds with 
both carbon and silicon have the prefix silico-; thus, SiH 3 .(’H 2 .CH 3 is monosilico- 
propaiie; 81 ( 02115 ) 4 , sdka-nunaiu', is called Mrarthylmotiosilane; and C 3 H 7 .SiO.OII, 
silkohulyrk acid, is railed propyhioiiusdanu: acid. 

The preparation of silane. The simplest compound of silicon and hydrogen, 
silicon tetrahydride, also called silimne, mmmsUanc, or sHanc, SiH 4 , was discovered 
by H. Buff and F. Wohler m 1857, and described in their memoir: Veher neue 


Vcrhitidangeu des Silkiums (Gottingen, 1857). They 
W ' called it Silkiumumscrstojfyas — silkiuretted hydrogen. 

"" The. gas occurred among the products of the action of 

hydrochloric acid on the impure alunnnium silicide 
y wL. Ta, whicdi they had made; and it was also made by the 

j,' nj electrolysis of an a((. soln. of sodium, ammonium, niau- 

rliil ganese, or ferrous chloride, using an alloy of alufninium 

nif** ,^P ' and'.silicon for the positive pole. In‘1858, F. Wohler 

,, „„ , made the gas by the action of acids on manganese or 

"^’o/'lTnpuroailine." filicide. The gas is spontaneously iuflani- 

iiiablo ill ttir, and this property can be illustrated by 
the simple apparatus, Fig. 2d, which is filled with dil. hydrochloric acid. 
Magnesium sliicidc is dropped into the funnel, and the bubbles of gas rising 
to the sbrfacc of the water in the dish ignite'ft'ith a flash, and form rings of silicon 
dioxide. 


The gas whicli is formed by tin* action of acids on magnesium silicide is a hetero¬ 
geneous mixture. 11. Moissan and S. Smiles say that the gas is essentially hydrogen 
mixed with 4-5 per cent, of silane, and some ailicoethane which can be separated 
by condensation and 8ubse(|uent fractional distillation. C. Somiesky found that 
the 13‘7. grma. of silicon in 16'3 per cent, magnesium silicide gave : 

.Silicon as . SiH, Si,H, Sijllj ShH.o Higher Hydrides 

Gnna. S^i ^ 12 0 !)3 0*52 0*30 0'22-Total 3’17 grins. 

A. Besson also showed that the white solid which is formed is probably silico* 
oxalic acid. If phosphide or sulphide be present as an impurity in the silicide, 
the resulting gas will contain hydrogen phosphide or sulphide. H. St. C. Deville 
and H. Caron obtained the spontaneously intiammable gas by the action of acids 
on siliciiod zinc ; H. Moissan obtained the gas by the action of acids on lithium 
silicide ; and A. F. Holleman and H. J. Slijper obtained the gas by the action of 
water on amor})houa silicon prepared by using sodium as a reducing agent. The 
silicon hydride is supposed to have been derived from the sodium silicide present 
as an impurity. 



SILICON 

• 

The preparation of magnesium silicide for making the silicon hydrides has 
been previously discussed. A. Stock and C. Somiesky noticed that the reaction 
between the acid and the silicide occurs in two stages. In the eold, there is first 
a copious evolution of the silicon hydrides, and a brown flocculent substance is 
fortjed which decomposes slowly*in the cold, and rapidly when warmed, forming 
tl^ whiter solid. The yield of silicon hydride is largely determined by the con¬ 
ditions under which the acid attacks the silicide. Hydrochloric acid seems the mysl 
suitable because it introduces least disturbing side-reactions. The lower thh temp., 
and the mo(p rajfidly the acid attacks the silicide, 
the better the yield of silicon hyjjrides, but, since 
the actionof the acid is rather slow in the cold, a 
temp, of 50" was found to bo most suitable for 
preparing silicon hydride. The yield is also br^tter 
when the silicide is gradually added to the acid - 
not too dil.—rather than when th^cid is gradually 
added to a mixture of the silicide and waier. For 
the mechanism of the reaction—etde magnesium 
silicide. A. Stock and C. Somiesky’s apparatus 
for gradually adding the silicide to the acid is 
illustrated by Fig. 24. 

A re|m*«eiitsHglass tulw littoilwith rubber-stopjx'rs 
H8 shown. The stopper li is elAiniHHl to tlie tul>e to 
prevent it Ix'ing forced out by the press, of tlio mercury. 

The sido-tulKi F m connected to A by ruhlhor-tubing, and 
it is fitted ui conjunction with the inercnry-liolder H so 
that mercury can be introduced into A by o|)eiiing the 
e«K;k i, or removed by opening the cocky. A wooden 
disc K, fitb'd with a glass cylimler L, floats on the Fici. 24.—Apparatus forgratlually 
mercury m the tulto/I ; and the wooden disc supports Adding MagnoKium Hilicidie 
about 100 grins, of granular magnosium silicide con- to the Acid, 
tained lietween the cylinder L and the fall-tube C, 

which 18 40 cms. long and 0*0 cm. Ixire. The other end of the tnl>e (J enters the gas- 
gcnoratuig flask. The lube (' is arranged so that the knocker, of an electric-ball <‘on- 
nectell with an accumulator, keeps the tube uniformly vibrating. 'J'hia ensures a steady 
full of tlie magn«Hium silicide down the fall-tube, as jthe mercury rising in C lifts the 
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^silicide above the upper level of C. The side tube of 0 is connected by mearui of a 
rubber tube with a T-piece fitted to an apparatus supplying hydrogen to the gas-generating 
flask, O. 

A four-litre flask, 25, containing about 3 litres ofaKKpercent.soln. of hydrochloric 

acid is fitted tfi the charging apparatus, Fig. 24, and to the two trains of gas scrubbers shown 
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in Fig. 26. Hydrogen from » cylinder peases along a tube fitted with a wfety-tube M ; 
into u sulphuric acid washer JV; thence through a tube 0 contanung platn.i^d Mbeatos 
at a dull red-heat ; thence through another sulphuric acid scrubtor ^ I through 

a U-tulie Q of about 20(1 c.c. capacity, cooled with liquid air. The hydrogen tllen passes 
titd the bifurcated tube /i to tho charging apparatus, and to the gas-generating flask 0. A 
stopriered side-tul» ,V allows air-fieo carhon dioxide to ho passed through the apparatus if 
desired. Tho hyilregwi inlet tube dips below tho surface of tho acid in the^^sk ; the 
exit tuixt in connoctod fiy inouiis of rubber with four gas-washers, ?’j, Tj, 3 3 , to remove 
hydrogen olilorido j witli a fulciuin chloride tower U i and with a similar tower V charged 
with phosjihonw peiitoxido and glass-wool. The gas condensing tube, W, is cooled by 
liquid air, and it w fitted with a vacuum stopcock a, aud ordinory dock hj an end c 
giound to fit tho uppunitus subsequently employed for fractionating the liquefied gas 
which coIloctH III W. Hydrogen is passed through ^le whole of the apparatiis before any 
siheido IS added to fho acid, and it is continued during tlie two hours which kre occupied 
in adding 100 grins, df ailicKle fo the gas-gonerating flask 0, The part W is then removed ; 
and tho gawjs uro driven from tho apparatus by passing a stream of aii’-froe carbon dioxide, 
vid aV. , 

Tho fondf'iiHing tuix' is now comioctod with another apparatus fitted with tubes in 
whicirit is df) 8 irod to colloct tho gas, and so arrungeditliat any tube cun be sealed off by the 
blowpipe flame, or f»y inouns of a stopcock. sTho apparatus is evacuated while tho liquefied 
ganos aw still cooled by tlio liquid air. Tho liquid is then fractioned at the desired temp, 
'llio ^jondonsod liquid contains about a quarter of the silicon of the added magnesium 
silicido, in the form of tlio first six members of the lioinologous scries SinH 2 n-i- 2 ; tho 
romaining silicon app«»ars#iH sihco-oxalic acid. Assuming that the magnesium silicido 
contains tho hemisjliculo, llio roaclion involving the fonnntion of the first member of the 
series is symbolized : Mg,SI ptHCI- 2MgC'L | SiH,. 


The liquid obtained by cooling with liquid air the gases evolved when magnesium 
silicido is treated with acid, is distilled in vacuo between - 125° and —120°, by 
using a bath of ali^ohol rendered viscid by cooling in liquid air. The operation 
requires 5-10 mins. Tho fraction can be again conden-sed by liquid air, and 
rofractioiiod. The jiroduct is silane, 'rhe gas can be collected over mercury ; 
100 grins, of magnesium silicide give I'O grms. or 1100 c.c. of silane. 

According to 0. Friedel and A. Ladenburg, when silico-cliloroform, SiHCl^, 
is treated with absolute alcohol, ethyl silico-orthoformate, SiH(OC 2 H 5 );{, is jiroduced. 
The product is also called triclhoxymonosilarn’, aud when treated with sodium, it 
furnishes silicane. and silicon tetracthoxide: 4Sill{0()2H5)3->SiH4 j 3Si(0(’.Jl5)4. 
The function of the sodium is not known. 

The tricthoxyiiKiiiosiilaiio is adilod to a diwtillalioii flask—with a bulb 6 ciiis. diameter 
and neck 20 cms. long—provided witli pieces of sodium. Tho rnixtiire is gradually warmed 
over the fi^oe flame, and finally healed to tho h.p., wlion about 2 litres of silann will bo 
given off in about 2 hrs. Tlio gas is coUoctod over mercury. Tlio roaetion jirocmlB at 
lower t»mip. if potassium bo used in jilaco of sodium. Oxygon must bo carefully excluded 
or an explosion piay bo produceil. Tho gas is ahuo-st pure, but not quite free from otlier 
Niheon hydrides. . 

0 . Riifi ami C. Albert fiiuml that a small proportion of silane is formed when 
aihcorhloroform is ilocomjiosed by a soln. ol sodium hydroxide. A. (1. Vournasos 
boated an equimolar mixture of anhydrous sodium formate and amorphous silicon, 
or, 'better, aluminium silicide, in a graphite tube at 1300°, and obtained a little 
spontaneously inlhimmable .silicon hydride along with much hydrogen. He also 
made a little silicon hydride by heating a mixture of sodium formate, sodium 
hydroxide, and silicon chloride or sulphide in a stream of hydrogen. 

As previously indicated, C. Kriedcl’s attempts to induce the direct union of 
hydrogori amhsilicon at 1000 °, or at the temp, of the electric arc, were not successful. 
E. Vigouroux, however, said that combination does occur at a white heat if a third 
element be present; aud A. Dufour noted the presence of silanf in the gas obtained 
when hydrogen is passed over silicon heated above its m.p. by the oxyhydrogen 
flame, or in the electric arc furnace. He said that if an electric discharge be passed 
through a tube filled with silicane, there is an immediate deposit of amorphous, 
silicon, which, in about half an hour, disappears and is re-formed in the dark space 
about tho cathode, even if the other parts of the tube aro cooled to 80°—hence 
the phenomenon is not due to the distillation of silicon from the hot to the cold 
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parts of the tube. With arsenic hydride, under analogous conditions, the arsenic 
is distilled. The equilibrium conditions in the reaction Si+ 2 HjeiSiH 4 were studied 
by H.*von W'artenburg. He found that the decomposition is slow below STtO'’, 
and it is therefore necessary to employ a catalyst—e.y. linely divided nickel. If 
Pi^enotes the partial press, of Ac silane, and p that of the hydrogen, above 180", 
tjie obs(*ved values agree with log (pj/p2)=8700/4'572'—I TO log T- ()-7, where 
—8700 cals, represents tlie thermal value of the reaction Sillj—Shoua i 2 H 2 8700 
cals. At 380°, for p~-on<> atm. the dissociation is almost comjilete, 991)'per cent. 
At 180 °, thj obsfrved degree of dissociation is O 'JO, and at 260°, 0'93, the calculated 
values are 0'86 and 097 respectively. At temp, between 100° and 150', the 
press. aro«higher than those corresponding with the above equation owing to some 
disturbing influence which H. von Wartenburg suggests may be the reaction: 
flHilL^-SiaH^d 2 H 2 . 

The properties of silane. —Silane is a colourless gas, and, according to A. Stock 
and C. Somiesky, a trace of the gas has a faint odour recalling that of^tibine, 
but when more cone., the gas has a laipulsive smell, and produces a headache. 
They found that 83 05 c.c. of the gas at 19° and 750 mm., or 76'62 c.c.«t 0° and 
760 mm,, weigh 01103 grm.; consequently, 1 c.c. of the gas at n.p.t. weighs 
1’440 mgrms. The density of fhe gas at 19° is 16'32 ; and the mol. wt., 32 ‘29. 
The sp. gr. of the liquid at —185" is 0 68. A. 0. Itankine and 0. J. Smith found 
the viscosity of gaseous silane to be0 0001078at 8°; 0 0(K)1134 at 15°; andO'0001436 
C.d.S. units at 100"; \V. Sutherland's viscosity constant (1. 13,3) is 229; and the 
mean collision area of the mol. is 0'989 X 10~>^ sq. cm. J. Ogicr first liquefied the 
gas and found that it remains gaseous at 1° and 200-300 atm. jiress., and at 
O' and 150-200 atm. [iress., but at —1° it liquefies at 100 atm. press,; at —5°, at 
70 atm. press.; and at - 11°, at 60 atm. press. The critical temp, is therefore 
near 0°. K. Adwentowsky and E. llrozdowsky gave —3'5° for the critical temp., 
and 47'8 atm. for the critical press. H. Moissan found the. f.p. to be near —200°; 

and A. Stock and C. Somiesky found a sharp m.p. for tlie white solid at —185°. 

It. Wintgen, and .\. Stock and co-workers found tlie heat of vajiorization to be 
3'029 Cals., and the molar heat of vaiiorization at 0° to ho 4246'7 cals.; 2782 cals, 
at 3*° K.; and Trouton’s constant, 17'3. Theb.p. of the liquid is —112“ at 760 mm., 
and the vap. i^esa. of the liquid is ; , 

-160" -ir,0" -140" -130" -120", -US" -114" -112" 

Vap. press. , 11 41 102 2110 470 530 6110 700 mm. 

K. Wintgen reprc.sciited the vap. press., p, by the equation log p:--6’9961 
■■ fi62-6r~‘. Comparing the more important constants of silanc««nd methane : 

* M.p. ' It p. (760 mm.) Sp. gr, liquid 

Methane, CH, . . , -IS4' -KiO" 0-416 ( .164°) 

Silane, .SiH, . . . -Is.^" -112“ O'OSO (--185“) 

Silane is quite stable at ordinary temp.; nor is the dry gas decomposed on 
exposure to light. At a reil heat, A. Stock and C. Somiesky found it to be decom¬ 
posed into silicon and hydrogen ; silane, however, is not decomposed so easily as 
the other silicon hydrides, since when the latter are sent at a low pr&s. through 
a quartz tube at a dull red heat, some silane is formed ; this is also the case when 
.silicochloroform is heated: tSiHCla^Sillj-i 3 SiCl 4 . J. Ogier said thbt silane is 
completely decomposed into its constituents at 400°; the reaction, however, is 
reversible as indicated by H. von Wartenburg —vide silpra, where the observations 
of A. Dufour,"and E. Vigouroux arc described. J. Ogier found that silane is 
decomposed by the electric (iischarge, forming hydrogen, amoriihous silicon, and 
a yellow solid which takes firf on percussion, or when heated in air ; it takes fire 
m an atm. of chlorine; it is but little affected by water; and it is insoluble in 
alcohol, ether, benzene, chloroform, silicochloroform, and silicon tetrachloride. 
It contains^-S per cent, of silicon, and J. Ogier represented its composition by the 
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fonnula (SijHj),; there is, however, nothing in the analyses to justify its recogni¬ 
tion as a chemical inilividual. J. Ogier also found that if a mixture of equal vols. 
of silane and nitrogen be sparked, ammonia and a yellow solid are formed; the 
latter contajiis nitrogim, because it gives ainiuonia when treated with water. 
J. Ogier found the heat of combustion of one gram-eq. of silane in oxygen tq be 
324 3 tals., which is less by 24'8 Cals, than the heat of combustion of its con¬ 
stituents ; hence h<! argued that the heat of formation of silane from its elements 
IS 24 S Cals.- note H. von Wartenburg’s measurement above--the heat of forma¬ 
tion of methane is 22 (.!als. ‘ 

According to H. .Moissan and S. Smiles, the spontaneous inflammability of silane 
IS due to the presence of minute proportions of other siUcon hydrides. 'C. Friedel 
and A. laidenberg said that the purified gas at ordinary temp, and press, is not 
spontaneously mflamiiiable,-but it will inflame by slightly raising the temp., or 
lowering the jiress.; the purified gas inflames in air it bubbled through warm mer- 
ciiry, tw if a hot knife-blade be held in the gas,,bubbling through cold mercury. 

J ho gas inllaines if an be bubbled into .the purified gas at 100-150 mm. press. 
A. StockMnd C. Homiesky said that small bubbles of the purified gas do not usually 
Ignite in air, but larger bubbles sometimes lire spontaneously with the production 
of brown flakes; it othjr silicon hydrides are present, the gas always fires 
pontaneously in air. To avoid accidents, air should not be allowed to enter a 
vessel containing sdaiie. K. Heumaim said that the spontaneously inflammable 
gas can be preserved over mercury or over air-free water; but if the water has air 
so n., the gas becomes foggy, and lo.ses its .spontaneous inflammability. A. Stock 
J decomposed by water ; SiHi-l-flHoO 

, -■ exposiin^ at 20" between 5 ami 20 percent, of the fras 

sri r m ^as complete. K. Heuinann 

h L" ^ bubble of the siiontaneously inflammable gas entering the atni. 
bu sts explosively into flame, and the white flame emits clouds of silica in vortex 

atT bimt tli’l “‘ '™gae issuing from a tube into the 
n. bunw with a white luininoua flainc, which in sunlight casts a well-defined 
shadow. According to 11. Jiuff and F. Wohler, if cold porcelain be heldbthe 
b ”'^1 ‘’"’""“'‘■y'-'*!'’" ii'''' i'’ 'leposited ; and if the tube conveying the 
Ttl e nh ; ? i "'‘'"'Pl'ons silicon is depositfiil on the walls 

of a r , XV no r inflammable. A bubble 

of air, oxygi n, or chlorine ilitroduced info the gas causes a flash of light 

air aiid ™™en have studied the oxidation of the siheon hydrides by 

air and oxygen. They moderated the violence of the reaction by slowly adding 

- o" : ;rr“ Mr.de under reduced pri4. ai/betwem^ 

fine uWsrH V tlie reaction consist of unchanged hydride 

artificial nitrogen (and argon) when air or 

artifaual mixtures of nitrogen and oxygen are used (the oxygen is invariably con- 

Zs r.!dl'oulmitu “f ^^<^0 hydrogei^later. and, in certain 

f “ . “ 7 ^“ '' '^nnipounds formed during the oxidation. 

In addition, there is formed a colourless, non-volatile residue which generally com 

Th!! Mnsit on the whole wall of the vessel 

The colohflessscomponents are readily dissolved by very dil. soln. of alkali and 

aKride'flsrHO ol etr^tr^h” Proafloxaii, (SiH^O),, silicoformic 

a inyarme KSiHUlaO],, etc., the brown components contain ailicon and possibly 

cMv whetTh** “'“"‘'.Mndes poor in hydrogen; they appear to be^forined 
chiefly when the action is accompanied by considerable local heating and a defi- 
ciency of oxygen. In spite of variations in the temp, and in the degree of dilution . 
bL™H P™“<»l\'"oderately uniform. The oxidation prpceeds 

cSlt wlT S'Hs^H, since the presence of (SiHsljO in more than traces 
could not have escaped detection. The mam derivatives of silicon produced during 
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the oridstion are the polymeric forms of SiHjO, OH.SiHO, SiO(OH)j, etc. The 
water is supposed to be produced from hydroxylated silicon compounds which 
become decomposed as the temp, is allowed to become atmospheric, thus SiH 2 (OH)j 
-^SiHjO-l-HjO. In those cases jn which elementary silicon is deposited, a part of 
theeliberated hydrogen is doubtless due to the thermal decomposition of silane. 
It* prodifction is not due to a secondary hydrolysis of silane, or its primary 
oxidation products by water formed during the reaction ; but it is rather a .primary 
product of the oxMation: SiH 4 -f 0 -=SiH 20 +H 2 ; a reaction of this type is unusual 
and apparently due to the preponderating affinity of silicon for oxygen. The 
production of hydrogen accounts 4or the peculiarities observed during the. combus¬ 
tion of silifon hydrides, which differs markedly in its violence from similar cases 
of spontaneous ignition such as the quiet inflammation of phosphorus hydride. 
The process consists of the following successive steps: inception of oxidation, 
liberation of hydrogen, formation of a mixture of oxygen an3 hydrogen, and igpition 
of the latter when the temp, has been raised sufficiently by the heat of the reaction. 

The gas burns in chlorine or in chlorWcs, which easily part with their^chlorinc 
—e.,17. carbonyl chloride, antimony pentachloride, tin tetrachloride, etc. Accojding 
to K. Mahn, bromine forms with silane a mixture of Si 2 H 2 Br 4 snd SiBr 4 ; (J. Buchner 
said that silane mixe<l with hydrogen reacts with iodine, farming silicon tetraiodidc, 
and silico-iodoform ; iodine chloride reacts feebly and produces the hexachloridc, 
Si 2 Cl 5 , and phosphorus tri- and penta-thloridcs, antimony pentachloride, and tin 
tetrachloride react similarly. T. Wilm and G. Wischin found that carbonyl chloride 
docs not form an acid chloride, but parts with its chlorine. H. Buff and F. Wohler 
observed no change when silane is brought in contact with nitrous oxide, nitric oxhle, 
ammonia, dil. .sulphuric or hydrochloric acid. A. Stock and C. Somicsky also 
observed no reaction between .silane and dry ammonia, or cone, sulphuric acid. 
H. Buff and F. Wohler stated that silane reacts with a soln. of cupric sulphate 
preciiiitating what they regarded as brown copper silicide, and possibly some 
copper and .silica ; that it doe.s not react with soln. of lead acetate or hydrochloro- 
platmic acid ; that it ])reoipitates palladium free from silicon from soln. of palladous 
chloride ; and that with .soln. of silver nitrate, grey silver and black silver silicide 
are precipitated. G. Buchner stated that with neutral or acid soln. of eilv<^r 
nitrate, a yellowish-brown preciiiitatc is first fornfed which then becomes black, 
lie repre.sent.s the reactions ; SiH 4 -f SAgNOj—Ag 4 Si, 4 AgN 03 -f IHNO.^; followed 
by Ag4Si,4AgNO;)-t IHoO 8 Ag-|-H 4 Si 04 ffllNOj. The more stable methane 
docs not reduce like silane. Many of the less stable hydrides—like silicon 
hydride, hydrogen .sulphide, and hydrogen iodide reduce in virtue of the hydrogen 
liberated during their decomposition ; other hydrides reducc^by theHirect oxidation 
of their elements. Thus, with arsdtiic hydride and silver nitrate, arsemous acid 
and silver are fornunl during reduction. H. Buff and F. Wohler found that soln. 
of alkali hydroxides decompose, the gas in the. cold ; and, according to A. Stock 
and 0. Somiesky, soln. of alkali hydroxides decom))ose the gas more rapidly than 
does water ; an alkali silicate, is produced : SiH 4 -f ^NaOH -t-HjO—Na 2 Si 03 d- 4 H 2 . 
At room temp, the reaction is complete in 2 hrs. with a 3.3 [ler cent, lye ; and in 
24 hrs. with a 10 per cent. lye. ^ . 

A small quantity of an aq. soln. of potassium hydroxide was introduced into a ouditT. 
meter containing 2*8 c.c. of silane confined over mercury ; 11*1 c.c. of jiydregen were 
formed. Hence, one vol. ef gas gives 3’96 c.c. of hydrogen. Within the limits of experi¬ 
mental error, this agrees with the empirical formula SiH 4 ; apd, since one litre of the gas 
at n.p.t. weighs l'4538^rras., the mol. formula may be taken as 

A. 0. Rankine and C. J. Smith discussed the electronic structure of silicane. 
With dry sodium or potaasium hydroxide, a vigorous reaction occurs, and the surface 
of the hydroxide liquefies. Intermediate products are formed which in contact 
with water rapidly decompose into hydrogen and the alkali silicate. There is no 
apparent reaction with alcohol, ether, benzene, carbon disulphide, chloroform, or 
carbon tetradhioride. The organic liquids dissolve a little of the gas. 
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Siliooetliane.-H, Moissan and S. Smiles 3 found that when magnesium sihcide 
reacts with hydrochloric acid, hydrogen containing about 5 per cent, of silicon 
hydrides is evolved. If the gasc.s be cooled by liquid air or oxygen, the Rihcon 
hydrides solidify, and by allowing the solid to liqqcfy, and fractionating the liquid, 
silicoetbane, dwlkune, or disilane, Si«H(, is obtained as a mobile, colourless liqjiid. 
P. Lebeau made the gas in a similar manner. H. Moissan obtained the same com- 
jKtRnd by this action of liydrochloric acid on lithium silicidc. According to A. Stock 
and C. Somk’nky, the liquid which remains after removing most of the silane from 
the gases obtained in their method of preparing silane (y.o.), when distL'led between 
—120° and - 110° for about 2 hrs. furnishes a mixture of silane and disilane. The 
silane can be removed by re-fractionation between —100° and —10.b°. "The yield 
of disilane is 400 c.c., or I'l grms. per KXJ grms. of magnesium silicidc. A. Stock 
and C. Somiesky tried unsuceesslully to make, silicoethane by the action of alkali 
metals on moriochlorosllane. There are difl'erenees in the properties of the pro¬ 
ducts as (lescrilied by H. Moissan and .S. Smiles, end by A. Stock and C. Somiesky, 
due, say the latter, and also P. I.ebeau, to the contamination of the former’s product 
with ^higher silicon hydrides. Por instance, H. Moissan and S. Smiles say that 
silicoetliiiiie at ordinary temp, is a colourless liquid boiling at 02°; but A, Stock 
and C. Somiesky say that it is a colourless gas, which furnishes a liipiiil boiling 
at a iniieli lower temp. Silicoethane can be collected over mercury without per¬ 
ceptible (lecoinposition ; and it smells like silane, but is more repulsive. The 
density of t hegasat 2ria31'75 (theory, 37'l),and the mol. wt. is 64'() (theory, 62'6); 
H. Mois.saii and S. Smiles obtained a density of 2'.37 (air unity) at 100°. A. Stock 
and C. Somiesky found the sp. gr. of the liipiid to be 0'686 at -25°; and 

-US" -110" -00" -Ollt" -MR" -37" -22" -IS?" 

Vop Iiress. . 1 2 lO-ri 81 180 200 tiSO 725 inm. 

R. Wintgen represented the results by log p -"72.'378—ll.')3'6r"t. The b.p. is 
—1,’)° at 760 mm.; P. Lebeau gave —7°, and 11. Moissan and S. Smiles, 4-52°, 
and they said that the m.]). is --138°, while A. Stock and C. Somiesky gave — 132'5°. 
R. Wintgen, and A. Stock and co-workers found the molar heat of vaporization. 
The mol. heat of vaporization at 0" is 5443'! cals., and at 5111 cals.; and Troi’.ton’s 
constant, l!l'8. Disilane does not deconqiosc at ordinary temp., but.at about 31X1°, it 
is rapidly decomposed into a liquid and a brown solid which deconqioscs in contact 
with alkali-lye with the'evolution of hydrogen. The decomposition of disilane 
at about .51X1° resembles the cracking of liydroearbons; in addition to silicon, large 
vols. of silane are formed, the reaction being dependent on the reducing action of 
primarily libercted hydrogen on disilane. The higher hydrides are not produced 
in siitticiinit qnantitv to make, the method a jiracticable process of preparation. 
At higher temp., the fission of the disilane occurs, and hydrogen predominates. 
Disilane is more stable than the corresponding diborane. H. Moissan and S. Smiles 
say that when the gas is sparked under reduced press, for 15 mins, it is decomposed 
into amorphons silicon and hydrogen; the silicon appears as a reddish deposit 
on the walls of the. containing tube, and, added A. Stock and C. Somiesky, the 
decomposition by sparking is slower than is the case with diborane. Gomparing the 
chief physical proiierlie-s of silicoethane, diborane, and ethane : 

, M.p. B.p. (670 mm.) Sp. gr. liquid 

Ethane, (.'.H, .... -171-4'’ -89-3° 0-46 

Diborane. 13,H, .... 109“ - 87° 

Silicoethane, 8i,H, ." . -132 5° -1.5° 0-69 

• 

H. Moissan and S. Smiles say that when silicoethane is exposed to air at ordinary 
temp., it inflames spontaneously, burning brilliantly and explosively; P, Lebeau 
said that the spontaneous inflammability is probably due to the presence of silioo- 
cthene, SijHq, but A. Stock and C. Somiesky state that highly purified silicoethane' 
inflames spontaneously in air. The introduction of air into a flask containing silico- 
ethane produces a vigorous explosion with the separation of whifis and brown 
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flecks. Like silicanc, siiicoethane is slowly decomposed by water at room temp.; 
in 24 hrs., 20-25 per cent, of the gas was decomposed, and in 13 days only 3 per 
cent, remained undecomposed. H. Moissan and 8. Smiles say that siiicoethane is 
slightly soluble in water, and is slowly oxidized thereby; and, added A. Stock and 
(a Soiniosky, although the gas is not appreciably soluble in water, it is possible that 
th^aecomposition in contact with water occurs through the fornuition of an inter¬ 
mediate product soluble in water, because bubbles of hydrogen arc developed in 
the water during the reaction. They also found that this reaction is largely con¬ 
ditioned by tlje aik^alinity of the glass apparatus, for in quart z vessels, or with slightly 
acidified water practically no change takes place during several days. According 
to H. Moissan and S. kSmiles, when tlie gas i.s bubbled through warm bromine-water, 
each bubble becomes coated with a layer of silica ; nitric acid produces a similar 
effect; cone, hydrochloric acid is without action ; and, added A. Stock and 
C. Somiesky, dry ammonia and dry hydrogen chloride havif no appreciable action 
in a short time. Cone, sulphuric jj|cid has no action during a short exposure,^but, 
udd(!d H. Mois.sjin un<l S. Smiles, the gas is dried, and it then cxjdodos more violently 
in c(uitact with air. Siiicoethane e.xploilcs violently in (contact with tulpluir 
hexafiuoride ; and it is soluble in ethyl silicate. A. Stock and Somiesky ftftind 
8 ili(S)eiliane to be fairly soluble in ulcoliol. and the soln ^to develo]) slowly a gas, 
mo.st of tlie siiicoethane being given off unchanged w'licn the alcoholic soln. is dil. 
with water. Siiicoethane is readily solirble in benzene and carbon disnljihide 
if tlie siiicoethane ])e mixed with hydrogen they can be separated by the latter sol¬ 
vent. If air has access to the soln. of siiicoethane in carbon disulphide sjxmtaneous 
ignition occurs. K. Moissan and S. Smiles btuml that siiicoethane explodes 
violently when mixed with carlxm tetrachloride, forming Jiydrogen chloride, carbon, 
and silicon; and A. Stock and C Somie.sky said that siiicoethane reacts vigorously, 
often with incandescence, wJien in contact with (carbon tetrachloride or chloroform, 
forming a brown solid. Silane and siiicoethane tlnis beliave differently in con¬ 
tact with th(‘se reagent-s. If Moissan and S. Smiles found that siiicoethane is 
attacked by a .soln. of p(»tassium hydroxide liberating liydrogen, and forming an 
alkali silicate ; it reduces aq. soln. of ferric chloride to ferrous cliloride, forming a 
browntprecipitate insoluble in hyilnichloric acid ; a dil. soln. of indigo is decom¬ 
posed, yielding a*groen precipitate ; acid soln. of buth potassium dichromate and 
permanganate are reduced, and in the latter case, brown manganese oxide is pre¬ 
cipitated : soln. of silver nitrate, and auric chloride are ro(fliccd; and with mercuric 
chloride, menmrous chloride is formeil. A, Stock and 0. Somiesky said that 
with soln. of cupric sulphate, a copper hydride seems to be precipitated ; and soln. 
of nickel sulphate, chromic cliloride, and lead nitrate are not wJianged. The 
properties of siiicoethane thus differf^ radically from those of ethane, but resemble 
in many resjierts tliose of .silicanc The difference between the hydrocarbon and 
the h}drosilicon depend on (i) the smaller affinity of hydrogen for silicon than for 
carbon; and (li) the readiness with which an oxygen atom can be interposiwl 
between the tw'o silicon atoms, but not the tw'o carbon atoms. It is, however, 
probable that siiicoethane and ethane are constituted alike : 


H /H 

H H 

Ethane, 


Hs /H 

H H 

H H . 

SillMCttiftnc, Bi.H. 


Silicopropane.--Iii A. Stock and C. Somiesky's meth'od of preparing silane, 
and siiicoethane, the residue remaining after the separation of most of the silico- 
ethane from the condensed gas obtained from the action of hydrochloric acid on 
iijagnesium silicide, is fractioned at —60°, and re-fractioned at - 70°. The product 
is silicoiTOpaiie, trMkam, or trisilane, SijH, ; the yield is 0 5 grm. for KXl grms. 
of magnesium silicide. Analysis corresponds with the formula SijHg. One c.c. 
of the gas at ».p.t. weighs 418 mgrms. The vap. density at 24° is 46’5 (theory, 
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461). The raol. wt. is 93 7 (theory, 93). The sp. gr. of the liquid is 0'743 at 
0°/4°. The liquid freezes to a crystalline solid in liquid air; and it melts at —117'4°. 
R. Wintgen, and A. Stock and co-workers found the molar heat of vaporization to 
bo 7 13 Cals. The mol. heat of vaporization at 0“ is 54431 cals.; and Trouton’s 
constant Ls 20 2 . They also found: 

-70" -50” -30” -10’ -0” 15’ 40’ oVo’ 

• Vap. press, .. 1 4 18 44 95 180 490 764 mm. 


The vap. press , /i, is represented by R. Wintgen by log p=7 6764—1559'2r~b 
The b.p. at 7(i0 mm. is .53°. The vap. press, varies a little with the age of the 
sample on account of a alight decomposition. *l'resh samples at 0 “ hipve a vap. 
press, of 9.5 :5 mm. Comparing the chief physical properties of propane and silico- 
propane: 


• M.p. B.p. (700 mm.) 8p. gr. liquid 

I*ro|Mui(', CjHg .... Mow *--196® —46® 0'64 

Silico-jiropHno, SijKg . . . —117’4® • -|-53® 0’743 


Silicopffipano is a light, mobile, colourless liquid much less stable than either silicane 
or sflicoethane. After 18 days’ storage at the room temp., a specimen, previously 
pure, contained less vol|itile silicon hydrides. Similar relations obtain between 
diborane and tetraborane. When heated, silicopropane decomposes into silicon 
and hydrogen, with silicane as an intermediate product. In air, silicopropane 
immediately inflames with a loud detonation and burns with a clear Hame, forming 
brown and white solids. .Silicopropane reacts slowly with water with the develop¬ 
ment of hydrogen: SijH, HilLO^gSiO^-flOH.^. After 24 hrs.’ contact with 
water, 18 per cent, had decomposed so that the velocity of the reaction is nearly 
the same as with sdicano and silicoetliane. Likewise with soda-lye, silicopropane 
decomposed rapidly; with ,3,3' per cent, lye, iK) per cent, had decomposed in 10 
mins, and the calculated quantity of hydrogen: 8 i 3 H 8 -|- 6 Na()H-l- 3 H.O-,l()H 2 
l-SNaaSiO;,, was obtained. Oarbon tetrachloride acts more vigorously on silico¬ 
propane than on silicoethane. The explosive action noted by H. Moissan and 
S. Smiles, and A. Stock and co-workers was observed only in the presence of oxygen : 
the merest traces of oxygen suffices to induce the change! A. Stock and P. Stiebeler 
represent the reaction with ckloroform by Si3Hg-|-40HCl3-Si3-ll4t'l4.|-4tTI.,Cl2, 
and Siallj^ l-r)(UI(Ti--;Si;jH 3 Cl 5 -|-. 5 CH 2 ( 11 . 2 , at 50° in the presence of aluminium 
chloride. Small quantities of methane, and methyl chloride are also produced. 

Silicobtttane. -The liquid residuq remaining after the removal of the silico¬ 
propane from the liipiid condensed from the gases evolved by the action of hydro¬ 
chloric acid OR magnesium silicide, is distilled at a temp, of -- 2 . 5 °, and the con¬ 
densed product re-fraclioned at —35°. Thciproduct is silicohutane, trlraifUkam, 
or tdmsihine ; the yield from 1(«) grins, of magnesium silicide is O'S grin. Analyses 
agree with the formula SijHio. The vap. density is 61 •() (theory tor Si 4 Hi|,, 61 2); 
the mol. wt. is 122-9 (calculated 123-3). One c.c. of the gas at 0 ° and 760 mm. 
weighs .5-48 mgrms. The sp. gr. of the liquid is 0-82.5 at 074°. The m.p. of the 
solid is about -90°. R. Wintgen, and A. Stock and co-workers found the molar 
heat of vaporization to be 9-18 Gala, -, and 
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109 . The ihysieal properties of «-butane, tetraborane, ancf sifiLbutane are; 
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Jiijuid, which very closely reseniblei silicopropane 
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in its properties. It decomposes fairly rapidly at room temp., and the vap. press, 
rises quickly on standing. The vap. changes the surface tension and meniscus 
of mercuyy. The gas decomposes into silicon and hydrogen when heated- - silane 
is an intermediate product. In water, drops of the liquid acquire a turbid film, and 
hydrogen is slowly developed. Itf inflames with a loud detonation when exposed 
to tBe air, Silicobutano reacts like silioopropaue with chloroform and carbon 
tetrachloride. , 

The liquid remaining after the removal of the aeries from silicane to ailico- 
butane probably Contains a small quantity of silicopentftne, peMwsitimne, or 
/xntasUane, SfjHij, and a still smaller quantity of silicohexaue, Itejcasilicane, or 
hexasilune, §i 8 Hi 4 . The former hifs a vap. press, of about I • o mm. at 0°, and the 
latter about 1 mm. No evidence of higher members of the scries than SisUi 4 
was observed. The ponta- and hexa-silanes appear to behave like the lower 
homologue towards air, water, alkalies, etc., uud also when heated. The higher 
members of the series are less stable to light and appear to decompose accosding 
to the scheme: Si6Hi.i-»2(SiH5.-l-Si2y8-l-SiH4. The unsaturated hydride, 
(SiH)„ cannot be obtained in a volatile form of low mol. wt. If obtained j)y the 
autodecomposition of the silicoparallins, by the action of the silent electric discharge 
on these compounds, by the action of acids on silicides, or by the action of sodium 
amalgam on siUcoparafiins and their chlorides, it always apjiears in the solid, yellow, 
associated form , its composition varying between (Sill), and (Silli. 3 ),. 

In general, it may bo said that silicon has a much smaller affinity than carbon 
for hydrogen , and silane, the most stable member of the series, is much less stable 
than methane. The former decomposes at SOO^-lOO", the latter at very much 
higher temp. The silane series of hydrosilicons are readily oxidized, and oven 
take fire spontaneously in air; as also do other heavily hydrogenated compounds 
of silicon— c.g. monochlorosilaue, SiHjCl. The members of the silicane series are 
decomposed by water, and mote rapidly by soln. of alkali hydroxides. Similar 
remarks apply to the organic derivatives of the type SiHltj, where R denotes a 
hydrocarbon—alkyl or aryl - radicle; although C. Tape's < tripropylsilane, 
8111 ( 03117 ) 3 , is not attacked by alkali-lye. A few alkyl or aryl derivatives of the 
type SjHRs are known, but none corresponding with SiHjKj or SiHjR have been 
made. About difty letra-alkylsilaues have been made from silicon tetra¬ 
chloride or silicochlotofotm by treatment with magnesimu alkyl halides. 
They range from the simple tetramethyl silane, 8 i(t!H 3 ) 4 , to the complex 
Si{ 02 H 5 )( 03 H 7 )(C 8 H 5 )(C 7 H 7 ). These compounds ate inflammable liquids resembling 
ligtoin or petroleum; their volatility diflers’but sUghtly from that of the corre¬ 
sponding hydrocarbons. They have been halogenated, sulphonate^ nitrated, etc. 
A. Bygden found the alkyl-silanes t^ be fairly stable liquids even in contact with 
water and alkali-lye; they show an asymmetric structure and optical activity; 
their rotatory power, however, is small in comparison with that of the corresponding 
hydrocarbons. The tetra-aryl derivatives of high mol. wt. are obtained more readily 
than the corresponding hydrocarbons— e.g, Si(C 8 H 5)4 is easily made, whereas 
id. Gomberg showed that triphenylmethane, C’lIfC'aUsls, is formed under conditions 
where tetraphcnylmethane, C'(CeH 5 ) 4 , might have been anticipated. The fact 
that tetraphenyhiilane, Si(C 8 H 5 ) 4 , aniitetrabonzylsilane, Si(C 7 li 7 ) 4 , can Dfe readily 
prepared, while tetraphenylmethane, CfCsHs),, can be made only with difliculty,* 
and tetrabenzylmetbane, 0 ( 07117 ') 4 , is not known, is taken to show tVt wyAo fire 
affinity of silicon for hydrogen is less than that of carbon, the affinity of silicon for 
(the hydrocarbon radicles is greater than that of carboif. The analogy between 
the siucon and e.arboh alkyl and aryl derivatives is perhaps not surprising when it 
is remembered that carbon per se exercises a preponderating influence on these 
compounds. Corresponding compounds with bismuth, tin, and lead are known. 

Compounds with chains of silicon atoms arc usually far less stable than the corre¬ 
sponding carbon compounds, and this the more, the longer the chain. Several 
derivatives o^ siiico-ethane ate known—thus, A. Bygddn made hexafnetliyltilico- 
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dhane, SijICHs),; C. Friedel and A. Ladenburg hexadhybUicoeihane, Si 2 (C 2 H 5 )j; 
W. Schlenk and J. Kenning, hexaphenyhdlicoelhane, BijiCjEj)),; and 6. Martin 
made hxaethoxysilicoetlmie, SiofOCjHjjj. The more complex halides of silicon 
or silicon compounds with h/drocarbon radicles, are rather more stable than 
the corresponding hydrogen compounds. The silicoethane derivatives with organic 
radicles, hcxamethylsilicocthane, and hexaethylsilicoethane, are Made f«)m 
silicon hexachloride by treatment with the respective magnesium alkyl halides ; 
and hexaphenylsilicoethaiio is made by the same reaction and by treating triphenyl- 
chlorosilane, (C'jH 5 ) 3 SiCl, with sodium; while hexaethoxysilicoethane is made 
by treating silicon hexachloride with alcohol. , 

Tie unsatnrated hydrosilicons.— The evidence of the existence of tinsaturated 
derivative,s of silicon-i.e. compounds with double-hnkcd or triple-linked silicon 
stoms-is very doubtful. P, Lebeau 6 reported that wheu the mixed gases formed 
by the action of hydibchlonc acid and magnesium sibcide are liquefied, and the 
iqiiid fractioned, the first product is a ga8eou8,mixture of silane and silicoethane, 
and a coloiirhiss liquid. The liquid explodes violently in contact with air, and 
burns with a bright flame. He said that the probable formula is SioH,, corre- 
spohdmg with sihcoethenc, or sibcoethykne. A. Stock and C. Somiesky consider 
8 a iiiistako they ol^amed no evidence of such a compound in their study of 
rk“ “f liyJfoobloric acid on magnesium silicide. This is 

confirmed by A. Besson and L. Fournier’s failure to prepare the corresponding 

of di . acids on calcium moiiosihcide to be silicocthylene, formed in accord with the 
equation : fls : Si: Si: Ca-f .IHCU-.qCaCla-t H.^: Si: Si: H.,. W. Schlenk how- 
ICnK'-nT^I *P*7'"‘bc«c/hyfc«c, (CeHef^SiiCH^ but the corresponding 
( 6 6)si • iiua not been obtained. J. Ogicr’s analysis of tiio product obtained 

a rnTturc"^ srT" "“b (SisHj)., but he was probLy dealing with 

a m xture. Similar remarks apply to C. S, Bradley’s alleged synthesis of what 

t'Svliri?1r''u'r'' by trLng calcium silicide 

at ordiv mn ' ‘='>"billine solid is not explosive, and is stable 

closed t ,7 I^T' ’ '7 to silica, and when heated in a 

d ssrive it wbhT “<1 /ibcoD remains. A soln. of sodium hydroxide 

of f by «>'> action 

and cold a*,hydrofluor^^id f,7,™L7l' "“bmg tlio product with water, 

hy the action of tho oxcesa of mtm, ' * assumod that the hydrogen liberated 
llvdride r ' P?‘"a“*"“'on water reaeted with the silieon, forming the 

nous in air; and it burils^“tiirrao7'^ 11 "'*^"’“'' lankly heated m red- 

till' silicon oxidiJid k^anse a7Z„7 "I b'“**’ ‘bo whole of 
bustion, water is modiiced everXn 7h 7 7'“.!! prodn^. During tho com. 
approaolunir mlniL If has boon dried m vacuo at a temp., 

flame is oimtted when silicon hydride is heauid in a covered cruciKe, a feoblo 

in an opeli crucible and theirio*" boated to incipient redness 

wndaXdu.rof siiicon '’■^1,'i‘b'o. hydrogen is expelled, 

fluoric acid, or notash Ive « wn.u ' 17 ? ‘7’ "’"'ams. When treated with hot hydro- 

H. St. C DoVillo doubted the * ‘l.nnnP'y adica is dissolved and hydrogen gas evolved. 

^ J Bo^ur Vrm7Jh7 .if'““’T “ hydrosilicon such as that d^ribed by 

oorxolius. More pi-olmbly the product was related with F, Wohler’s oxyhydridoa. 

RbP£BBKCK8. 

»’ ““S'. 1 H. Moissan, TraM * miniraU 

PeSaT I. Mendelieir, Tit Prlcipki 
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§ 16. Silicon Suboxides and Ozyhydrides—Siloxanes 

• 

Tlie wliitc product, resembling mother-of-pearl, obtained by the action of light 
and water on the yellow form of silicon was called by F. Wohler * Idtcone-A.tvK« 5 , 
white. The change occurs slowly *10 darkness. F. Wohler assumed that the 
silicon decomposed the water, and formed Icucone ; his analyses of the product 
ranged between 81411505 and 81411305 . 0. Hiinigsehmid’s analyses of the white 
product obtained by the action of air and light as well as of water on silicon, after 
washing with alcohol and ether, and drying in vacuo over sulphuric acid, corre¬ 
sponded with SisUsOi; it had a similar crystalline form to calcium silicidc. 
A. Geuther made a substance with a composition 11281305 , by the action ef hydro¬ 
chloric acid on magnesium silicidc. A. Michaelis considered it to bo silicoformi* 
anhydride, C. Winkler supposed it to be different. U. I. MendcUeff gavaSiH^Os 
for the composition of Icucone, and he regarded it as trihydroxysilaiM, SiH(OH) 3 , 
which he assumed to be the first product of the hydrolysis of trichlorosilane or 
silicochloroform, SiHCl 3 , a reaction which he symbolized: 8 iHCl 3 -)- 3 H 20 
=SiH(OH) 3 -|- 3 lfCl. He continued: This hydrate, like the corresponding hydrate 
of phosphorus or carbon, does not remain in this state of hydration, but loses a 
portion of its water. The carbon hydrate, trihydroxymethane, CH(OH) 3 , loses 
water ajid produces formic acid, H.CO.OH; but trihydroxysilicanc loses a still 
greater proportion of water and leaves Si 2 H 203 , which must be an anhydride, two 
remaining hydrogen atoms being left from the silane: 
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This product i«, therefore, called alicoformic anhydride, HSiO.O.OSiH. H. puff 
and F. Wohler discovered this compound in 1857 ; they showed that it i 8 -lormed,as 
a voluminous while powder when silicochloroform, silicobromoform, or silicoiodo- 
form is hydrolyzed by water at 0°; 2 HSiCl 3 -|- 3 H 20 = 6 HCld-Si 2 H 203 . C. Friedol 
and A. Ladenburg recommend the following mode of preparation: , 

r 

SilieocWorofortn, boiling between 34° and 35°, is gently distilled into water at 0°. 
d'ho <ind of the tube dippmg m water has a fiuinol-shaped end so as to prevent its being 
blocked by the formation ol the solid. As soon as the first bubble has traversed the liquid, 
the wlubi insoluble compound appears; and when the operation is ended, the product 
cun Iro niuihly separated by filtration, wusbed witii iced-water, pressed between folds of 
rilter-pa]H)r, and dnixl in vacuo over sulphuric acid.,. After these operations, the product 
can t«i dried nl 1.30® without decoinpo.sition. „ 
c 

l!. (lattermuim prepared this compound in a similar manner, bnt washed it 
with iced-water, alcohol, gnd ether. C. Winkder said that the compound is formed 
by the action of a solo, of ammonium chloride on magnesium silicide—the product 
is coloured brown owing to the presence of araorjihous silicon. F. Wbbler showed 
that this substance is probably present in the residue which remains after dissolving 
grey cast-iron, or manganc-se .silicide in hydrochloric acid. According to L. Cambi, 
silicoformic anhydride is jiroduced when silicon sulphide, SiS, in small pieces is 
treated with iced-water free from air in an atm. of hydrogen. The product can be 
washed with cold water, alcohol and ether. Hesaid t\mtsilicofmmicaciJ,}iM0.011, 
is probably formed first: SiS42H3O-~H2S-l-H.SiO.OH, and added: The formation 
of silicoformic acid is analogous to that of formic acid, which can be obtained 
from chloroform, carbon monoxide, or compounds containing bivalent carbon, 
such ns the carbylamine derivatives, 0: NR ; this analogy can be extended to the 
corre 8 |iondiiig germanium compounds. 

H. Buff and F. VVbhIer found that silicoformic anhydride is a voluminous, 
amorphous, white powder which sinks in ether, and floats in d’ater. It is not 
changed at dtH)’, but when heated more strongly, hydrogen and silane are evolved, 
and a mi-xt-ure of brown amorphous silicon and silica remains. L. Cambi said that 
in vacuo, at 400°. it sjilits up into hydrogen, silicon, and silica. 0. Houigsehmid 
said that when leucone. is healed in vacuo, the brownish-yellow crystalline residue 
which remains'iias the^composition of silicon tdmtritoxide, 81304 , and it dissolves 
in alkali-lye, and in hydrofluoric, acid with the evolution of hydrogen. H. BuS 
and F. Wohler stated that when silicoformic anhydride is heated in air, it glows 
with a (ihosphorcsccnt light, and is finally oxidized to silica; when heated in oxygen, 
it burns brilliantly; when heated in hydrogen, the evolved gas contains silicon 
hydride; it is not changed by cone, nitric acid or the other mineral acids, but 
with hydrofluoric acid, it is vigorously dissolved, and hydrogen, etc., is evolved. 
L, Cambi said that water oxidizes it at ordinary temp, and hydrogen is evolved : 
Si 2 H 203 -bIl 30 - 2 Si 03 -|- 2 H 2 . H. Buff and" F. Wohler found that aq. ammonia, 
and alkqli hydroxides or carbonates dissolve it giving off hydrogen, and forming 
an alkali silicate: Si 2 H 203 -|- 4 K 0 H= 2 K 2 Si 03 -fH 204 - 2 H 3 . D. I. MendeHeS 
said : “ The compound has no acidic properties and there are no acid hydrates of 
silicon, corresponding with formic acid, which give salts when acted on by alkalies. 
It must not, however, be forgotten that when formic acid is heated with an alkali, 
a carbonate and hydrogen are formed: CH 2024 - 2 K 0 H=K 2 C 03 -fH 20 - 4 H 3 . 
Consequently, a similar decomposition is accomplished with silicoformic anhydride 
as with formic acid, only at the ordinary temp.” L. Cambi said that siliqoformio 
anhydride is a strong rrfucing agent. L, Gattermann found that permanganate 
soln. are reduced by it, but not chromic acid; and H. Buff and F. Wthler obtained 
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with silver nitrate soln., a brown substance which, when treated with aq. ammonia, 

forms silver silicate. 

• 

H. Buff and F. Wohler examined the liquid which remained after the separation of 
ailicoformic anhydride by filtratioft. On standing, or when rapidly heated, or when 
amftmnia is added, hydrogen is evolved. The liquid has strong reducing properties, for 
it*8eparatM sulphur from sulphur dioxide ; acidified soln. of selenie or telluric acid deposit 
selenium or tellurium ; mercuric chloride gives mercurous chloride or mercury ; )) 0 ta 8 si«m 
permanganate soln. are decolorized; soln. of auric chloride givo the metal; soln. of 
palladous chloride*give a black powder; soln. of potassium cupric oxide give hydrated 
cuprous oxidd; and silver soln. give first silver chloride, then a dark brown precipitate which 
is converted by ammonia into silveraiilicate. Soln. of chromic acid, indigo, platinum, and 
indium salts are not changed. 

C. Fricdcl and A. Ladenburg found that when bexabromosilicoethane, SijBrj, 
is treated with iced-water, hydrogen is evolved, and a white powder is deposited 
which when washed with water at 0°, and dried at 100°, has the com]) 08 ttion: 
8i202(0H)..>; it is called silico-oxalic acid. The air-dried powder has the com¬ 
position : (Si00H)2.2H.20. They also made it by the action of hexaii^osilico- 
ethane, Si 2 l 6 . on absolute alcohol, the ethyl iodide formed at the. same time being 
removed by distillation. I,. Troost and P. Hautefeuille obtained the same prbdnct 
by the action of water on hexachlorosilicoelhane. L. Oattermanu and K. Weinlig 
made it by exposing purified bexachlorcuilicoothane in a platinum di.sh, cooled with 
ice, to the moisture of the air until it was converted into a solid, white mass. It 
was then allowed to remain over lime as long as hydrogen chloride was given off. 
The |iroduct contained 97 per cent, of silico-oxalic acid. The formal relationship 
between oxalic and silico-oxalic acids is illustrated by the formula): 


0-=0-0M 0=,Si-0H 

Q=C-OH 0=Ri-0H 

Oxalic add, (CO.OH), SUlco-ox-allc acid, (8IO.OH), 


('. Friedel and A. Ladenburg explain the formation of silico-oxalic acid by sup¬ 
posing Si.jlHO),) to be first produced, and to become SiaOolHO)./ by the loss of 
2 H 2 O. .Although this substance is the chemical analogue of oxalic acid, it has no 
aeiil functions .bases, even the moat dil,, decompose it with evolution of hydrogen, 
just as oxalic acid under certain conditions is decomposed by potaasiurn hydroxide. 
,Silico-oxalic acid is said to be a white amorphous powder: and when heated in air or 
oxygen, it decomposes.with incandescence, leaving a residue of silica in proportions 
agreeing with 2(Si00H)2-t-02~2H20-f 4Si02- L. Oatterniann and K. Weinlig 
said that when heated in a test-tube, it decomiioscs violently with fUbhle detonation 
and the evolution of hydrogen. It also explodes when rubbed with a hard sub¬ 
stance. When heated with bases, it dcvelojis hydrogen : (SiOOH)2-l-4KOH 
- 2 K.,Si 03 -f 2 H 20 -l-H 2 . L. Troost and P. Hautefeuille showed that silico-oxalic 
acid is a reducing agent; permanganic acid is rapidly reduced, and chromic acid 
slowly. Cold aq. soln. of selenie acid and of auric chloride are not reduced. Cone, 
nitric acid is absorbed by silico-oxalic acid, and is not removed by washing or drying 
in vacuo ; and is given off only when heated near the decomposition temp, of silico- 
oxalic acid. Hydrochloric and sulphhric acids are not taken up in the same way.. 
According to L. Gattermann and K. Weinlig, when octoehlorosilicppropane, 
SiaClg, is rapidly decomposed by water, it forms an insoluble, acid whihh is probably 
tiUcomesoi^C add, HO.OSi.SiO.SiO.OH. L. Gattemjann and B. Ellery made 
this acid by exposing octochlorosilicopropane in a jilatinum disb, at 0°, to atm. 
air. Hydrogen chloride is evolved and silicomesoxalic acid remains. The formal 
analogy with the corresponding carbon compound is illustrated by the fonnulte: 


0=(,:-0H 

HO-C-OH 

0=C-0H 

Heaoi&lic acid, CjOsCOH)^ 


0==Si-0H 

HO-Si-OH 

0=St-0H 

SalcuiBMOxallc arid, SlgOsfOn), 
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Silicomesoxalic acid is a wiite powder wiich does not dimohe in cold wafer, 
but is decomposed by hot w’ater ffiving rise to silica and hydrogen. ^ The acid 
when dry is extremely unstublo end decomposer more violently than silido-oxalic 
acid. The decomposition often occurs spontaneously and with incandescence. 
The acid has strong reducing properties, and rapidly reduces a warm alkaline aaln. 
of potassium permanganate. ' ' 

• It is doubtful if silico-oxalic acid and silicomesoxalic acid possess the simple 
mol. formula! which characterize their organic namesakes. Thqr are amorphous, 
non-volatile, and insoluble in water. Silico-oxalic acid decomposes wien warmed ; 
and silicomesoxalic acid is liable to decompose lexplosively with the evolution of 
hydrogen. D. I. Mendeleeff .says that these compounds probably form' sih'ca and 
silicon hydride which decomposes into .silicon and hydrogen just as phosphorous 
and hypophosphorous scid.s decompose into phosphoric acid and phosphine under 
similar circumstances. ‘ When heated in air they burn, forming silica. They are 
not attacked by acids, and with alkalies they giwj off hydrogen and form a silicate. 

G. Martin has brought forward some evidence to show that in the presence of 
attacjieci oxygen atoms, say H.O.H- or potas.sium hydroxide—two directly b’nked 
silicon atoms, “Si-Si™, are severed with the liberation of hydrogen; =Si—Si= 
-fH.O.H-^Hj-f-^ciSi—O-rSin; and thus one directly linked pair of silicon atoms 
corresponds with the evolution of one mol. of hydrogen. This agrees with the 
action of aq. alkalies on, say, hexaethyoxydisilane, Si 2 ( 0 (' 2 H 5 )j. Unlike the 
silicic acids, all the (presumably) liydroxyl groups of silico-oxalic and silicomesoxalic 
acids are retained in vacuo, over sui])huric acid at \t>°, or steam at 100°. G. Martin 
considers that the greater stability of silicoxalic acid “ proves that the silicon atoms 
which are directly united retain hydroxyl-groups much more tcnaciou.sly than do 
silicon atoms which are united through oxygen atoms,” as is presumably assumed to 
bo the case with silicic acid. 

It has been assumed that the easy decomposition of the silico-oxalic acids, their 
disinclination to form salts, and the evolution of hydrogen when they are treated 
with potassium hydroxide, show that the hydrogen is probably united directly 
with the silicon and not imlirectly through hydroxylic oxygen as in the case of the 
silicates. Consequently, the analogy with the oxalic acids, suggested by the names, 
does not hold good. Formic afid. however, when heated with alkalies docs evolve 
hydrogen: IKIOOH f- 2 KOII=K 2 (f 03 -|-n 20 -| II 2 . anil hence the so-called silico- 
formic anhydride is probably the anhydride of an analogous acid, hl(SiO)OH. 
The graphic formula' can therefore bevepresented, proImpere, as : 


K-Ki 


H Si 


' 0 


Slllcoformic anhydride, 

HijHjOj 


9 

II -.Si- 0 
H- ?i- 0 
() 

Slllco-oxftlic acid, 
SljUjO, 


9 

H-Si- 0-(K„. 

H- iji-0- O'' % 
0 

Silicomesoxalic acid, 
8UH,0, 


(}, Martin argued that (1) the mode of formation of silico-oxalic acid by the 
hydrolysis of hexaethyoxydi.silane, Si 2 (OC 2 H 5 )o, shows that it contains the chain 
^ 8 i(()H)—Si(OU)— ; and that the mode of formation of silicomesoxalic acid by 
the hydrplysis of the octochlorotrisilane, SijClj, shows that this acid contains the 
group - Si(Oil)—Si{OH) 2 —Si(OH)=. (2) It is necessary to explain why the action 
of ammonia gives only oqo kind of silica by assuming that (i) at least three mols. 
of hydrolyzed hcxachlorodisilsne are linked together by laxygen atoms when 
silicoxalic acid is formed ; (ii) at least two mols. of hydrolyzed octochlorotrisilane 
are similarly linked together to form silicomesoxalic acid ; and (iii) when the two 
sHico-oxalic acids are treated with ammonia, each ring loses its hydroxyl groups to 
form a cyclic or ring compound involving at least 6 Si 02 , which is supposed to repre¬ 
sent the mol. of silica. The hypothetical relation between the three compounds 
in question is illustrated graphically: “ 
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HO OH 
Si-Si 

' /' l\ 

00 00 

V 

HO.Si Si.OH 

Si<">Si 

HQ ^ OH 


HO » OH 
Si<">Si 

Si<®>Si 

00 

00 

/ 

V 

V 

HO.Si.OH. HO.Si.OH 

Si 

Si 


A 

A 

HO OH 

00 

00 

Si<^>Si 


SUtco-oxallc acid • SiUcomosoxalic odd SUlca 

Granting that these formula; for ailioo-oxalic and sihcomesoxalic acid are valid, 
it cannot be safely assumed that because silicic acid is produced by these reactions, 
the commonly accepted formula; are erroneous. The silica actually produced 
may be the only form which is stable under the conditions of the expcrimenly just 
as when water is liberated from*all sor^ of complex reactions, the eipiilibrium 
product is always the same for the same conditions of temp, and press. In order 
to maintain the proposition that silica is a hexadic ring, it would be necessary to 
assume a complex change when silica is liberated from hexachlorodisiloxane, etc. 
In the absence of the mol. wt. and more precise information concerning these and 
other compounds of silicon, it is possible to weave wonderfully ingenious and 
subtle patterns, with gossamer threads which have far too line a texture to bear 
contact with harsh material facts, 

K. Wohler designated by the term siliCOne a product which he obtained by the 
action of cono. hydrochloric, acid upon calcium silicide. The following is the mode 
of preparation: 


Calcium silicidc in fragments was freatt'd with hydrochloric acid in a vessol surrounded 
by cohl waU‘r Hydrogen was evolved and tho calcium sdirido gradually converted into 
silicone. The mixture was left for several hours in a dark |)hico; and agitated until tho 
evolution of gas had ceased. Tho niixturo was dihiti'd with atx or seven times its voh of 
water, and filtered wdiite protected trom light. Tho proiluct was w'ashed, prt'sst'tl between 
tiJtcr-^nper, and dried in darkness in vacuo over sulphuric acid. 

D. I. Mcndelceif called it chry^eone —xhc'cco?, golden. Analysis showed that 
the alleged silicone contains both hydrogen and oxygen, corresponding approxi¬ 
mately with the formula Si^HsOa. 0. Boudouard obtained a similar product by 
the action of hot hydrochloric acid on silicou-steel. 0 Honigsehmid said that the 
crystals are dark yellow plates, pseudoraorphs after calcium silicide, and that they 
have a smaller sp. gr. than silicon. The crystals are bleached tfhite by a few 
minutes’ exposure to direct sunlight, and they are gradually decoldrized on 
exposure to diffuse daylight, probably by oxidation. When heated in vacuo, 
or in an atm. of hydrogen, the product gives off hydrogen and furnishes a 
gre)Tsh-black substance. F. Wohler said that when heated in a tube to 100“, it 
develops hydrogen and leaves a mixture of silicon and sihea ; at 190° in a sealed 
tube, it is converted into hydrogen and silica. 0. Boudouard said that it decom¬ 
poses if heated above 200°, and that decomposition is complete at 4^°; and 
K. Donath, that silicone is convertedTnto leucone by heat, and light. With watej, 
hydrogen is evolved, and the product becomes white ; the reaction is slow in dark¬ 
ness, rapid in light. B. Donath and E. Lissnor said that tho compouftd is insoluble 
in water, alcohol, silicon tetrachloride, phosphorus tricjiloride, and carbon disul¬ 
phide, When heated at bright redness in a stream of dry chlorine or hydrogen 
chloride, it is dfcomposed with an explosion. It is decomposed very slowly by 
hydrochloric acid; and fuming nitric acid oxidizes it with incandescence. If 
•suspended in water and then treated with nitric acid, it decomposes with the 
evolutjpn of nitrogen oxides. The reaction is slow at first, but processes rapidly 
later on. The silicone is at the same time oxidized to silicic acid. According 
to 0. Honigsbhmid, fuming nitric acid oxidizes silicone with incandescence. Cone. 
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sulphuric acid has no action. The dil. mineral acids act like water. S. Tamaru 
found that the coloured tabular crystals become white after prolonged coi)tact with 
hydrofluoric acid. Cone, hydrochloric acid acts similarly. 

The fact that the hydrogen in F. Wohler’s product behaves like that in silicon 
hydride led 0. Hdnigsehmid to assuiiie that the hydrogen is attached directly (b the 
silicon and not to the oxygen. According to 0. Hdnigsehmid, alkali hydroxides 
o'r carbonates, ammonia, and pyridine decompose the silicone with the evolution of 
hydrogen: ‘^HsSisOj-f 12 K 0 H+ 2 H 20 i= 6 K 2 Si 03 +llH 2 . The, soln. do not de¬ 
colorize solii. of alkali permanganates or ichromates, and it precipitates the 
' metal from soln. of salts of copper, mercury, siN-er, gold, and platinum. A. Stock 
suggested a systcun of naming the silicon-oxygen compounds containing the group 
Si.O.Si by calling the parent hydrogen compound iUoxane, and to specify the 
number of oxygen aijd silicon atoms by such terms as disiloxanc, disildioxane, 
etc.. Thus (Sil'b))20 becomes hexachlorodisiloxane, and the term octophenyltetra- 
silpoutoxane would be applied to : 

» n,,d^‘(G6H^2-G-Si(C|)H5)2,_ „ 

. '^''Si(CeH5)2.0.S,((;„H5)2-''" 

A. Stock bcliev'os it to b^ a mistake to apply the nomenclature of organic chemistry 
to the above compounds because the radicle —Sit).OH in no way resembles a car- 
boxy-group —CO.OH, and ho suggested using the term hydro.xyoxo-group, 

It. Fomials, and A. Kolb described a silicone whicli they oblainod by tlie action of boihnc 
cone, hydrochlorio acid on calcium sihciiio, Ca,Si,o. Xho product washed with water 
and (nod by Ireatinent with alcohol, and other hod the composition of tetradecabvdro. 
deoaslldecoxane, or graphically : 


HO^ H If H H H H H H OH 
HOySi—JSi—Si-.Si -iSi-Si-Si-.Si-Si-.Si.' OJI 
HO'’^ /' \/ X,,/ '-OH 

0 0 O 0 


mid when dri«l at 120" in a .strcani of carbon diu.xide, furnished decahydrodecasiloctoxane, 
HijOljjOi or H jjSIioOb, or graphically : 


HO 


y H J.t H H H H H H ' 

’ «i-Si bi- b,-Si-Si-Si-Si . Si-Si,;^,,^ 


0 


0 


(i 


Iho oranp-yollow cry.stalhuo moss was insoluble in water, an.l was bleached white on 
alkalies. . By Mnploying the cnlcnim sibcide, Ca,.Si,„ m place of Co,Si,,, A. Kolb, and 

HSi(T“orH’si‘(r‘* ,"'' ‘ii'''° '■""'I""'''™ "f octohydroctoslltrldecoxane, 

iigcMgUjj, or ri 7 lM|Ujj, or constitutionauv : * 


y OH OH OH OH OH OH 
pfo'Si—'Si—Si—Si- -Si—Si -Si- 

0 O 0 


■Si< 


0 

OH 


^.mularly. by treating the compound Co„N,.sr„ with hydrochloric acid, they obtained 
a yoUowisli-greon slimy silicone with the composition H,Si,Oi„ hexahydroctoalltrl- 
dMOXane. Vic evidence for ttie mclusion of thoso products in tho list of chemical 
individuals is not oonvmemg. ciiouiitai 


K. Eautsky has studied the reaction between cold hydrochloric acid and 
calcium Mhcide, and obtained two compounds of different stages of oxidation 
By treating this sihcide with cold dil. alcoholic hydrochloric acid in the dark a 
ivhlte, solid substance was obtained, its formation being accompanied by the evok 
tion of hydrogen. It is spontaneously inflammable in air. Its composition corre- 
aponds with SigHgO, And its properties indicate the constitution SLH.OH. It 
has been called otydisiline: CaSi2'f2HCl-fH20-H.Si20H+CilCl2+H2. It 



SILICON 


• 23S 


18 a powerful reducing agent, and can be oridired quantitatively by means of 
bromine to gilical bromide, Si^OHEr, the term silical being used to signify the 
radicle ^jOH- The reaction is symbolized: H.Si2.0H'+Brj=Br.Si2.0H+HBr. 
Silical bromide is hydrolyzed by water to form silical hydroxide, a red compound, 
whitti combines with strong acids, such as hydrochloric acid, to form silica! cMoride, 
8 i 20 HCl; with sulphuric acid, to form silical sulphate, (Si 20 H )2804 ; with formic 
acid, to form silic^ formate ; or with acetic acid, to form silical acetate. TSe 
salts are all yellowSto red in colour. The silical compounds are all powerful reducing 
agents. The% as well as o.xydisiline, are decomposed by alkalies with evolution of 
hydrogen and formation of silica, f'. Wohler's silicone is considered to be oxydisiline 
contamina&d with silical hydroxide. Halogenated hydrocarbons such as carbon 
tetrachloride, chloroform, or ethyl iodide in presence of traces of water and under 
the influence of light oxidize oxydisiline to .silical compound. The reaction does 
not proceed in the dark, but is extremely sensitive to light. It is rcmarkable^hat 
oxydisiline and the silical compounds prepared as described above retain the external 
crystalline form of the calcium silicidc fro*m which they are formed, and tljp same 
crystalline form persists when oxidation is curried to the final stage, silica. That 
the substances have a very open structure is shown by the rapidity with which 
the reactions proceed in the solid state, and also by the marked absorption of basic 
dyes by the end-product, silica. Rapid oxidation of the silical compounds, for 
e.xample, by permanganate, is accompanied by the phenomenon of chemilumi¬ 
nescence in a remarkable degree. II. Kautsky and co-workers prefer to call 
oxydisiline, H.Si 20 H, siloxene, and they rcpre.scnt it by SioO.^Ifo or as indicated 
in the appended formula which they call cyclohexasUtrioxene 
because the hydrogen atoms can be replaced step-by-step by the jj SiH-0 
halogens, forming a series of halogen siloxenes: thus siloxene '>Si/ \siH 
monoiodide, SiuOjIlsl, by the action of methyl iodide : ()/ I j 

iSijHjOj t-CH;,! -Cll4-t-Sij03H5l ; siloxene monobromide, ySm 

SiaOjHjBr; siloxene Wbromide,Si 803 H:,Br,j- i.c. silical bromide, S.H-O 

vide supra; and siloxene hexabromide, SiodaBrj. Siloxene cydohcxMllttluxcno 
does not react with methyl or ethyl iodide in darkness, but does 
so rapidly on cjgpo.sure to light, forming the halogen-siloxene and methane or 
ethane. In the presence of water or amines, hydroxy- or amino-compounds arc 
formed. Bromobenzene, the chloroacetic acids, and otljpr organic halides react 
with .siloxene in a similar manner. H. Kautsky and H. Zocher have investigated 
the chemiluminescence and photolumincscenrt’ of these compounds in some detail; 
their unsaturated character cannot yet be satisfactorily ex]ilained. The silical 
compounds may bo of the oxoniuni salt type, and a certain similarity ^of some 
compounds of bivalent germanium kuggeats that the silicon in these compounds 
may be bivalent, Silicalammino-compound.s are formed by the action of anhydrous 
ammonia on the silical conqionnds, and from these, by the action of alcohols, liquid 
and solid organo-silicon compounds are formed. These compounds belong to a 
higher stage of oxidation than the silical compounds. 

The grey mass obtained by heating silicone in vacuo was considered by 
F, Wiihler ^ to be a mixture of silicic jcid and amorphous silicon. Like silicon, it 
dissolves slowly in alkali-lye with the evolution of hydrogen, but unlike amorphous, 
silicon, it is completely soluble in hydrofluoric acid. 0 . Honigsohmid beliqves that 
the product is a silicon suhoxide with the formula Si 302 , silicon dioitoxide, but 
he says that he is unable to give an unvnderleglicher hewds of the individuality of 
the assumed ana|ogiSe of 0. Diels’ carbon suboxido CjOj {q.v.). The suboiide 
reacts with chlorine or hydrogen chloride at a red heat, and much silicon tetra¬ 
chloride is evolved; white silica remains. 

• A. Stock and co-workers * have prepared a number of siloxanes. They found 
that when monobromosilane, SiH 3 Br, is shaken with water, it changes into 
disilonne, ( 8 iH 5 ) 20 , a colourless, odourless gas, which does not ignite spon¬ 
taneously but? burns with a brilliant light giving a white smoke and a brown 
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deposit of silicon. The gas can be liquefied and solidified. The m.p. is ^144®; 
the b.p. -15’2°; the sp. gr. of the liquid at -80° is 0-881; the mol. latent heat of 
vaporization is 5-63 Cals. The m.p. and b.p. are lower than these constants for 
the parent hydride, SijH,, which is the reverse of the relationships between ethane 
and dimethyl ether. Disiloxane is not sensibly affected when heated to '300°, 
but at 400° the greater portion of the substance remains unchanged, while 
a little hydrogen, silane, and polymeric protosiloxane is formed. It decomposes 
rapidly under the influence of heat when raised to rednam Submitted to 
a discharge of electric sparks, it slowly yields pure hydrogen. ‘When mixed 
with oxygon, it inflames or explodes at once,* the alteration in volume being in 
accordance with the equation (SiH3)20+302=2Si024-3H20. It is not appreciably 
soluble in water, but soon decomposes into hydrogen and insoluble products, hke 
(SiH 2 <))i, etc. With sodium hydroxide, however, decomposition is complete, 
according to the equalion (SiH 3 ) 20 +H 20 d- 4 Na 0 H= 2 Na 2 Si 08 + 6 H 2 , which may 
bo applied in the analysis of the gas. Disiloxane and chlorine react very vigorously 
at —125°; the primary product, hexadhlorodisiloxane, may be isolated, but most 
of ^t decomposes according to the equation 4 (SiCl 3 ) 20 = 2 Si 02 + 6 SiCl 4 , and some 
brown silicon is even formed as well. Hexachloroisiloxanc has a m.p. of —33° 
and a b.p. of 137° at 7C0 mm. I’liosphorus pento.xide decomposes disiloxane at 
atm. temp, giving a little hydrogen, much silane, and polymeric protosiloxane. 
The initial reaction involves a slight hydrolysis: (SiH 3 ) 20 +H 20 = 2 H 2 + 2 SiH 20 , 
followed by a polymerization of the volatile protosiloxane to its non-volatile poly- 
meride; the liberated hydrogen is largely utilized in reducing the disiloxane to 
silane: (SillsloO-f 2 H 2 -= 2 HiH 4 d-H 20 . The water thus liberated hydrolyzes more 
disiloxane, and the change continues until it is arrested by the absorption of water 
by the excess of dry phosjdiorus pentoxide. The attempts to reduce disiloxane 
to dUilem, Si 2 H 4 , were not successful. R. Wintgen gave for the vap. press., 
ji, of disiloxane, log p—7'(i864—1232'2T"i; and .5632 cals, for the latent heat 
of vaporation; fi,560'8 cals, for the mol. heat of vaporation at 0 °; and 20-0 
for Trouton’s constant. Disiloxane is the first volatile compound of silicon, 
hydrogen, and oxygen to have been jircpared. Many derivatives, with the same 
elements, arc known, such as silicoformic anhydride, (0 : SiH) 20 | but these are no 
doubt polymerides, whereas hilkyl, alkoxyl, and similar derivatives of the true 
monomeric type, for example, ( 81113)20 and (SilORjafcO, have frequently been 
prepared. Apparently, the comjiound Sill^ OH, wliich would be the primary 
product of the action of water on SilLiBr, is very unstable. It is noteworthy that 
the alkyl derivatives, SiR 3 . 0 II, also change into oxides readily, but the alkyl groups 
do confer a ufcasuro of stability on them, for hexaphenyldisiloxane, {SifCeHsls l 20 , 
was found by F. S. Kipping and L. L. Lloyd‘'lo change back into Si( 03 H 5 ) 3 . 0 H on 
boiling with alcoholic potassium hydroxide. 

A, Stock and eo-workers also found dibroinosilane, SiH 2 Br 2 , reacts with 
water to form hydrogen bromide and a volatile compound, probably ozomono- 
Bilano. or protosiloxane, SiH 20 - vide magnesium silicide. This compound was 
obtained as a gas by the action of the required amount of water vapour 
on dichlorosilane in a very hargo flask under greatly reduced press. It has 
, an extraordinary tendency to polymerize, much more so than the analogous 
carbon,compound, formaldehyde, in consequence of which the flask must be 
perfectly clJan and smooth. Liquid and solid polymerides are formed immediately 
on condensation. The .liquid polymerides are like benzene, and can be obtained 
conveniently as a soln. by shaking a benzene soln. of dithlofomonosilane with 
water. These benzene soln. are fairly stable towards water, but reduce silver 
nitrate in the cold. They correspond roughly with (SiH 20 ) 3 . This polymeride 
is an amorphous white solid, which is stable at 300° in vacuo, or in contact with 
boiling water, but inflames in air or chlorine, and reacts with sodium hydroxide, 
according to the equation (SiH 20 ),-f 2 Na 0 H-^ 2 H 2 -)-Na 2 Si 03 , A. Stock and 
C. Somiesky found that dichlorosilane, SiH 2 Cl 2 , with water also flimishes proto- 



SILICON 


• 236 


siloxane, and this immediately passes into monozodiozydisilozane : 2 SiH 2 Cl 2 
+3H20=Ho+4HCl+0,SiH,0.SiH2.0H, which, when treated with zinc methyl, 
forms dim'etiiylsilane, SiH 2 (CH 8 ) 2 , with a m.p. —150°, and a b.p. —20°. 

According to A. Stock and C« Somiesky, the hydrolysis of the halogenated 
disilanes corresponds exactly with that of the similar monosilancs. Thus mono- 
brotoodisilahe readily reacts with water to yield tetrasilozane, (Si 2 H 5 ) 20 , as a colour¬ 
less liquid, which can be volatilized without decomposition, and when dissolved 
in benzene, instantaneously reduces a cold soln. of silver nitrate, but not one of 
copper sulpharte. It reacts slowly but quantitatively with a soln. of sodium 
hydroxide in accordance with the equation: (Si 2 H 5)20 f 8Na0H-t-3H20=4Na2Si02’ 
-I-I 2 H 2 . The solid products obtained by the hydrolysis of dibromodisilane and 
more highly halogenated derivatives closely resemble sihco-oxalic acid, 
(H02Si.Si02H),. They arc slowly hydrolyzed further by^watcr; they can bo 
dried in a desiccator without marked decompo.sitiou ; they are blackened by silycr 
nitrate soln., owing to the separation of metallic silver; they evolve hydrogen 
when treated with alkali hydroxide; and*finally they yield a residue of sjjicate, 
and explode feebly when heated on platinum foil, evolving gas and beconyng 
discoloured. Evidently the Si-Si linking remains intact in them. Thus, two 
stages can be clearly distinguished in the action of alkali an (Si 2 H 40 )/, namely, a 
violent evolution of gas with accompanying soln. of the 8ub.stanco, and then a much 
slower persistent change, which can speedily be brought to an end by warming the 
soln. The first phase corresponds with the hydrolytic separation of the hydrogen 
atoms, whilst the second is due to the gradual conversion of sodium silico-ozslltte 
into sodium silicate and hydrogen. 

C. F. Mabery ^ said that when silica is reduced in the electric furnace, 
an amorphous greenish substance is formed, and its mode of formation, properties, 
and composition indicate that it is silicon monoxide, 8i(), of sp. gr. 2'893 at 4°. 
C. Winkler could not prepare the monoxide by reducing silica with magnesium or 
silicon. At the temp, of the electric arc, however, C. Winkler’s reaction, SiOz 
4 Si-»2SiO, can be realized. According to H. N. Potter, to effect a partial reduction 
of silica to silicon monoxide, a mixture of the former with the necessary proportion 
of carb’on is heatjd electrically in a closed furnace of either the resistance or arc 
type, provision being made for withdrawing the carboft monoxide gas as it is formed. 

“ This bursting out of the carbon monoxide gas from thejioint of reaction carries 
the silicon monoxide with it, but whether in a solid, liquid, or gaseous state is not 
known ” ; in any case, a large portion of it, tft least, “ is carried out of the region 
ol reaction.” Provision is made for trapping the silicon monoxide, as it escapes, in 
collection chambers. The reduction can be made with carbon ; SiOz-fCvaSiO+CO; 
or silicon carbide : Si02+SiC=Si-| SIO 4 CO ; and silicon itself can act on carbon 
monoxide, forming the monoxide: Si4C0?iSi0 f0, or the oxycarbide, Si+CO 
=SiOC iq.v.). The reaction between silica and silicon is energetic at about 1800°. 
The proportion of silica and carbon in the mixture does not influence the composi¬ 
tion of the final product, but the yield depends on the proportions of the initial 
materials. H. N. Potter argues that the so-called silicon monoxide is a chemical 
individual because its composition reqjains constant with wide variations in the 
proportions of raw materials employed; and the heat of oxidation of silicon, 
monoxide is 200 to 800 cals, higher than that of an eq. mixture of silicon and silica. 
For commercial reasons H. N. Potter called the monoxide, monox: it contains small 
quantities of silicon carbide and metallic impurities. Monox is an opaque powder, 
silky to touch and of aSyellowish-brown colour. Its sp. gr. is 2 24 ; and its apparent 
sp. gr. 2 04. It remains solid at 1700°. The vapour should be cooled as quickly 
as possible in its preparation to prevent as much as possible the dissociation : 
28iO?iSi+Si02. Monox is a good thermal and electrical insulator; its thermal 
resistance is 2500 thermal ohms. When dry and suspended in air, it has a negative 
electric charge, which depends on its fineness. It can adhere to non-conducting 
surfaces, such‘as fibres, and form a screen impervious to solid particles such as 
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produce tobacco smoke. The chemical properties of monoi are often masked by 
a pellicle of siUca which forms on its suHace when exposed to air. Monox burns 
in oxygen. If blown through a flame it is oxidized and whitened, but it still retains 
its pulverulent form. It decomposes water with the evolution of hydrogen, but 
the reaction soon ceases because of the formation of a protective layer of tsilica. 
Monox dissolves in warm soln. of alkali hydroxides giving hydrogen and the alkali 
Silicates. Hydrofluoric acid attacks it, leaving a residue richer in silicon; and if 
an oxidizing agent be added to the monox, all is dissolved excepting a small amount 
of silicon carbide impurity. When mixed with red lead, litharge,'or a peroxide, 
'and ignited, monox gives a violent reaction. Monox can be used alone or in com¬ 
bination as a pigment; or pressed into bricks with or without the addition of 
alumina, magnesia, etc., to form abrasion wheels. 

C. Simmonds • showed that certain silicates—«.</. rbSiO,, PbSijOg, and Pb^SigOa 
—are reduced respectively to PbSiO,, PbSigO*, and PbjSijOi when heated in hydrogen. 
No globules of lead wore observed; no metallic Idhd appears when fused with alkali car* 
bonatM; boiling nitric acid extracts only a small fraction of the lead. He therefore 
mferred that virtually no metallic lead is formed but that the lead silicate is reduced to 
leafl silloita. The reduction of the more basic silicates furnishes metallic lead. He also 
found that copper, iron, cobalt, and nickel silicates are similarly converted into silieltas. 
It is more likely that llie metallic lead is present in the alleged sihcitos, but in a very ^ely 
divided colloidal slat© analogous to the metallic gold in ruby gloss. This lead is reoxidized 
when the silicate is fused witli alkali carbofiah'; and protected from acid by the silica. 
W. Mostowitsch could find no ovklence of the union of metallic lead with silica. 

Silicon dioxidei usually called silica, Si02, is produced by the complete oxida¬ 
tion of silicon, but the preparation of the oxide from the element would be a very 
roundabout and expensive process; nor would the product be very pure because 
of the difficulty in preparing even moderately pure silicou. Some of the natural 
varieties of rock crystal and quartz are of a high degree of purity, although contami¬ 
nations may be derived from the pestle and mortar used in the comminution of the 
mineral. Some of the white sands— after digestion with hydrochloric acid, washing, 
drying, and calcination—have a liigh degree of purity. Anhydrous silica can be 
easily obtained as a white powder by calcining the hydrated silica or silica hydrogel 
which is formed in many reactions. For instance, (i) the silica can be separated 
from a powdered siliceous nfineral by fusing it with alkali carbonate; digesting 
the cold cake with dil. hydrochloric acid ; evaporating the soln. to dryness ; extract¬ 
ing the residue with hot dil. hydrochloric acid, and then with water; and finally 
calcining the insoluble residue, at a bright re<l-heat. J. N. von Fuchs ^ precipitated 
the silica from the alkaline soln.; washed it with hydrochloric acid, then with 
water and finally ignited the product. Again, (ii) silicon tetrafluoride, or silicon 
tetrachloride, is decomposed when treated '^ith water and hydrated silica which 
is formed is washed by decantation ; the washed silica is dried, and calcined at a 
red heat. This method was recommended by ,J, J. Berzelius, T. Graham, etc. 
(iii) One of the most convenient methods is to decompose a soln. of alkali silicate 
with dil. hydrochloric acid ; to evaporate the mass to dryness ; to wash the residue 
with dil. acid, and finally witli water until free from chlorides. Tf further purifi¬ 
cation be desired, the product can be dissolved in the calculated quantity of soda- 
, lye, and re-precipitated by acid. After thorough washing, the product can be 
dehydji/ited by calcination at a bright red heat. The washing of the gelatinous silica 
is aometimfe effected in a dialyzer (Figs. 5—1.13,7— and Fig. 51). V. Kohlschutter 
and J. L. Tilscher® obtained ooUoi^ifU silica, dispersed in a gaseous medium, fay 
making silicon one electrode of an arc, and oxidizing its vtip. by a current of air. 

RETfiRSNCES. 

* D. I. Meudel4©ff, The Principle of Chemistry, St Peterebutg, 637,1903 ; London, 2. 101, 
1891; F. Wdhler, Li^'a Ann., 104. 374,1867; 106. 66,1858; 127. 265,1863; H. Buff and 
F. W6hler, ♦&., 104 . 101, 1867 ; C. Priedel and A. Ladenburg, A., 148. 118* 1867 : 208. 260, 
1880; Buff. Soe. Chim., (2), 7. 322,1867; (2), 12. 92,1869; Cempt. Bend., 64 . 369,1867; Ann. 



SILICON 


• 237 


Ohim. Phfi., (4), 9. i. 1866; (fi), 19. 390,1880; L. Troost and P. HantafeuUle, <6., (5), 7. 483, 
1871; h. Gattennann, £er., 22. 186,1889; L. Qattermann and K. Weinlig, ib., 27. 1943, 1894; 
U Gattem»nn and E. Elleiy, *., 82. 1114,1899; C. Winkler, 28. 2662,1890 j 0. Diela and 

B. Wolf, i6., 39. 689,1906; A. Stock, ib., 60.169,1769,1917; K. Wintgen, A., 52. B, 724,1919; 

G. Martin, i»., 46. 2097, 19i2; 18. 2442,3289,1913; /o»r». Cbem. Son, lOS. 2836, 2860, 1914; 

H. Gi^mann, in B. Abegg, Haiuibuch der atiorgamschen Chtmie, Leipzig,, 8. ii, 364, 1909; 
A. (father, Jena Zeti., 2. 209, 1866; Journ. prald, Chem., (1), 96. 430, 18^; E. Donath and 
A. Liaaner, Wester Zeil. Berg. HtUt., 67. 611,1909; L. Cambi, AUi dread Lineei, (6), 20. i, 434^ 
1911; 0. HonigBchmid, Monaleh.,3B. 509, 1909; A. Miohaelia, dnofyonwcAa Chemk, Braun. 
achweig.S. ii,963, 1879; A.Kolb, Zed. anorg. Chem-.U. 342,1909 ; 68. 297, 1910; S.Twnaru, 
*6.,^. 81,1909 ;jl. Formala, Uei^dieCaktumailic-ideunddcrenAujnahmefdhigkeitfllrSiickstoff, 
Gieasen, 1909 ; 0. Boudonard, Compt. Bend., 142. 1628,1906. 

• K Kautaky, Zed. anorg. Chem., 117^ 209, 1921; K. Kautaky and H. Zocher, ZeU. Physik, 
9. 267,1922; 'Zed. EUktrochem., 29.308, 1923; H. Kautaky and 0. Herzberg, Ber., 11. B, 1666, 
1924; Z. angem. Chem., 36.608,1923; H. Kautaky and H. Thiele, »6., 37. 640,1924. 

• 0. Hunigacbmid, Monateh., 30. 609, 1909; F. Wohler, Xiiebig’a d»n.,104. 374, 1867; 106. 

66,1868; 127. 265, 1863. • 

• A. Stock, C. Somieaky, and R. Wintgen, Ber., 60. 1754, 1764, 1917; A. Stock laid 

C, Somieaky, ib., 62 B, 319.1851,1919; 93. B, 769,1920 ; 88. B, 132,1923 ; F. S. Kipping and 

L. L. Lloyd, Jimrn. Chem. Soc., 79. 466,1901. * • 

» H. N. Potter. Bril. Pal. Noe. 26788, 1906; 1279, 1906; French Pal. Noe. 360876, 1906; 
360644,1906; C. Winkler, Her., 23. 2652,1890; (J. F. Mabcry, Amer. Chem. Jonrn., 9. 11,1887; 
R. Flaain, VInd. Ckim, 9. 391,1922 ; Chem. Trade Journ., 71. 446,1922. 

• C. Simmonda, Journ. Chem. Soc., 83. 1449, 1903 ; 86. 681, 1904; W. Moatowitach, Met., 

I. 647,1917. „ „ , 

» J. N. von Fucha, Pogg. Ann., 31. 677,183«; J. J. Bor7cliua, ib., 1. 169, 1824; T. Graham. 
Phil. Trane., 161. 183, 1861; E. Jardia, Zed. anorg. Chem., 34. 467, 1903; T. Bergman, De 
terra ailica, Upeala, 1779. 

• V. Kohlschiiit^'r and J. L. Tiisrher, Zeit. Ktektrochfn., 27. 225, 1921. 


§ 17. The Preparation of Silicon Dioxide-Quartz, Tridymite. and Cristobalite 

At least seven different forms of crystalline silica are known, and possibly there 
are more. In addition, there are the amorphous and colloidal forms typified by 
the more or less hydrated opal. There is also fused or vitreous silica or quartz 
or quantz glass. The forms of crystalline silica stable or metastable at ordinary 
temp, are quartz, tl'idymite, and cristobalite. These f^rms occur in nature, although 
quartz is alone abundant. Indeed, F. AV. Clarke' has shown that, next to the 
felspars, quartz is the most abundant mineral on the earth^s crust, and constitutes 
about 12 per cent, of the entire lithosphere—the occurrence of silicon. 

The a-forms of quartz, tridymite, and cristobalite occur in nature ; and a study 
of the equilibrium diagram. Fig. 26, shows that the two minerals laat named are 
in a metastable condition. When qugrtz, mixed with a flux,* is heated over 870®, 
it passes into tridymite, and above 1470®, tridymite passes into cristobalite. The 
transformation of the one form into another is very slow, but the change can be 
hastened by the use of mineralizers and fluxes. Above 1470°, quartz presumably 
passes into tridymite, and then into cristobalite. Since both changes are very slow, 
tridymite may appear under conditions where cristobalite might have been expected, 
and vtce versd. On cooling, the cristobalite may pass slowly back to tridymite, and 
tridymite to quartz, but the back reaction is so alow that its sp^d has not been 
measured, and, at ordinary temp., the speed of the reaction is indefinitely slow. * 
The occurrence of tridymite and cristobalite as natural minerals is evidened of the 
slowness of the transformation, for they seem to be taking an indefinitely long time 
to change to a-qnartz, ^ Some of the alleged syntheses of quartz crystals may really 
refer to crystals of Hiridymite or cristobalite, since no teat was applied to distingmsn 
which of the three forms of silicon dioxide was produced; and in some cases, it is 
even doubtful if the crystals were even those of silicon dioxide. 

For example, F. WOhler, and H, St. C. Deville * described crystals of silica-pswdomorphs 
after siiioon—by pewsing moist chlorine over silicon at a red heat; E. Fi^my obtained pseudo* 
morphs after sillbon disulphide by exposing crystals of silwim disulphide to the eetiem 
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of raoiet air or water vapour ; he also made crystals of silica by passing a mixture of steam 
and carbon disulphide over briquettes made from iampbiaek and silica. A. Xtaubreo 
made crystals of siJica by the action of silicon tetrafluoride or fetrachioridot on water* 
vapour or on boryliia, lime, magnesia, or alumina at a rod heat. R. S. Marsden obtained 
crystalline silica from a soln. in molten silver. F.«W. Schweigger-Seidel, and E. Ripetti 
diwusscd the formation of quartz crystals in geodes in Carrara marble; T. Batgtnan 
reported the deposition of crystals of silica from an aq. soln. of hydrofluosilicic acid, allowed 
to stand for two years; and L. Gmelin reported that crystals of silica are deposited from 
an aq. soln. of silicic acid, allowed to stand exposed to sir for eight years. In each case, 
without more evidence, there is on alternative assumption that a Plicate was formed— 
maybe by the action of the silicic acid on the glass containing vessel. • 

Quartz has been formed in nature under the most diverse conditions having 
been produced by both igneous and aq. agencies. It occurs as a primary mineral, 
as a secondary deposition, and as a cementing substance.* It is one of the essential 
constituents of granite, syenite, gneiss, and other acidic or siliceous rocks of 
igneous origin. This quartz is often peculiarly rich in liquid or gas inclusions. 
It is {pund m trachytes, porphyries, etft.; and is the main constituent in quartzite 
roijis, and sandstones. It permeates all kinds of rocks as an aq. infiltration; it 
is common in vein-stones of many rocks and in mineral veins; it occurs embedded 
in various limestones a» chert, and flint. It occurs as a foreign mineral in cavities 
in basalt, limestones, marble, etc. It is the chief constituent of various gravels, 
sands. • 

The synthesis ot quartz, tridymite, and ciistobalite from molten magma.— 
G. Bose ^ fused (i) adularia with microcosmic salt, (ii) amorphous silica with borax 
and a little sodium carbonate, and (iii) amorphous silica with wollastonite; and 
in each case obtained tridymite. He also observed that by simple ignition quartz 
is transformed into tridymite. P. Hautefeuille obtained crystals of quartz by 
heating a mixture of amorphous silica and lithium or sodium tungstate (or a vana¬ 
date) for a long time to a temp, not exceeding BiW”, but if the temp, be between 
8.10° and ItXlO'’, crystals of tridymite are formed. He also obtained quartz and 
felspar by heating above 700° a mixture of silicic acid, alumina, alkali phosphate, 
and alkali fluoride. P. Hautefeuille and J. Margottet obtained similar results by 
using a mixture of lithium chloride and oxide as an aijetU mineralisuleur ; 0. Bebufiat 
used phosphoric acid; F. H. Clews and II. V. Thompson, sodium chloride; 
A. L. Day and co-worl(ers, a mixture of potassium chloride with 20 per cent, of 
lithium chloride; F. Parmentior used sodium molybdate; and P. D. Quensel, 
tungstic oxide. The last-named said that quartz is formed below 1000° and 
tridymite above that temp.—J. Konigsberger said 10.oO°, and he also found that 
the presence of boric pxide retards the formation of quartz crystals. N. Parravano 
and C. R. del Turco studied the effect of ft-rric, phosphoric, boric, calcium, and 
tungstic oxides on the conversion of quartz. S. Meunier obtained tridymite from 
a fused mixture of silica, potassium hydroxide, and aluminium fluoride. K. von 
Cliroustschoff obtained tridymite by fusing rocks rich in silica ; and P. D. Quensel, 
by fusing a mixture of oligoclase, quartz, and tungstic oxide. K. B. Schmutz 
melted together a mixture of granite, sodium chloride, and sodium tungstate and 
found crystals of plagiocluse, augite, and tridymite in the cooled mass. P. Haute¬ 
feuille and A. Perroy obtained tridymite in their experiments on the synthesis of 
phcnacjte, and emeralds. K. Bauer obtained tridymite by melting mica-schists 
with silica, or potash mica with sodium or calcium fluoride, sodium chloride 
or sodium tungstate. J. Lenarcio obtained no tridymite by fusing mica-schist or 
gneiss with fluorides, tungstates, or molybdates, but he did obtain crystals of 
quartz. B. Schwarz obtained crystals of tridymite by fusing sodium silicate with 
three times its weight of sodium phosphate for 6 hrs. at 1000°; the soluble salts 
were removed by washing with water on a filter. K. Bauer obtained quartz 
from fused diorite; and from a mixture of dioritc, orthoclase, albite„ mioa, or 
hornblende with sodium chloride, potassium tungstate, sodium phosphate, and 
boric oxide. G. Medanicb obtained quartz with glass inclusions by dooling a molten 
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mixture of granite, sodium hjrdrophospbate, boric acid, and tin chloride. This 
subject was also investigated by K. Petrasch, H. E. Benratb observed quarts 
crystals fti a devitrified potasb-soda-glass, but F. Fouque and A. M. L6vy could 
not confirm this; and J. Morosewicz obtained under similar conditions crystals of 
trid} 9 nite. The last-named said that if an aluminous silicate-magma is super¬ 
saturated with silica, the excess separates out on cooling as tridymite and a pris¬ 
matic modification of crystalline silica. A liparite magma containing one per 
cent, of tungstic o^de furnished a mixture of quartz, sanidine, and biotite. He 
said that the function of the tungstic oxide is to liberate silica at a lower range of 
temp, within which quartz is the stable phase. It will be observed that in the 
experiments’ just cit^, G. Rose, P. Hautefeuille and co-workers, 8. Meunier, 

K. von Chroustschoff, K. Bauer, R. Schwarz, K. B. Schmutz, J. Lenarcic, 

6. Medanich, and A. L. Day synthesized tridymite—mcfc iif/ra. H. le Chatelier, 
and G. V. Wilson observed crystals of tridymite in the devitrification of a 
lead-glass. • 

Tm synthesis of quartz, tridymite,* and cristobalite from solutiens.— 

C. Schafhautl t synthesized quartz by simply heating a soln. of colloidal silica in 
an autoclave for 8 days. H. de Senarmont worked in a somewhat similar way at 
2(X)°-300‘’, but instead of water, he used dil. hydrochloric of carbonic acid. K. von 
C'hroustschofl obtained quartz by heating an aq. soln. of colloidal silica to 250" 
for several months; and with a mixed soln. of silica and hydrofluoborio acid; 
at 180'’-228‘’, he obtained cristobalite; at 240‘’-300°, quartz was formed; and at 
310°-3C0°, tridymite. G. A. Daubree heated water in a glass tube to about 300°, 
and obtained crystals of quartz and some silicates by the action of the water on the 
glass. He also found that quartz crystals arc formed when water from the thermal 
spring at Plombihres is heated; and F. Fouqu4 and A. Michel-Levy found that 
some chalcedony is formed at the same time. W. Bruhns heated to about 300° 
under press., a mixture of powdered glass and a dil. soln. of ammonium fluoride, 
and obtained quartz ; when a mixture of felspar and hydrofluoric acid was similarly 
treated lor 53 hrs., tridymite was formed. J. Konigsberger and F. W. J. Muller 
heated glass and water over 300°, and obtained quartz, tridymite, and soda felspar; 
the fUtOted soln. slowly deposited quartz and opal and the undissolved residue 
contained both tridymite and felspar. G. Maschko heated a soln. of sodium silicate 
in a sealed glass tube, and when the temp, was below 180°»he obtained crystals of 
hydrated silica, but above that temp., quartz crystals were formed. C. Friedel 
and £. Sarasin obtained quartz by heating ueaify to redness a mixture of potassium 
hydroxide, gelatinous silica, and alumina for 14-38 hrs. in a steel tube. At a still 
higher temp., crystals of quartz and tridymite were found side by side. Ei Baur 
heated in a steel autoclave at 250°, fot C hrs., a soln. of silicic acid and potassium 
aluminate; when the proportion of SiOj : KAIO 2 was between 5 :2 and 5 ; 26, 
orthoclase, tridymite and quartz were formed, while with sodium aluminate in 
place of the potassium salt, crystals of albite and quartz were produced, and with 
SiOj: NaA102 as 5 : 25, quartz alone was formed. G. Spezia found that the 
evaporation of an aq. soln. of silicic acid furnishes opal, and if alkalies are present 
quartz is produced; if opal be heated wi^h a soln. of an alkali silicate, an aggregate 
of quartz crystals is formed. A hot dil. soln. of sodium silicate dissolves some * 
quartz, and the latter is re-deposited at a lower temp. He foSnd tbai tbb soln. 
and re-deposition of quartz is not afiected by press., but is sensitive to variations 
of temp. A. L. Day and co-workers obtained fine crystals of quartz by besting 
to 400°-450° a mixture of magnesium ammonium chloride, sodium metasilicate, 
and water for 3 da/s in a steel bomb. It will be observed that in the experiments 
just indicated C. Friedel and E. Sarasin. K. von Chroustschoff, W. Bruhns, E. Baur, 
and J. Konigsberger and F. W. J. Mttller obtained tridymite, and that K. von 
Chroustsc^oS also obtained cristobalite. 

The motoal conveidon of the different lomu of silica.— H. Bose ° pointed 
out that before (he discovery of tridymite in nature by G. vom Rath, it h^ been 
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actually propated by G. Rose.-vide supra. H. h Cbateber observed kidymit^ 
was hrtaed by the prolonged heating of quartz m a steel furnace. E. Malbrd 
also observed the development of tridymite, m silica bricks, made from qwntz 
sand mixed with about 2 per cent, of lime, which had been heated for IS 
months in a steel furnace at Assially. Vf. SokoM said that in tbe trarisfor^tion 
the dux seemed to dissolve the quarts and reject it« tridymite Similar cha^g^ 
Have been noted in silica bricks byW. Ssokoloff, P. J. Hohnquist K. EndelI, A. Scott 
etc OF Kammelabcrg noted that the calcination of amorphi^us silica changes it 
into tridymite, L. Klaner said that rock-crystal is not changed when Seated for 
some days in a porcelain oven (1.100°-1600“), but E. Cramer, K. Ended, H. and 
6 Rose etc have noted that under these conditions quartz is changed into tn- 
dyrnite, or a form with a low sp. gr, II. Schulze and A. Stelzner noted the formation 
of tridymite in the walls of a zinc retort; and A. Lacroix in the bricks of a glass 
furjiace at Clicliy. A. Schwantkc observed tridymite in roofing slates which had 
been struck by lightning. U. Velain found crystals of tridymite, anorthite, and 
wollastonite in the glass formed by the ashes of wheat and oats during the con¬ 
flagration of grain mills at I’ctit-Brie and at Nogentel. E. Mallard also noted that 
fihrinu tridymite had accumulated in a cavity in the masonry of a steel furnace; 
the fibrous silica observed by L, N. Vauquelin in the bottom of an iron smelting 
furnace was j)robably tridymite. This form of silica occurs in white silky fibres 
resembling asbestos and has hence been called Eiscmniiinnlh —possibly some graphite 
and titanium cyanide and nitride are also present. C, Schnabel, C. W. 0. Fuchs, 

1’. 0. Grignon, and F. 0. L. Koch also discussed the occurrence of fibrous silica in the 
masonry of furnaces. According to A. (1. Hawkins, a fibrous quartz resembling 
asbestos occurs in the metamorphic slates at several localities on Rhode Island. 

A. Brun transformed quartz-glass into crystallized quartz by heating it between 
7 () 0 ”_ 75 ()" in the vapours of alkali chlorides; between 800° and 1000°, tridymite was 
formed. 0. .Tohus found that quartz-sand was transformed to tridymite at 1500°, 
and suggested that the inversion temp, was 200° lower. E. Sommerfeldt, and 
A. Blackie noted the transformation of qnartz-glass into tridymite at 1200°-1,300°: 
and M. Herso.hkowitech noted the formation of crystals of quartz when quartz-glass 
is heated over the gas blowjiipq (lame. A. L. Day and E. kS. Shcphcr-l found 
that quartz and ainorjihous yilica are transformed into tridymike at about 1000°, 
and in the presence of alkali chlorides the transformation occurs at about 800°, 
and in the back-reaction occurs at about 7’)0". For C. N. Fenner's observations. 


vide infra. < 

Owing to the very small dilfercnces in the properties of tridymite and cristo- 
balite, it is ihoro than likely that many of the alleged transformations of silica and 
quartz into tridymite were, really transform,itions into cristobalite. C. N. Fenner 
has shown that tridymite is transformed into cristobalite above 1470°. P. J. Holm- 
quist, K. Endell, A. Lacroix, A, Scott, etc., have studied the conversion of quartz 
or tridymite into cristobalite, and also the formation of cristobalite in silica bricks 
in high temp, furnaces. F. E. Wright, E. 8. Shepherd, and G. A. Rankin found 
that cristobalite is formed during the slow cooling of molten quartz glass, and 
C. N. Fenner observed that if a mixture of tridymite and sodium tungstate be 
heated for 10 hrs, at 1475°, a considerable iiroportion is transformed into cristobalite, 
but bqlow that temp, no cristobalite is formed. 

There &re abrupt changes in the properties of quartz at about 575°, and hence 
quartz below this ten^p. is designated a-quarta and above this temp. j3-quart*. 
The change is reversible. There are also reversible changes in the properties of 
tridymite at about 117°, and in those of cristobahte at about 270°. H. Steinmetz 
found the transition point of tridymite to be 115°, and the change is attended by 
a 0-6 per cent, expansion. The lower temp, forms are called respectively a-tndymito 
anda-oristobalite; while the higher temp, forms are called respectively ^i- and 
flj-tridyinlte and ^-oristobalite. With |3i-tridymite there is another change at 
about 163°, and above that temp, is formed. The complex series of 
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changes which occur during the calcination of quartz, tridymite, and oristobalite 
' have been elucidated by the work of C. N. Fenner. K. Bndell, W. P. White, 
J. A. Cunningham, J. Konigsbcrger, 

A. Scott, P. Braesco, J. B. Ferguson 
andB. E. Merwin, H. le Chatelier", etc. 

,lle effect of raising the temp, of 
quartz, tridymite, cristobalite, and 
vitreous quartziss^mmarized in Fig. 26, 
after C. N. F/inner. With quartz, at 
about 575°, a-quartz changes into 8- 
quartz, and at the same time there is 
a slight decrease in density. The 
reverse transformation occurred at 
570°. Another change takes place at 
870° ± 10°, for ^-quartz then changes 
into what is called ^.^-tridymite; at 
1470° -f 10°, ^.,,-tridymite changes into 
jS-cristobalito, which melts at 1625°. 

To summarize, the region of stability of each form lies between the transition points : 

675 “ 870 “ 1470 “ 1625 “ 

a-Quartz 4=i jS-Quartz ^j.Tridymito ^.Oristobalite Molt 

If a-tridyraite be, heated on a gradually rising tomji., it changes at about 117° 
into jSi-tridymite, and at 163°, ^j-tridymite changes into what is called ^ 2 dJ'idymito, 
which then changes on subsequent heating at 1470“ into iS-cristobalite, which molts 
at 1625°. The transition points of o- into ^j-, and of j9i- into Jjj-tridy'nito “r® 
shown on the curves. Fig. 26, where the press, are diagrammatic. The to jSa-tri- 
dymite transforination is supposed to be analogous with the o- to |3-quartz transfor¬ 
mation. To suii'inarize, the region of stability of each form lies between the 
transition points: 

117 ' 163 ' 1470 “ 1625 “ 

a-Trji]ynuto g,.Truiymito ta ^ 3 -Tridyniito ^-Cristobalite iia Melt 

• 

According to 41. le Chatelier, cristobalitc is the mctastablo phase in relation to 
tridymite, so that above 1480°, tridymite is more stable than cristobalite ; while, 
according to A. Scott, tridymite is the stable phase up to ift least 1550°, since bricks 
containing 97 per cent, of silica are practically all tridymite after being at this 
• temp, for prolonged periods. C. N. Fenner, however, claimed that in the absence 
of an agent mineralisateur the transformations between tridymite, oristobalite, 
and quartz arc remarkably sluggish, and that because tridymite can bif heated 
iu a dry state at temp, exceeding 1480° without transformation is of no importance 
in drawing conclusions as to stability relations, when under proper conditions it 
can be converted into cristobalite; and he has again emphasized that at temp, 
above 1470° ± 10°, quartz, tridymite, and amorphous silica have repeatedly and 
imequivocally been converted into cristobalite ; between 1470° ± 10° and 870° ± 10°, 
quartz, cristobalite, and amorphous silica have similarly been converted into 
tridymite; and below 870° ± 10°, tridymite, cristobalite, and amorphous sifica have 
been converted into quartz. J. B. Ferguson and H. E. Merwin also demonstrated * 
that the stability region for cristobalite lies above that for tridymite. • * 

Similarly, if a-cristobalite be heated, it passes into j3-cristobalite at about 
225°, and this melts jt 1625°. The transition temp. 225* is not sharply defined,’ 
since in the conversion of o- to ^-cristobalite, the observed values ranged between 
274 7° and 276'9°; and for the reverse transformation, between 240’5° and 1981°. 
To summarize, the region of stability of each form of cristobalite lies between the 
transition points: 

• 226 “ 1626 “ 

a-Cristobalita ^-Cristobalite Melt 



*Fio. 26.—The Equilibrium Conditiogs of 
Quartz, Tridymite, and CrUtobalito. ^ 
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The. n-ktion^hip hdwm these different form of silica is illustrated 
mat/ral/y in Fig. So far as informarion is at present available, tie more impo,. 
taut physical ptoj'crties of the products of these different mutations of qtiartz aud 
its polymers are summarized in Table II, 

r 

Table II.—Physical PEOPBimBS op the Dipfebeht MoomcATiONS op Smcjt 


- 

j Crystal 
j system. 

/ SpedSe j Index of retraction 
1 gravity. / Csodium light). 

/ Voublof 

j retactioh. 

/ Polarization 
J (sodium light). 

a-Qa&rtz . . 

Hoxagoniil 

' 2-6S 

0,, 1-mg (570°) 

+0 0091 (20°) 

■ 21-7’'(20°) 

/5*Quarlz . . 

Hexagonal 

2*633 

€, 1-5328 (670") 
a,, 1*6328 (680“) 

+0*0080 (670'’) 
+0 076 (SOO") 

24-r (660°) 
2-62“ (600°) 

fl-Tridymite 

Rhornbic(?) 

2'28 

e, 1-6404 (680°) 
1-4776 

+0-0021 

— 

j8,-TndymiU) . 

Hoxogunal 

2*30 


Feeble 

— 

Hexagonal 

— 


— 


a-Cristuhalilu . 

Tetragonal 

2*348 

1*486 

-0-00063 (?) 

— 

jS-C^iHtobalite . 

Cubic 

2-216 

— t 

Foeble 

— 

StllClV glOEri . . 

Amorphous 

_4_ 

2*21 

1-460 1 

NU. 

NU. 


The form of ijuartz present in chalcedony shows no signs of the transformation 
at 675", anil, when fused with sodium tungstate, seems to change directly into 
^ 2 -tridymito at about 870° without showing the 575° transition point. This is 
possibly an effect of the greater speed at which chalcedony passes into the form with 
alow sp. gr. N. Kenner, however, suggests that the quartz of chalcedony may 
he another modification of silica ditfereut from quartz. A. Wietzel concluded from 
his ohservations on the sp. lit., etc., that chalcedony is not a distinct form of silica, 
hut simply niicrocrystalline quartz ; he also studied the stability of the different 
forms of silica when associati'd with quartz-glass. 

■T. Jloroziiwicz' reported a prismatio modifiralioii of quartz to bo formod along with 
tridymite when an aluinmoua magma Bupereatiirateil with silica is allowed to cool; and 
F. FonquA and A. M. TAvy also said that a i)rismatic form of silica is. produced when an 
oxcosa oi silica is fused with augito, enstatito, or hyperstlieiie. 

The ditfereut variefies of natural quartz have different speeds of conver¬ 
sion.* J. W. Mellor and A. J. Campbell found that quartz was transformed much 
more slowly than Hint. If A’ denotes the sp. gr. of the material after n firings in a" 
pottery oven, they found th.at with flint, iS'(fi-7—«“‘"®')=H-87; and with 
quartz', 8'(7'8—e~‘”‘’'Ji--18'0'Jti. J. T. Kobsou also found that Hint and chalcedony 
changed more quickly than sand and quartz rock. The subject was studied by 
A. Uriin. 

Analyses ol quart*, tridymite, and cristobalite.— J. G. Wallerius » did not 
give an analy.sis of quartz or A'tesel in his description of this mineral in 1750. In 
1779, T. Bergman gave for the analysis of a specimen of rock-crystal: Silica, 93 per 
cent.; ,glumina, 0 per cent.; and calcium oxide, 1 per cent. M. H. Klaproth, 
I). L. G. Karsten, and C. B’. Bucholz alsft made analyses of varieties of quartz. 
Good rqck crystal contains 99’5 per cent, of silica. Numerous analyses—K. A. Genth, 
P. Schweitter, J. W. Mallet. A. dcs Oloizeaiix, C. B'. Rammclsberg, P. Holland, 
A. Becker, etc.—have ^been made. Analyses of tridymite have been made by 
0. vom Rath,'® N. S. Maskclyne, V. Wartha, A. Koch, C. JVinkler, etc. G. vom 
Rath analyzed cristobalite—etifc supra. 

E. Weinschenk found traces of titanium, iron, and manganese in many 
varieties of quartz; and manganese was also found in a blue quartz. A. Nabl 
found iron, sulphur, and nitrogen in amethyst. L. Wohler and K. von Kraatz- 
Koschlau found no sulphur. A. Nabl found ferric oxide in citrine quartz. 
C. F. Bammelsberg said amethyst from Brazil contains O'Ol per cent, manganese. 
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■na a clear quartz had 0'02 per cent, ferric oxide, 0'02 per cent, calcium oxide,. 
End 0 04 per cent, soda; an amethyst had 0 0027 per cent, of carbon. S. Curie 
nnd S. £7. Gleditsch found traces of lithium in transparent quartz. N. von Fuchs 
'found 10 to 1'5 per cent, titanic.oxide in rose quartz. A. Forster obtained 0'6 
to Ql6 grm. of ammonium carbonate by distilling 4'6 kgrms. of smoky quartz. 
E.'WOlIng found no perceptible loss of weight when smoky quartz is decolorized 
at 300°— vide the occurrence of coloured quartz. ’ 

Quartz crystal* may show cavities containing liquid, solid, and gaseous in¬ 
clusions— fids 1. 11, 2, Fig. 3. H. Davy 12 found that the cavities in rock crystal 
contained water with a trace, of alkali sulphates, and nitrogen gas. D. Brewster 
found that the fluid enclosure contained crystals of calcium carbonate. F. Salm- 
Horstmar found traces of chlorine in quartz, and he assumed this was derived from 
alkali chlorides present as impurities. H. 0. Sorby found cubic crystals contained 
in the liquid in the cavities of some quartz crystals, and he Ijelieved these crystals 
were sodium chloride. This wastconfirmed by the observations of F. Zirkel, 
H. Eosenbusch, E. Warburg and F. Tegetftteier, J. Konigsbcrgcr, etc. J. HonigB- 
berger and W. J. Miiller analyzed the inclusion in the cavity of a sample of quprtz 
from Bachistock (Switzerland) and found : 

H,0 CO, CO", SO", Cl Sit K U C» 

Percent. . . 834 9'5 PS _ 0-6 1-6 20 07 0'2 0-3 

H. C. Sorby found alkali and calcium sulphates, free acid, and in some cases almost 
pure water. H. Vogelsang found siiectroscopically cavities with an aq. soln. of 
carbon dioxide, and also with liquid carbon dioxide—the liquid disappears when 
the temp, is raised above the critical point, 32°. This agrees with the observations 
of D, Brewster, T. Simmlcr, W. E. Hidden. J. Bosscha, H. Geisslcrand H. Vogelsang, 
etc. C. W. Hawes found so much carbon dioxide under press, in the cavities in a 
quartz from Brancheville (Conn.), that when broken up with a hammer, some of 
the cavities burst open with a report; A. W. Wright obtained from this same 
quartz a gas with y8-32 per cent, carbon dioxide, and I'fiS per cent, nitrogen along 
with smaller amounts of sulphur dioxide, hydrogen sulphide, volatile hydrocarbons, 
ammoSia, and chlorine ; or if referred to the accompanying water, 30'48 per cent, 
carbon dioxide, 0*50 ])er cent, nitrogen, and 69'02 per cent, water. From the basis 
of the ratio of liquid to gaseous carbon dioxide in the inclusions, and other known 
data, A. Johnsen, and 0. Miigge endeavoured to calculJte the conditions under 
which particular specimens have been formed. The quartz is used as a kind of 
geological thermometer. C. L. Reese, and 0. Techermak reported that petroleum 
enclosed in the cavitie.s of some crystals from Giintersville (Alabama), and asphaltum 
in crystals from Herkimer Co. (NewsYork). H. Sjogren found methyl diiJhlphide 
or ethyl hydrosulphirle in quartz from Salangen. J. G. Bornemann found plant 
remains in the rock crystal from Oherlungwitz and Badowenz in Bohemia. 
G. Techermak gave the following list of minerals he had observed included in quartz: 

Magnetic pyrites, mispiokol, pyritc, argentite, antimonite, molybdenite, zinc blende, 
anatase, rutile, hiematito, ilmenite, magnetite, dolomite, calcspar, ampbibole, topaz, 
felspar, tourm^ine, muscovite, chlorite, epidoto, titanite, laumontitc, deemine, and 
pilmite. G. A. Kenngott, and K. J. O. Beaugoy observed anhydrite included in quartz. ^ 

• 
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Tranji. New York Aeod., 1. EM. 1882 ; J. Bo.sscbu, Ann. £cok Polyt. Delft, 1. 169, 1885 ; Netics 
Jahrb. Mtn, il, 291, 1887 ; J. (1 Horiieinann, 7.“il. dent. gcol. (/c.?.,32. 284.18W); G. A. Kenngott, 
FtrA. Gni. Bern, 131. 18.58; Ve.htrstchi der Besullale mineralogi.''ch<r Forschungen, Wien, 106, 
1858; Jhc Mim ralr (urScfiieciz, Leipzig. 26,18()6; Neues Jufn% Min., fK)l. 18.59 ; H. J. G. Beau- 
gey, Bull. Soc. Min., 12. 396, 1889. 


§ 18. The Physical Properties of Silicon Dioxide 

• 

The colour of quartz has been indicated in connection with the occurrence of 
this mineral. 0. Kuli and P. Schmidt said the vapour at 1900°-2160° is blue. 
The crystalline form of quartz attracted the attention of Pliny, who, in his Historia 
naluralis (8. 37, c. 77), said that “ it is not easy to account for the regular liexagonal 
shape and smoothness of the crystals and this the more as the pyramidal terminations 
do not always have the same appearance.” Quartz crystals furnished H, Steno 
(1669) 2 with material for his work oh the constancy of the angles of crystals 
M. A. Cappcller made a measurement of the angles of the crystals in 17J3. In 
1783, J. B. L. Rome de ITsle measured the angles of several varictie# of quartz, 
and showed that tl n’y a yu’une settle espece de cneUtl de .roche ; that lee masses 
moins reguliires tm mmns homoglnes prennent les noms de quartz, de grls, d’agate, 
caiUou, jaspe, etc.and that amethyst is nothing but rock crystal coloured violet 
or purple. Observations were also made by R. J. Haiiy, C. 8 . Weiss, H. Dauber, 
O.Rose, N. von Kokscharoff, W. Haidinger, J. Bindrich, S. Ichikawa, M. Websky, 
A. des Cloizeaux, G. Sella, F. Hessenburg, P. Lcydolt, V. von Lang, etc. The 
typical quartz crystal is a doubly terminated hexagonal prism (Fig. 27), and it 
appears as if it*were a combination of a hexagonal prism and a bipyramid. Some 
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typicftl crystals remaining after the dissolution of the calcium carbonate from some 
Derbyshire limestones are illustrated by the photograph, Fig. 27. Confer Fig. 70, 

1 . 11,7, in some cases the crystals'appear as 
the simple bipyramids. Quartz crystals 
belong to the hexagonal system. Acewrding 
to A. T. Kupffer, the axial ratios'are 
0 : c=l: r09997, and the constants of the 
forms: r {lOOj, z {224, “ 1211}, are wf. 
38° 31', and rz, 46° 31'. A. N. Winchcll 
found a rock from a mine near the Iron 
River,-Michigan, contained isotropic quartz. 
The quartz gave the standard X-radiogram 
so that the apparent isotropism was at¬ 
tributed to the extremely fine state of sub¬ 
division of the mineral. 

‘ The trigonal symmetry of quartz is 
illustrated by crystals with three alternate 
faces of the pyramid larger than the remain¬ 
ing three, showing that the hexagonal 
hqiyramid consists of two rhombohedra; by 
ciystals which are terminated by one rhom- 
bohedron, and by crystals which occur as 
simple rhombohedra. Crystals with certain 
face.s only on alternate corners show that 
the crystals are trigonal trapezohedra. The.se crystals possess no centre or plane of 
symmetry, and they are enantiomorphous. Fig. 27. The two sets of faces may form 
what are conventionally known as right- and left-handed quartz crystals: a crystal of 
the one kindisamirrorimageof theother. The twokindsareaboutequallynumcrous. 
When complementary right- and left-handed faces occur on the same crystal, it is not 
a single crystal but an interponetrant twin. Two right-handed or two left-handed, 
or a right- and left-handed, crystals may be twinned by interpenetration parallel 
or perpendicular to the prism edge. The, twinning of right- and ly,ft-hauded'crystals 
frequently occurs in quartz 'crystals from Brazil, and is hence called Bmzxlian 
tmnning; Fig. 30 is an example; and the twinning of two right- or two left-handed 



Fro. 27.—Quartz Crystats. 






Fro. 28i—Loll- Fro. 20.—Right- 
handed Quartz. handed Quartz. 


• 

crystals is called Dauphini (Ka'aniiij—after Dauphind, near Bourg d’Oisano. There 
is also twmuing by juxtaposition, forming genicular (Fig. 32), three-rayed, and cruci¬ 
form (Fig. 33) twins. G. Friedel, and J. Beckenkamp have discussed the twinnipg 
laws of quartz. Mis-shapen and distorted crystals with horizontal striations are 
also found. 0. Miigge showed that while o-quartz crystallizes in the trapezohedral- 
tetartohedral division of the hexagonal system, )3-quartz is also hexagonal but has 
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trapezohedral-hemihedral symmetry. The ajial ratios of the two forms are nearly 
identical. The only crystallographic change which occurs during the passage from 
a- to j8-quartz is a molecular rearrangement, so that 
the common digonal axes of the j3-form become polar in 
the (j-form. 

Quartz which has been formed above STS" can be distin¬ 
guished from quartz which has never reached that temp. At 
ordinary temp, all qbartz is a-quartz, but if at any time in Fto. 32.— h'lo. 33 — 

Its lustory a particular piece of quartz lias iiassed the inveraion Oenioular Cruciform 

point and been heated above 675^, it bears over afterwards Twin. Twin, 

marks potentially present which on proper treatment can be 

made to appear just as an exposed photographic plate can be di.stinguished at once from 
an unexjxiaed plate on i mm ersion in a proiier developer, although before developmeut both 
plates may be identical in>appearancu 

F. E. Wright and E. S. Larsen go further and say that <|uartz can ho used »s a 
geological thermometer, because, if at an^ time quartz lias been heated above 
575 “, this fact is recorded in its structure by the corrosion figures. Hence also, 
quartz in any rpek must have been formed below 870", and its peculiarities indicate , 
whether it was crystallized below or above 575°. 

During the microscopic examination of some pieces of trachytic porphyry from 
San Cristobal, near Pachuca (Mexico), in 1863, G. vom Hath » found .some hexagonal 
tabular cry.stal 8 of eine neue Krystallfom ’der Kiesdsaiire which frequently exhibited 
compound twinning, and since there were usually three individuals in one com¬ 
pound form, he named the crystals tridymite —from rptSv/i Js-, triplet. The crystals 
had a sp. gr. varying from 2'295-2'326 (15°-16°), thus corresponding with ojial 
rather than with quartz ; and they furnished on analysis : itO-l per cent, of silica ; 
1-9, ferric oxide ; 1'3, alumina ; and 0-66, loss on ignition. G. Hose then showed 
that if powdered rook crystal or amorphous silica be 
calcined in a porcelain oven, or if adularia or amorphous 
silica be heated with microcosmic salt, tridymite is 
usually obtained. The crystals. Fig. 34, are thin hexa¬ 
gonal plates bounded by the faces c ( 0001 ), m ( 1010 ), 
and the subordmJte faces a (1120), and p (Kill). Ihe T’ridymite. 

crystals may show juxtaposition twins, or trillings; or the 

twins may be formed by interpenetration, and they may octur in fan-shaped groups, 
or spherical aggregates. According to R. Braui^, and E. Mallard, the crystals of silica 
from the Euganean Hdls, which A. Lasaulx described as tridymite, are really quartz 
crystals into which the original tridymite has changed. He found that crystals of 
tridymite from Oerro San Gristobal, apd Mont Dore, arc pseudo-hc.xagonal, Imt they 
belong to the rhombic system and have the axial ratios a:b: o—0'b77i '■ 1: 0'9405. 
There is a change of tridymite into a hexagonal form near 130°, so that silica can 
exist in two crystalline forms of hexagonal symmetry ; one of the forms is quartz, 
the other tridymite. The axial ratio of ^i-tridymite at 130° is o ic-^l . 1 65304, 
F. Wallerant regarded tridymite as a monoclinic mineral with rhombic symmetry. 
The crystals have also been studied by A. Mcrian, G. Boeris, R. Panebianco, 
M. Schuster. J. Bockenkamp, E. Billows, F. Sandberger, and F. Zirkel.. rndymite ^ 
is found in certain acidic volcanic rocks ; the primitive rocks on the earth’s crust, * 
however, always have their free silica in the form of quartz. N. & MUskelyne 
desciibed crystals of a variety of silica which he found in a meteorite from Breiten- 
bach (Bohemia), and which he named asmanite -itom the Indian term a-sinan, 
thunderbolt. M..Sc£ultze showed that asmanite and tridymite are the same 
mineral species. E. MaUard showed that lu»s<UiU' is a fibrous scaly 
crystals with a weaker double-refraction than that of quartz ; and F- olavik 
said that lussatite is probably a fibrous variety of tridymite mixed with a little 

^ In 1887, G, vom Rath also found as an inclusion in the augite of San Cristobal 
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another form of crystal different from tridymite and quartz; the analysis was: 
SiOj.Ol-O percent.; Fe^Oj and AljOj, 6-2 percent. He named the crystals cristo- 
balite from the place where they were found. The eScternal form of the crystals can 
referred to the regular octahedron. According to E. Mallard, cristohalite is a 
distinct species and not a mere variety of tridymite, although the sp. gr. a*e so 
nearly aliho. The crystals which are usually imperfect are pseudo-cubic, but they 
rtaily belong to the tetragonal system; they are grouped in such a way that the 
bases of six pyramids represent the six faces of a cube. There isi a similar grouping 
in analcime, and E. Mallard added, that, like analcime, cristobalite i» only approxi¬ 
mately tetragonal and uniaxial, and ought rather to be regarded as rhombic. At 
175°, he says, cristobalite undergoes a reversible change, all birefraction disappears, 
and the crystals acquire the optical properties proper to their external cubic form. 
Hence, a-cristobalite is regarded as tetragonal, and mimetic cubic; while fS-cristo- 
baljte is cubic. J. Beckenkamp, 0. Mugge, and P. Gaubert have made observa¬ 
tions on this subject. < 

The crystalline form of chalcedony has not been determined, although C. Hintze * 
said that it is vielleichi rhombisch. Chalcedony and flint are usually said to be cryp¬ 
tocrystalline. Chalcedony occurs in mammillary, botryoidal, or stalactitic masses, 
and lining or tilling cavities in rocks. Opal and vitreous silica are amorphous. 
According to F. Savart, quartz docs not admit of cleavage in the ordinary way, but 
if the prism be made red hot and suddenly cooled, the fractures which occur give 
rhorabohedral pieces. Hence he infers that the primitive form is the rhombohedron 
like that which would be obtained if the crystal were susceptible of cleavage parallel 
to the three non-adjacent faces of the prism. E. W. Washburn and L. Navias 
conclude from their examination of the X-radiograms of quartz, tridymite, cristo- 
balitc, silica glass, raw and calcined flint and chalcedony, that calcined chalcedony 
can be regarded as a kind of silica glass; while calcined flint may be either cristo¬ 
balite or tridymite. Raw flint and raw chalcedony contain much quartz in a 
colloidal state. R. Wiotzel t found chalcedony to be simply microcrystalline quartz. 

laird Kelvin, H. Nakamura, and S. Ichikawa studied the molecular structure 
of quartz. The X-radiogram of quartz has been investigated by W. H. Bragg. 
He refers the lattice to a set of hexagonal axes, because this gives the simplest 
explanation of the observed spectra. The value of a is 4'8i)xlO'8 cm., and there 
are three mols. of silica, SiOj, associated with each iioint of the lattice as structural 
units or crystal mols. The quartz lattice is produced by three 
interpenetrating he.x^pmal lattices. These are so related that they 
cun be derived from each other by a rotation of about |rr, and a 
translation of Jc along an axis parallel to the direction of c. Fig. 35, 
where o : c=l: MO. Each ht'xagoual lattice locates the position of 
one-third the triplets. Each trigonal axis of the structure has 
points arranged spirally about it; and, since a spiral can be either 
Kifl 36 Cell of right-handed, the enantiomorphism of quartz follows. 

S|iaeo'lAtiicc Beckenkamp assumed that the silicon atoms form a rhombohedral 

(W.H. Bragg), lattice instead of a throe-point screw as in W. H. Bragg’s structure. 

. J. Bcckenkamp’s lattice of ordinary quartz is in effect a 3-fold 
^triangular prismatic lattice with the trigonal axis vertical. Fig. 36. The solid 
circles i;cpreseut one layer of silicon atoms, the second circles another layer, and 
the open ciitles a third layer. The fourth layer is like the first, the fifth like the 
second, etc. The positions of the oxygen atoms represented by small circles in the 
diagram depend on whether the crystal is right- or left-handsd. In right-handed 
quartz, the oxygen atoms are situated as in the inset of Fig. 36,“ where the lowest 
layer of atoms is numbered 1. the next layer 2, the next 3, . . . The pairs of 
oxygen atoms 1 and 3, 4 and 6. 7 and 9, are associated respectively with the 
silicon atoms 2, 6, and 8. The series of 9 atoms of three SiOj-triplets thqs form a 
helix rotating to the right. The spiral structure appears only after the introduction 
of the oxygen atoms, the arrangement of the oxygen atoms is such that the orienta- 
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tion of the valency directions is the same in horizontal or vertical mol. layere, and 
the optical rotation perpendicular to the vertical axis is then explained, S. Kyro- 
poulos, C. Mauguin, L. W. McKeehan, E. W. Wash¬ 
burn and L. Navias, H. Hags and F. M. Jager, 
and«F. Rinne have discussed the X-radiogram of 
(i-ijuartz; S. Kyropoulos found quartz-glass and 
silicic acid are amorphous. M. L. Huggins, 

L. W. McKeehaiH and R. B. Sosman have sug¬ 
gested a possible structure for the quartz mols. 

According to the theory of the electric structure 
of atoms (4. 27, 3 and 4), the silicon atom has a 
nucleus with a positive charge of 14, and sur¬ 
rounded by 14 non-nuclear electrons; the oxygen 
atom likewise has a nucleus with a positive charge 
of 8 , and surrounded by 8 non-nuclear electrons. 

Each atom of both elements has an innet ring of 
two electrons, and outside the inner ring there 
IS a ring of 6 electrons with the oxygen atom; 
and with the silicon atom two rings with 
8 electrons in the innet ring and 4 in the external ring. Both silicon and oxygen 
have a tendency to complete a stable erfternal ring of 8 electrons. This tendency 
causes the combination of silicon and oxygon to form three 
interlocking systems corresponding with the single mol. of silica, 

SiOo, Fig. 37. Three such mols. would form a structural triplet 
unit. The resulting 3-atom mol. is roughly tetrahedral because 
of the grouping of the electrons of the octet in pairs, and the 
three are closely assembled with an atom triplet which is 
approximately trigonal. R. B. Sosman tried to follow in Fio. .17. — Ulor- 
imagination the changes which occur as quartz glass crvstal- tronic Stmeturo 
lizes ; and as the different forms of silica pass through their jJj„|„cuie ' 
different inversion points. It is assumed that the atom-trijilct 
SiOj Ihaintains jte individuality in all forms of quartz and silicates {q.v.)- The 
muon of these triplets furnishes a silica-thread ; * 

0-0 0-0 • 

V V 

A A 

0 - 00-0 

• 

These threads are supposed to form in the liquid state or even in the vaporous 
state. In the liquid they are in a constant state of vibration and movement, 
with the oxygen atoms in haphazard orientation relative to the thread. On this 
view, solid silica glass is analogous to a compressed pad of wires. The thread 
structure is believed to persist in the crystalline state, and the three principal 
crystalline modifications (cristobalite, trid 3 unite, and quartz) are built up^by com¬ 
bining the threads through the oxygen atoms. The high to tow inversions (o-j 8 ) 
in all three forms are considered to be due to a change in the state of motion of* 
certain electron orbits resulting from increased thermal vibration c4 the atoms. 
These changes produce sudden alterations in the shape of the silica triplet and 
the relative posiRoni of the two oxygen atoms. In cristobalite, the oxygen 
atoms of the sifica threads arc incompletely fixed, some of the threads being 
capable of rotation about tbe silica axis. This explains the variable inversion 
point of this form of silica. F. Rinne, and J. Beckenkamp have made sugges¬ 
tions about the structure of /3-quartz; and J. Beckenkamp, about the structures 
of tridymite and cristobalite. 

The natural and artificial etching of quartz crystals brings out the peculiarities 
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of twinning, and the enantioraorphism of the crystals. The flPJMS of 

left-handed quartz are complete mirror images of those of right-handed quartz, 
as illustrated by Fig. 40. The etching of quartz with hydrofluoric oed'hM been 



FiO. 38. - Amingo- 
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Fjo. 30. —Arrange- 
montsof Atoms 
in the Brazilian 
Twinning of 
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Fig. 40. —Corrosion Figures of 
Quartz with Hydrofluoric Acid. 


studied by F. Leydolt,® G. A. F. Molcngraaff, .1. Bcckenkamp, A. Stelzner, 

F. Gonnard, S. Ichikawa, 0. Meyer and S. L. Penfieid, A. Bonier, A. 0. Gill, F. Salm- 
Horstmar, etc.; witli a soln. of polassimil or sodium carhonalc, by G. A. F. Molen- 
graall; with a soln. of potassium hydroxide, by 0. Miigge, H. Baumhauer, and 
J. Beckenkamp; with a soln. of sodium silicate or sodium borate, by G. Spezia; 
with a soln. of borax under press., by G. Lincio; and with water under press., by 

G. Spezia. C. Friednl also examined the corrosion figures produced on fS-quartz 
by fused potassium hydrosulphate at 000°. K. Jimbo, and S. Ichikawa discussed 
the natural etching of quartz. 

Ill the Arabian The Book of the Best Things for the Knowledge of Mineral Sub- 
slanceji, by Abu-r-Raihan,^ written towards the end of the tenth century, the 
Speciflo gravity of rock crystal is stated to be 2'50; and another Arabian writer, 
Al-Khazini, in hi.s Book of the Balance of Wisdom, written in the twelfth century, 
gave 2'8S for the sp. gr. of what is thought to be rock crystal. E. Boyle.s id 1690, 
gave 2'650, and D. G. Faltrcnhcit, in. 1726, gave 2'669. A. lo Royer and 
J. B. A. Dumas gave 2'652 at 4° in vacuo; 0. J. St. 0. Devillc, 2 656; W. H. Miller, 
2'66259 at 18°; F. G. Se'baflgotsch, 2’G53 at 13° (mean of 5); T. Schcerer, 2-653 ; 
A. I.ivcrsidge, 2'683 at 20°; A. L. Da^ and E. S. Shepherd, 2'650 at 25°; L. Ablets, 
2-6507-2-0528 at 0°/4°; J. Joly, 2-049-2-652 at about 14°/4°; R. Weber, 2-038; 
A. S. Herschcl and co-workers, 2-54; A. Bartoli, 2-63 ; and F. C. Neumann, 2-61. 
F. S. Heudant gave 2-6354 and 2-6541 for thte extremes of eleven determinations. 
L. Ablets measured the sp. gr. of quartz. H. C. Dibbits gave: 


0- S’ W 16* 20' 26’ 80’ 60’ 100’ 

Sp.gr. • . 2-6607 2 0802 2-6408 2-6493 2-6488 2-6484 2-0479 2 6460 2-6409 

A. Breithaupt gave for amethyst, 2-059-2-744; for smoky quartz, 2-051-2-658; 
for rose quartz, 2-651-2-658; and for milky quartz, 2-618. A. Forster said that 
the sp. gr. of a sample of smoky quartz was 2-6503 at 0°, and after dccolorization 
'by heat, 2-6502. Tlie Earl of Berkeley's values tanged from 2-0484-2 6487 for 
temp, botwftjn 21-24° and 21-95°. A. W. Warrington gave 2-650457 1 0 000013 
at 0°; and the vol., v, at 6°, is ii-=t)o(l l-0 04336699-t-0-07312792), when ej is the 
vol. at 0°. For the sp. gr. of tridymite, G. vom Rath gavq 2-295-2 326 between 
15°nndl6°; 2-282at 18-5°; 2-247fora3nianitc; and 2-166 for a sample o£ tridymite 
from Caik-Sz-Domokos in Hargitta Gebirge. A. Baltzer gave 2 208 for a sample 
from Lipari; and A. Weisbach, 2 274-2 278 for a sample from the Rittersgiiin 
meteorite. A. Koch gave 2-43 for the sp. gr. of tridymite. G. Rose gave for 
artificial tridymite 2 311-2 373; P. Hautofouille, 2 30 at 16°; and A. L. Day, 
2-328-2-326. H. Steinmetz said that when o-tridymite changes to fSi-tridymite 
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at 115°, its vol. expands 0'6 pet cent. According to E. Mallard, the sp. gr. of criato- 
balitc is 2'34, a little higher than the value for tridymite; P. Gaubcrt gave 2'348; 
and G. Vom Rath, 2’27. The mean sp. gr. of eleven samples of artificial calcined 
silica was found by F. G. SchaSgotsch to be 2 20 at 12'5°, and F. Ullik gave 2 323. 
E. jy. Washburn and L. Navias gave for the sp. gr. at 25°/25° of raw chalcedony, 
2'i5-2'61; raw flint, 2'61-2'63; quartz, 2'65; calcined chalcedony, 2175; cal¬ 
cined flint, 2-25 ;■ cristobalite, 2 33; tridymite, 2'27 ; and silica-glass, 2T94-2'21fi. 
C. J. St. C. Devilll found that the sp. gr, of crystalline silica, 2'656, fell to 2 22 alter 
fusion. W. A. Shenstone gave 2'21 for the sp. gr. of vitreous silica or quartz 
glass; A. L. Day and E. S. Shepherd gave 2'213', and F. A. Schulze, 2'22. 
0. Doelter gave for the best representative values : 

Quartz Tridymite Oriztoballte Opal Quartz glaaz 

Sp. gr. . . . 2-65 2-31 2 30 2 20 2 20 

J. Johnston and L. H. Adams measured the sp. gr. of quartz and concladed 
that when homogeneous material*free frqni cracks and cavities is powdered, the 
change of density thereby produced is but little greater than the error of the method 
of measurement. E, W. Washburn and L. Navias found the sp. gr. of calcined 
chalcedony to be raised about 2 per cent, when the material is very finely powdered. 
They attribute this to the opening up of pores previously healed from access by the 
liquid by which the sp. gr. was determinpd. It is, however, also probable that the 
increase is due to contamination from the vessels in which the material was ground. 
Similar remarks, but in the converse direction, apply to the reduction in the sp. gr. of 
quartz ground in an agate mortar observed by 1’. C. Ray. The hardness of quartz,® 
tridymite, and cristobalite is 7'0 (the diamond, 10); chalcedony is a little softer. 
According to F. Auerbach, the hardness of quartz on a face, parallel to the c-axis, is 
in absolute numbers, 308 kgrms. per sq. mm. (8.20,7), and if vertical to that axis, 
230 (diamond, 2600). H. Rose said that the hardness of quartz glass is fully equal 
to that of rock crystal; and, according to W. A. Shenstone, the hardness lies between 
that of felspar and chalcedony. According to M. llcrschkowitsch, quartz glass 
has a hardness of 233 kgrms. per sq. mm. (diamond, 2500). R. Franz gave for the 
relatigo hardness (corundum 1000), 667 ; F. Auerbach, 268; A. Rosival, 176; 
T. A. Jaggar, 4(4; and F. Pfafi, 390. The subject, was discussed by A. Reis and 
h. Ziraraermann. C. Johns and C. H. Desch showed that siUca glass is harder 
than crystaUine quartz. P. J. Holmquist investigated the abrasive hardness with 
carborundum of different grain-size. He also found that with the (OOOl)-face as 
standard for the abrasive hardness, 1000, tliat for the (lOiO)-face was 9 (j 0 ; and 
for the (lOfl)-faco, 840. C. E. Guye and A. Morein studied the viscosity of quartz 
threads. % 

The elasticity of quartz with respect to sound-figures was studied by F. Savart.t® 
He cut circular plates parallel or perpendicular to the principal axis, and also planes 
parallel to cleavage faces ; he found that the elasticity of all the diameters of any 
plane perpendicular to the principal axis is sensibly the same; planes parallel 
to the axis are not the same, but if three planes be taken which form equal angles 
with each other, the elasticity is the same. According to W. Voigt, the_ modulus 
of elasticity of quartz is 13,060 kgrms. pet sq. mm. at —45°; 10,304 at 0° ; 8406^ 
at 45°; and 7853 at 90°. F. Auerbach gave 10,300 at 0°. At ordinary temp.,' 
C. E. Guye and V. Fredericksz found the elastic modulus decreases with a fall of 
temp.; with metals, the reverse usually obtains. On the other hand, A. Perrier and 
B. de Mandrot found that the elasticity of quartz decreases as the temp, rises to 
575°; beyond that, the elasticity at first increases very greatly for small increments 
of temp., and then gradually diminishes. They gave in kilograms per sq. mm., 
parallel to the optic axis, 10,4^ at 18° ; 6960at572°; 65I0at574°; 6320at574'5 ; 
6020 at 575°; 6680 at 576° ; 9060 at 577-5°; and 9910 at 1078°; in a direction 
perpendicular to the optic axis, 8010 at 18° ; 3670 at 573°; 3210 at 674°; 9030 at 
576°; 10,53aat 585°; and 12,190 at 1140°. A. Blackie found that the samples 
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of commercial quartz glass had a tensile strength varying from 281 to 902 kgims. 
per sq. cm., and in all eases after heating for definite periods to temp, between 
1124“ and 13.53°, the strength tell considerably owing to devitrificatioil by the 
growth of tridyinite. W. Vhngt gave for the tensil6 Strengtll parallel to the chief 
axis, 16'3 kgrins. per .sq. mni., and vertical to that axis, 12'6 krgms. per sq men.; 
and for the crushing strength, 182 kgrins. per sq. mm., and 160 kgrms. per sq. mfn. 
vertical to that axis. K. Kinne gave 153-64 kgrms. per sq. mm. G. Berndt gave 
25,000 kgrms. per sq. cm. for the crushing strength of quartz pat-allel to the optic 
axis, and 22,800 kgrms. jier sip cm. pcrjiendicular thereto. F. Stumpf measured 
the elastic constants of quartz glass; and S. N. Petrenko, the behaviour of quartz 
glass under comjiressivo tests. F. A. Schulze found the elasticity of quartz glass 
to be less than that of quartz. A. A. GritSth found the tensile strength of fresh 
fibres of fused quartz diminishes in a few hours to its normal value. This is explained 
by the formation of ulfra-microscopic cracks. A. Mallock obtained for the elastic 
moifulus of quartz in the direction of the axis .''•RixlOH dynes per sq. cm.; for 
smoky quartz, 1-207 x 1U'“, and for agrfte, 6-381X10*'. W. Voigt also found for 
the coolt. of torsion of quartz 840.5 kgrms. per sq. cm. and 5085 kgrms. per sq. mm. 
for the torsion modulus at 0°, and 3481 at 90°; P. Auerbach gave 0900. F. Auer¬ 
bach, and F. A. iScbulze gave 6970 kgrms. per sq. mm. for the elasticity of qutirtz 
glass when the value, for quartz crystals is 10,020 kgrm.s. per sq. mm. when parallel 
to the prineijial axis, and 8500 when vcrtieill thereto. F. Horton found the torsion 
modulus of quartz-glass at 15" is 3-(K)l x 10" dyne.s per sq. cm., and at 1060°, almost 
zero. F. A. Schulze gave 0238 kgrms. per sq. mm. for the clastic modulus; R. Threl- 
fall, 5180; and C. V. Hoys, 0001). A. Pazziani and ('. E, Guye studied the torsion 
modulus of quartz-glass iilires, and the edects of annealing. According to R.Threl- 
fall, and C. V. Boys, the rigidity of quartz-glass fibres at 22° is 2-8815x10" 
dynes per sq. cm.; Young's modulus, 5-1785x10" dynes per sq. cm,; the bulk 
modulus, 1-435x10" dynes per sq. cm.; and the limit allowable twist is approxi¬ 
mately one-third of a turn per ( in. in a libre 0-01 cm. diani. W. Voigt found the 
COmpressibiUty cneil. of quartz to be 2 - 05 x 10 - 0 . nbout onc-tweutietli of the 
value for water; for quartz glass, the value is 1-925x10“'’. A cm. cube could 
support a weight of 182 kgrms. per sq. mm, parallel to the axis, and ICO k'grnis. 
vertical to the axis, without frdeture. E, Madelmig and R. Fuclis gave 2-60 x lO'^'’ 
(p=~,125 atm.); and L. II. Adams, E. D, Williamson, and J. Johnston gave 
2'31XlO“'’ to 2-7 x 10“4 between 0 and 10,000 inogabars. A. Schidloff and 
M. A. Klotzfouiidl-925x]0“'’forthe4i’ouiprc8sibility of quartz glass ; E. Madelung 
and R. Fuchs gave 2-69 x lO'” (p=125 atm.); and L. H. Adams, E. I), WilUamson, 
and J. Johnston, 3-1 XlO'® from })=() to p-10,000 megabars. S. Ichikawa studied 
the lustre and brittleness of quartz, ‘ 

According to H. Fizeau," the coefficient of thermal expansion of quartz for the 
temp., B, is (771-l-fl-7l2d)10“® if measured vertical to the c-axis, and (1316-2 
-f2-526d)10~*, if measured parallel to the c-axis. H. Kopp gave 0-000039- 
0-000042 for the coelJ. of cubical expansion of quartz. R. Benoit gave for the 
coefl. of linear expansion parallel to the chief axis, O-OjItS, or, at fl°, aX 10®=7110-7 
-|-17-12d; H. Fizeau gave O-OjISI at 40°; K. Scheel, O O 5747 ; and 0. Weigel, 
J)-Oj737 ; and perpendicular to the chief axis. H. Fizeau gave O OiUlO at 40“; 
*B. Benoit, O-O 4 O 37 I at 20°, or, at 9°, axl0'’==13162-7-f25-269. For the length, 
I, of quartz at 9° between room temp, and 100°, when the length at 0° is lo, K. Scheel 
gave f=/„(l-f 7-144xl0-7«9-f0-00815xl0-«92); H. Fizeau, /=lo(l-f7-10xlO-i’9 
-1-0-00886xl0-«92): R. Benoit, f=/o(l-}-7-101xlO-'’9-l-0-U0801xir»92); and 
E. Reimerdes, f=;lo(l-f 6-925 xlO“'’9-1-0-00819 XlO'-'d^l; H. McA. Randall repre¬ 
sented the coeB. of expansion by axl0* -717-0-l-l-6209 up to 260°, and by oXlO* 
=1125-0-l-l-66(9-250)d-0-00566(9- 250)2-|-0-0(KX)134(9-250)3, between 250“ and 
470“. A. Muller gave for quartz parallel to the chief axis, ic'd—fo)/lov 7 0679 
-1-0-00836292 between 0“ and 360“; 3628-fl3-00(9- 360)-fO-01882{9-360)2 
-1-0-0*6721(9-360)3; and from 500“-640“, 5893d-23-07(9-600)-fO-K)31(9-SOO)2. 
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H. Ic Chateliet has measured this constant over a range extending from 270°-1060°, 
and has shown, in his memoir, De Vaclim de la ehieur stir le qmrtz, that with 
quartz there is an abrupt change between 480° and 570°, corresponding with a 
cliange in the index of refraction.. The thermal expansion of quartz in mm. per 
UWwnm., in passing from 270°-1060°, and starting from zero at 0°, is: 

760” 

0-9S 


270" 4S0” 670” 080” 760” 010” 

Parallel to c-axis . . 0’20 O SS 0 93 0'99 0'9S 0’87 

Vertical to c-axis» . . 0-42 O'Sfi P45 1-69 1'59 1-57 


mean expansion 


1-76 1-28 1-39 1-40 


1’34 


1000 ” 

0-89 

1-66 

1-33 


If I represents the expansion in unit length then at 6° below 570°, the expansion 
of quartz perpendicular to the principal axis i.s fxl05.-l-35d f0 000921dt; and 
parallel to the principal axis, lxl05=0-7Ud-f0-00O8,56d2. K. Benoit gave for 
the former case lxl0®=l'316d'f0'(X)12Gd-. and for the latter case, both observers 
obtained the same result. At 570°, there is an abrupt reversible change of wol. 
such that unit length becomes 14)116 perpendicular to the principal axis, and 
1 (K)68 parallel to that axis. Above 570°, there is a contraction such that perpen¬ 
dicular to the chief axis 1-0'0162—0'0(XX)009(d---570), and parallel to that 
axis, ;=0 0102 ~0'0000037(d—570). P, Braesco, A. Muller, and R. Blackiemadc 
observations on the thermal expansion of quartz, etc. P, flraesco found that preci- 



15” 06" 130” 170” 246” 480” 700” OOO” l050” 

Expansion. . 0 016 0'22 042 063 095 008 0-07 005 

The abrupt change, about 130°, according to H. le Ohatelier, or between 115° and 
120°, according tb C. N. Fenner, corresponds with a change from the form, called 
a-tridymite, to the other form, called jSi-tridymitc, which has optically different 
properties. According to C. N. Fenner, at about 162°, there is another trans¬ 
formation of the j8i-tridymite into a third form of tridymite, called f32-tridymite. 
H. le ClJatelier measured the expansion of quartz which had been calcined m a steel 
furnace, at IOW°-1600°, when the sp. gr. had fallen to 2 2, and there were no signs 
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of crystallization in the product; hence he called it h silice amorphe. He fouii([ 
for the expansion in ram. per 100 mm.: 

U’ 270” 670” 6«0" 980” 

Expansion ... 0 0'20 • 0'36 0'41 0*45 

The results are plotted in Fig. 41. For calcined chalcedony, he also found 

• 15" 96" 170” 246” 360” ' 660” 1060" 

SxpanfiioQ . .0 O'OO 0'20 1'23 1*29 j 1*40 1*63 

There is therefore an abrupt change between 170° and 245°, as illustra'ied by Fig. 41, 
Measurements with a dilatonieter gave 210° for the transition temp. E. W. Wash¬ 
burn aud L. Navias found for the cubical expansion, in c.c. per gram per degree, 
of quartz 0*25 X10“* near 575°; —0*049x10“^ near 570°; calcined chalcedony, 
1*4 xlO"** near 220°; calcined flint, 1*4 ±10“^ near 227°; cristobalite, 1*5 ±10^ 
near 244°; and tridyrhite, 0*15 ± lO*^ near 117°. B. Bogitch made some measure¬ 
ments on the expansion of silica at temp, up te 1000°. 

The coeff. of thermal expansion of qrtartz-glass is very small. H. le Chatelier '2 
gave 0 0j07; and L. Holborn and F. Hennig gave 0*00000054 between 0° and 1000°, 
Fig. 41. F. Hennig found a jwcclain rod, one metre long, expanded 4*271 mm. 
when heated from 16° t 0 fl 000 °, whereas a quartz-glass rod, under similar conditions, 
expanded 0*531 mm. K. Schecl found that vitreous quartz between —190° and —46° 
contracts, not expands, and that the contraction is not overtaken at 16°. He 
found that two-metre rods, from two commercial samples of quartz-glass, when 
heated from —]90°-16° wore less than a metre long, for they appeared to have 
cotUradedO'Oil mm. and 0*015 mm, respectively,and when heated from 0°-100°,they 
expanded res])cctively 0*047 mm. and 0050 mm. K, Scheel represents the length 
of a quartz-glass rod at a temp. 0° between 0° and 100° by lo(l-l-0'000000322d 
-l-0*000(J0000147d2), where Iq represents the length of the rod at 0°. P. Chappius 
gave i—-/o(l-|-0*0(j.381741d-|-0'0gll,50d2). S. Valentiner and J. Wallot obtained a 
minimum vol. with silica-glass at —75*4°. Q. E, Merritt also found a contraction 
with rise of temp, from —2(X)° to —70°, and above that an expansion. The following 
coeff. of thermal expansion show the relation of vitreous quartz to crystalline 
quartz, to porc<‘lain, and to glass; 


Quart?. 

ParalM o-axU Vertical r-axiff 

Quart?. 

Riaas 

Ordtoary 

Riaae 

Jena zinc 
borate 

glEUU 

White 

TUrlngPD 

glass 

Berlin 

porcc- 

lain 

0 0*781 00,1419 

0-0,69 

o%m 

0-0,336 

00,938 

0-0,314 


According to G. W. C. Kayo,is the maximum density of quartz glass lies near 
—84°; the sp. gr., at ordinary temp., is near 2*22. When a glass vessel has been 
heated it docs not at'once contract to quite its original volume on cooling back to 
its former'temp., but it suffers a slow contraction—o/tcr (xmtraction, or Nachwirkung. 
This phenomenon is shown by the displacement or depression of the zero after a 
glass thermometer has been heated, and its gradual restoration after standing some 
months; and also by the gradual elevation of the zero of thermometers whose 
scale has been fixed before the glass has had time to season. According to A. Kuhn, 
quartz-glass iloes not show this phenomenon. 

H. de Sinarmont i** measured the isothermal ellipsoids in quartz and, expressing 
the resqlts in mm., found: 


Major axis 

. 9-76 

10-00 

11-60 

12*60 

13*76 

16*00 

18-00 

Minor axis 

. 7-60. 

7-60 

8-60 

9-76 

10*00 

12 00 

14-00 

Ratio 

. 1-30 

1-33 

1-35 

1*28 

1*38 

• 

1*28 

1-29 


Measurements were also made by E. Jannettaz, and W. C. RShtgen; the latter 
showed that the larger the ellipsoidal figure the smaller the ratio of the two axes, 

D. Forbes' measurements of the thenual conductivit; were not satisfactory; 

E. Weber found 0*0168 cal. per cm. per sec. per degree at 0°, and a temp, coeff. of 
—0*0019. The heat conductivity of quartz is greatest along the chief axis. 
A. Tuschsohmidt’s values are 0*0263 unit parallel to the axis, and 0 0160 unit 
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vertical to that axia at 17°. C. H. Leea obtained O'OSO and 0'016 respectively j 
E. Griffiths and G. W. C. Kaye, 0 0244 and 0 0147 respectively; and 0. S. Buckner. 
0 00099 fbr silica bricks. A. S. Herschel and co-workers obtained 0 0024 unit for 
the thermal conductivity of flint, and R. S. Hutton and J. R. Beard, 0 00060 for 
quaikz (Calais) sand. Observations were made by M. Smoluchowsky, A. Eucken, 
anS V. von Lang. According to A. Eucken, quartz-glass at 0° has 7-5 times less 
conductivity thaA the crystals, and at —190°, 55 times less. R. S. Hutton and 
J. R. Beard obtained 0'00051 for the conductivity of fused quartz. P. Gilard 
summarized the literature on the thermal conductivity of silica bricks— vide clays. 
Observations on this subject were made by E. Griffiths, A. T. Green, W. Nussclt, 
S M. Marshall, E. Heyn and co-workers, P. Goerens and J. W. Gilles, B. Dudley, 
Y. Tadokoro, S. Wologdine, G. Dougall and co-vvurkers, R. A. Horning, and 

G. H. Brown. 

F. E. Neumann is gave 018S3 for the specific heat of quartz between 14° qnd 
100°; H. V. Regnault, 0'19132 between 1.3° and 99°; H. Kopp. O’180-0-190 
between 20° and 50°; J. Joly, 0’1881 between 12° and 100°; A, Herschel and 
co-workers, 0’18 for quartz, and for various sandstones, 018-0'28; J. Pionchon, 
01737•f0’0003949-0 0727d3 below 400°, and 0-305 between 400° and 1200°; 
R. Ulrich, 0’1909 between 14° and 98°; R. Weber, 0’17.'’^-i-0’0004fl ; K. Schulz, 
01875 for Mamorian quartz between 20° and 100°, and 01871 for Brazilian quartz 
between 20° and 100°; 0’2086 between" 20° and 250°; and 0’2253 between 20° 
and 410°. A. Bartoli gave 0’191 between 23° and 100°; 0-241 between 28° and 
.312°; 0’.308 between 29° and 417°; and 0-316 between 30° and 530°; and 

H. Sfierlin, 0’20,30 between 20° and 138°, and 0’2472 between 20° and 609°. 
A. Magnus, K. Borncmann and 0. Hengstenberg, and A. Dannholm made observa¬ 
tions on the sp. ht, of quartz and amorphous silica. W. P. White found for the 
atomic heat (i.e. sp. ht. X mol. wt. divided by the number of atoms in molecule) 
between 0° and 

100” 300” 600" 700” 900” 1100” 1300" 1400” 

Quartz . . , 3’75.5 4’369 4’784 D’112 6’217 6308 — — 

Quartz glass . 3’708 4’272 4-627 4-870 6 049 _ — 

Cristobjlito . 3’784 4’689 4’876 5043 6 163 6’276 6’361 6’388 

Tbe sp. ht. between 0° and 5(X)° for quartz* is represenled by 0’1685 
+0’0(X)194fl—O’Ojllfl^, and for quartz glass, U’lG70-f0’(K)0189fl—0’0ol25fl-. For 
the at. ht. (sp. ht. X 20’1) at the given temp., W. P. White^ave : 



0* 

100® 

300® 

60^® 

700® 

900® 1100® 

1300® 

Quartz . 

337 

410 

510 

6 90 

6-4tf 

6-66 — 

— 

Quartz glass . 

333 

4-05 

4 95 

6*36 

6-68 

6-76 


Cristobalite 

— 

— 

k 

— 

6-66 

mi 6-77 

a 8-86 

I. litaka found for the sp. ht. of silica-glass 






135* 

180® 

384® 

400® 

493® 

573* 

706® 


Sp. ht. . . 0-197 0-199 0-220 0-224 0’230 0’247 0 258 


R. Wietzel measured the mean sp. ht. between 0° and fl°; and his data are indicated 
in Table Ill. At high and low temp., quartz glass has the greatest sp. lit., as it 
should have, being the modification stable at the higher temp., but over a wide 
range it has a lower sp. ht. than quartz and cristobalitc, and below 575°, cristobalite , 
has a lower sp. ht. than quartz. The sp. ht. of quartz before the transfamation 
at 575° was 0’2480°, and after the transformation, 0’2527. The at. ht. are indi¬ 
cated in Pig. 42. F. Simon gave for the mol. ht. of quartz glass at 18-9° K. 
0107, and at 287-6° K., 3-454; for cristobalite at 28’6°K.,0’208, and at 116’6°K„ 
1'560; and A. ?errier and H. Roiu, 0’307-<)-312 between 428 46° and 610’07°; 
0-321-0-337 between 510 07° and 571 00°; and 0’289-O’293 between 581 13° and 
651’90°. For the difference in the at. ht. at constant press, and constant] vol. 
oalcuiat*d from the expansion, W. P. White gave for quartz; 

100” 800” 600" 650 

(C,-C,)^20’l . . 0-0463 0-1313 0-862 3’832 
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Tabis UI—Mbas Srecmo Beats or Silica 
(in gmm-cals. between 0° and t). 



Quartz g/sss. 

CrittobaUte. | 

Quartz. 

Chalcedonr. 

100 “ 

0-1860 

0-1866 

0-1860 

0-1966 4 

200 “ 

0-2006 

0-2126 

0-2031 1 

0 -211S 

226° 


0-2196 

- , 

— 

260“ 

0-2088 

0-2288 

0-2111 

0-2170 

400° 

0-2229 

0-2417 

0-2288 

' 0-2326 

666 “ 

— 


0-2470 

— 

676“ 

0-2366 

0-2607 

0-2480 

0-2610 

000 “ 

0-2386 

0-2921 

0-2630 

0-2623 

800“ 

0-2606 

0-2801 

0-2686 

0-2690 

1000 “ 

0-2684 

0*2666 

0-2630 

0-2633 

1200 ° 

0-2821 

0-2702 

0-2661 

0-2695 

1400“ 

0-2691 

0-2737 , 

0-2690 

— 

1600' 

0-2777 

0-2763 

0-2710 


1700“ 

0-2810 

0-2770 

0-2720 

-- 


K, Wietzel calculated tke free energy of the dilferout phases of silica. The sp. ht. 
of chalcedony increases more with rise of temp, than does quartz. P. Laschtschenko 
found the sp. ht. of quartz, at the given tfemp., to be : 


200" 300* 405" 650" COO" 700° 800° 89r 

Sp.ht. . . 0-2260 0-2266 0-2300 0-2360 0-2400 0 2479 0-2471 0'2476 

and that of chalcedony at 139° to be 1)1930; at 203°, 0-1961; at 227°, 0-2039 i 



Fio. 42.—Tho Atomic Heats of Quartz, 
Cristobalito, and Quartz Glass 


at 330°, 0-2500; at 105°, 0-2520; at 
500°, 0-2515; and at 580°, 0-2500. 
There is thus an abrupt change between 
227° and 230° with chalcedony; and 
with quartz one between 580° and 600°. 
K. Schulz gave 0-2054 for the sp. ht. 
of quartz-glass from BraziUan quartz 
between 20° and 100°; 0'2054 between 
20° and 250°; and 0-2204 between 20° 
and 410°. F. Koref gave 0-0882 for 
tho sp. ht. of quartz-glass between 
-193-1° and -79-2°, and 0-1471 
between —76-3° and 0°; W. Nemst 
gave tor the mol. ht. of quartz glass 
0-637 at -246-75°; 0-644 at -243-6°; 
0-844 at -237-8°; 1-33 at -230-4°; 
and 314 at —189°; H. Stierlin, for 
quartz-glass between 18' to 27° and B °: 


« . , 77° 90° 218° 314° 411° 612° 704° 900° 

Sp. ht. . . 0-16283 0-19084 0-20601 0-21418 0-22388 0 23213 0-24243 0-26043 

or 0-167851-t-0-0s352674d-0-08407447fl2~l-00al73196«3. C. Dieterici gave 0-16791 
-f0-0003509-0-0,3075d2 at 9° between 100° and 300°; and for the sp. ht. 
between 18° and 9°, 01676-40 000169 for temp, up to 100°, and 0-16791 
-1-0-00017509— 0 - 0,102592 for temp, between 100° and 9° up to ^°. Measure¬ 
ments between 0° and 320° were made by J. Heinrichs. Observations on commercial 
siliea, bricks were made by E. Heyn and co-workers, Y. Tadokoro, W. Steger, and 
L. Bradshaw and W. Emery. G. Tammann and H. Oickmann found that, at 
105°, superimposed mercury begins to pnetrate powdered quartz. 

In 1766, J. P. J. d'Arcet 22 melted quartz sand and silica at the highest temp, 
of a wind hirnaoe. About 1802, R. Hate melted quartz in the fisiuie of the oiy- 
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liydrogeu blowpipe, and A. Maroet, J. Mantell, F. Stromeyer, and E. D. Clarke found 
that all the different varieties of silica can be fused in the flame of a spirit-lamp fed 
with oxygen gas, or in the oxyhydrogen blowpipe flame. H. Davy fused 
It electrically. A. Gaudin showed that fused silica can be drawn out into long 
threads like molten glass—vide infra quartz glass. According to R. Cusack, quartz 
he^liis to soften at 1406°, and its melting point is 1425°. A. Lanipon said that 
the edges of a pic<^ of quartz are rounded at 1650°, and it fuses at 1700°. A. Brut! 
gave 1780° for theV.p.; W. C. Roberts-Austen, 1775° ; W. Hempel, 1685°; and 
0. BoudouardJ 1830°. A. L. Day and E. S. Shepherd, and R. B. Sosman gave 
1625“ for the m.p. of quartz, but it is not clear to which form this constant refers. 
A. Wietzol found the m.p. of quartz without conversion to cristobalite, to be between 
16IX)°-I670°. A. Dtifour said that before melting, silica becomes viscid; and 
G. Stein, that at 1600° silica is very viscid, but it becomes much less viscid at 1750°. 

l, . Baraduc-Muller said that silica is not deformed at 1650°, but it begins to soften 
between 1702° and 1706°. These •determinations are extraordinarily divergent. 
The equilibrium condition of all the different forms of crystalline silica, between 
1170° and the m.p., is jS-cristobalite. Hence, the m.p. of quartz cannot be obtained 
if the temp, be raised slowly enough to allow these different transformations to be 
completed, under these conditions, the observed m.p. must really be that of p- 
cristobalite; and generally, the observed m.p. of quartz must depend on the rate at 
which quartz is converted into its various" transition forms, which, in turn, depends 
on the rate of heating, and the nature of what might bo called impurities which 
act as mineralizing agents. The heating curve of vitreous silica or silica glass 
shows none of these ehauge.s, and it begins to lose its form about 1625°. If, however, 
this substance were kept long enough in any particular region of temp, it would 
jirobably pass into the form stable at that temp. 0. N. Fenner gave 1470° for the 

m. p. of quartz ; and 1625° for the m.p. of cristobalite. K. Endell and R. Hieke 
gave 1685°+ 10° for tlie m.p. of cristobalite ; N. b. Bowen confirmed this value ; 
.\. Wietzel obtained 1696°; and H. le Chatelier, 1780°. 0. Ruff and B. Schmidt 
said silica melts as a-cristobalite at 1696° ±10°. C. N. Fenner said that H. Ic 
(hatelier’s value must be high because cristobalite r'an be fused to a glass in a 
[datmuin crucible, whereas the m.p. of platinum is 1755°. J. B, Ferguson and 
II. Fj.Merwin gave 1670°+ 10° for the m.p. of cristobalite and 1710 +10 for the 
m.p. of tridymite. P. D. Quensel gave 15.50° for the ip.p. of tridymito; and 

Doelter, 1575° -1580°. 

C. N. Fenner’s values for the transition temperatures of the different forms of 
silica are indicated in Fig. 26. For a-quartz+^jS-quartz, H. le Chatelier gave 575 ; 
F. E. Wright and K. S. Darsen, 575° ; R. von Sahmen, 5(X)'+5.50° ; and G.,Stein, 
552°. C. N. Fenner found the transition point rises 0-01° per atm. rise of press, 
F’or the transformation j8-quartz—jSg-tridymite, C. N, Fenner gave 870 ; and 
A. L. Day, 800°. C. N. Fenner estimated that this transition point rises 0'10537 
per atm. rise of press. For the transformation ^-tridymite—^j-tridymite, 
E. Mallard gave 130°; H. Steinraetz, 115°; F. E. Wright, 120°; and C. N. Fenner, 
115°-120°. For the transformation ^i-tridymiteis/Sa-tridymite, C. N. Fenner 
gave 163°. For the transformation o-cristobalitetip-cristobalitc, E. Mallard gave 
175°; F. B. Wright, 225°; C. N. Fenner, 240°-274° ; and K. Endell, 230°. For 
the transformation jSg-tridymite—j3-cristobalite, C. N. Fenner, anil N.^L, Jlowen 
gave 1470°, the transition temp, with chalcedony is between 170° and 245 , according 
to H. le Chatelier, and 173°, according to G. Stein. The relation between the m.p. 
and the transition lemp. was studied by R. Lorenz and W. Herz. 

The latent heats of the transformations are somewhat imcertain; and the 
estimates which have been made are the result of indirect computations. 
J..A. Cunningham ” calculated the latent heat of hmon of quartz to be 135 cak 
per gram,; and J. H. L. Vogt, 135 cals. E. W. Washburn calculated 6'8 Cals, 
per mol. for the latent heat of fusion of cristobalite. From D. Tschernobaeff s 
data for the heats of the reactions SiOj MmS-fNajCOs—NagSiOa-fCOs—SO*! 
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Calfl., and 10SiO24-Na2CO8=(9SiO2,Na2SiOg)giMs+CO2 —96 Cals., M. W. Travers 
obtained “7 3 Cals., and R. C. Ray, 6*95 Cals., for the heat of transformation 
Si02wyf)t.“^Si02gjas8; at 900^ R, C. Ray’s value is 6*50 Cals., and at the m.p. nearly 
the same as at ordinary temp. C. N. Fenner obtained for the latent heat of 
transformation o-quartz-^^-quartz, 4'0 +I'O cals. W. P. White gave 4’3»!^I'0 
cals, li. WiefzeJ obtained 2'20-2*35 Cals., and 0. MiiJert 2'21 Cals., for the Beat 
bf crystallization of quartz and chalcedony; and —0*06 for tl/e heat of crystal¬ 
lization of cristobalite. ^ 

In 1806, L. N. Vauquelin,*® and in 1814, J. MacCuliogh, repofted that silica 
could be volatilized, while in 1840, J. Jeffreys claimed to have volatilized 100 kgrms. 
of silica by leading steam into a pottery oven at a temp, higher than the m.p. of cast- 
iron, but it is not clear if the white dust which was collected had not been carried 
aIong.mechanically in the current of flue-gas. H. Moissan boiled silica in an electric 
arg-furnace and obtained a bluish-white vapour which condensed in spherical 
globules partly amorphous and partly crystalline. According to C. Stein, quartz 
begins to sublime just over its m.p., approximately 1600^. The sublimate is partly 
vitreous, partly flocculent silica, and partly tridyinite crystals. The volatilization 
has been noticed at even lower temp, by E, Cramer, P. SchUtzenberger, E, Hirsch, 
L. Baraduc-Muller, etc* According to A. L. Day and E. S. Shepherd, silica-glass 
vaporizes copiously at the m.p. of platinum, 1755“. W. R. Mott gave 3500° for 
the boiling point of silica at 760 mm. 0. Ruff and co-workers found silica distils 
rapidly at 2(KX)“ and 15 mm. press.; the vap. press, of silica was also found to be : 

1800 * leoo* imo* 2000 * 2055 * zoso® 

Vap. proas. . 16 10 26 30(> 477 761 

H. von Wartenberg has shown that a reducing gas is always present at these high 
temp.—free hydrogen, or hydrogen derived from carbon and steam—which reduces 
the silica locally, and the resulting silicon vap. burns to silica in the cooler parts 
of the furnace. Silicates behave in an analogous way, for the silica in them is 
also reduced by hydrogen almost, but not quite, as readily as free silica. The 
reduction of silica explains how platinum sometimes forms platinum silicide 
when it is heated in a reducing atm.—not in contact with the silica—presumably 
owing to tho formation of (silicon vap. or silicon hydride which attacks the 
platinum. Silica is also reduced by carbon, and by carbon monoxide, and a similar 
phenomenon then take*place. F. Kehrmaim and B. Flunscheim refer to a loss of 
silica by evaporating an aq. sola, of an alkali silicate mixed with an excess of Ijydro- 
chloric acid, but 0. Froidheim and AM*inagel show that the alleged loss by volatiliza¬ 
tion was probably incurred during filtration, not evaporation. 

Crystals of quaitz are uniaxial and optically positive. Quartz is doubly 
retracting in a direction vertical to the chief axis, and singly refracting in directions 
parallel to that axis; a plate cut at riglit angles to tho chief axis is singly refracting 
at ordinary temp., but is doubly refracting between 560° and 580°. Tho 
refractive index of quartz is nearly the same, but rather higher than that of Canada 
balsam. Tho refractive index of tho ordinary ray for sodium light is to=l'54418, 
and for tho extraordinary ray, €--l'55328, showing that the double refraction 
€—a>--0*00yislow. The value of to forsmoky quartz is 154388, and €=^1'55317. 
C. N. Fenner found that artificial crystals, obtained by heating powdered quartz 
with sodium tunj^tate for nearly a day below 865°, had the values a»—1*544, 
€=1*553. E. Mallard gave 1*4775 for the index of refraction of tridymite with 
Na-light. P. Gaubert gave approximately 1*486 for the index of refraction o£ 
cristobalite for Na-light. Table IV summarizes some of ^he pltysical properties 
of tho different forms of silica. The index of refraction is the most useful means 
of distinguishing these three crystallino forms of silica. 

Ae<Mrdina to C, N. Fenner, the most easily determinable distinctive difference between 
fndymds end is tliat between their indices of refraction. When tridymite u im- 

inereed in a liquid of refractive index 1*476, teste by the half-shade method or by the Beoke- 
line method show that the index of tho materied is so nearly matched that the difference 
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Table IV.— Some Physical PaopERwas op the Dippebeni Forms of Native 
Silica. 


Property. 

Quartz. 

Tridymite. 

Cristobalite. 

Chalcedony. 

Opal. 

• 

Crystal system . 

Hexagonal 

Hexagonal 

Tetragonal 

Rhombic 

Amorphous 


f: c»l: I'lOO 

a : cs=l: 1'6530 

—. 


— 

Hardness • 

\ 7-0 

7-0 

60-7-0 

7-0 

8 -6-6'6 

Sp. gr. . 

• 2-66 

2-28 

2-348 

2-6 

2-1 

22-8 

26-3 

26-7 

23-23 

— 

Refractive index 

1-549 

1-477S 

1-486 

1-537 

1-437-56 

Double refraction 

-fO-OOO 

-40 0021 

000063 

-- 

— 


la scarcely appreciable. A similar test may be U80<1 for cristobalite, using a liquid of 
refractive index 1 •485. When both are present, a liquid of refractive index 1 ‘480 will serve 
to show the proportions. In making up immersion liquids for use in this manner, a sdln. 
of potassium-mercury iodide, which i# sometimes recommended, is not at ail suitable, 
becauTO of the change in refractive index whiclf is likely to occur while it is being used. 
It is much better to make use of mixtures of albolene, the index of which ranges from 
1'477 to 1'485, with kerosene (n=l'460) or with a-monobromonaphtholene (rt«il-658). 
Allwlone is a petroleum product; and the so-called Russian oil, American oil, etc., 
are virtually the same. Other distinctive differences between*Irwfymite and crUlobalile 
are that tridymitc frequently assumes a lalh-like development, end the extinction is 
then strictly parallel to the elongation. •Wedge-shaped twins are common. With 
cristobalite, the grains are frequently elongated (perhaps an inherited property), but 
extinction may occur at various angles. A quite noticeable characteristic of cristobalite 
IB the polysynthetic twinning, which gives several narrow stripes, as in plagiocJase felspar, 
or the twinning may resemble the plaid effect of tnicrocline. A method of discrimination 
between tridymite and cristobalite of great value, depends upon the different temp, of the 
ajS-inversions. This, however, requires the use of special apparatus. 


The index of refraction of quartz has been the subject of numerous investigations. 
Meaauremcnts were made by i’. Budberg,“ V. S. M. van der Willigen, E. Esselbach, 
E. Mascart, E. Sarasin, L. Mouton, C. Viola, W. Kohlraiisch, G. Quincke, E. Abbe, 
W. Hallock, C. I’ulfrich, J. Danker, K. Zimanyl, 0. Soret, A. Mulheims, H. Dufet, 
E. F. ^artens, H. C. Sorby, H. Rubens, E. F, Nichols, E. Wulfing, etc. The 
index of refractioftof quartz increases as the wave-length of the bght used decreases. 
Thus J. W. Gifford found; 


Wave-length {y-ii) . 
Index of refraction 


670 (Li) 
1-45607 


643-8 (Cd) 
1-46677 


640-1 (Hg) 
1-46015 


• 480-0 (Cd) 404-6 (Hg) 
1*46357 1 ■46967 


L. Mouton, H. Rubens, E. F. Nichols, and E. Carvallo made observations in the 
ultra-red ; and E. Sarasin, 0. H. Simon and H. Trommsdorff, E. F. Martens, and 
J. W. Gifford in the ultra-violet. E. W. Washburn and L. Navias found the’ index 
of refraction of raw chalcedony to be between 1’533 and 1'538; raw flint, 
1’533-1'539; quartz, l'544-f'653; calcined chalcedony, 1-456-1 470; calcined 
flint, 1-438; cristobalite, 1-484: tridymite, , 

1-475; and silica-glass, 1-457-1-460. The 
effect of temp, has been studied by H. Fizeau, ' 

H. Dufet, F. Schlagdenhauffen, G. Muller, I'SSOO - 
C. Pulfrich, E. Reimerdes, J. 0. Reed, hSfSO - 
F. J. Micheli, etc. The index of refraction hSfOO - 
increases as the temp, rises; thus, J.W. Gifford /.sjso ■ 
found that a> at 18'9“ i8T5441638,andat 25-3’*, hSSOO^ ■ 

1-5441013. H. Dufet gave —(ie/ii0=O-O57223 
-f0-0837d and ^dwjM^QOifim+O-Of^. 

E. Mallard and H. le Chatelier noticed an*-™,;4*-, 
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al^rupt change in this constant at about 570 . ygjjt). 

F. Rinne and R. Kolb’s results with sodium 

light are fllustrated by the curves. Fig. 43. According to A. N. Winchell, hexagonal 
crystals, exemfjified by the isotropic quartz from Iron River, Michigan, may be 
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isotropic, anti the mineral furnishes X-radiograms lihe those of anisotropic quarts. 
In 18 . 30 , D, Hrewster showed that quartz-glass is not doubly refracting. The index 
o! refraction of quartz-gkss has been measured by C. H. Simon and H. Tronunsdorff, 
If, Pufet, E. V. Martens, M. Herschkowitsch, J, W. Gifiord and W. A. Shenstone, 
and F. A. Schake. J. IV'. Gifford found for light of wave-length A, the refractive 
index of quartz-glass is; f 

"i ... 6WS 546 1 508-6 Is/'O 404-6^^ 

Index. . . . 1-4660717 1-4601545 1-4619030 l-t087412 1-4690763 


C. fiiawafseh 
and found: 


• < 


studied the effect of colouring pigments on the refractive index 


Colourim 

(fUurU 

J-55305 


Hiiioky 
(luartz 
1-64388 
1 66317 


Soiolcy quartz 


Uiflit place Dark place Calciued 

1-6441)3 1-64387 1-64430 

155290 1-65289 1-65344 


The double refraction of (juartz is small. The dispersion of the double refraction 
(0 has been deUu-Juined by M. do Lepiuay, F. Paschen, L. Mouton, E. Ketteler, 
J. W. Oifford, J. 0. Keed, G. Abati, E. F, Martens, E. Aschkinaas, P. J. Michali, 
0. 0. Knott, C. Pulfrieh, etc. F. E. Wright and E. S. Jsarsen’s data for the double 
refraction € co at different temp, arc : 


Ui" 100’ 220* • s:):)* 570* :>«o* looo* 

e-w . . 0-00910 0-00902 0-00882 0 00811 0-00797 0-007(>0 000787 


The refraction index of tridyinite is J-477, and the double refraction is feeble 
and positive.-i In 1884, A. Merian noticed that when biaxial tridymite is warmed, 
it becomes uniaxial, and on cooling, the crystals again become biaxial. The mean 
refractive index of cristobalite for yellow light is 1-49. For artificial tridymite, 
prepared by heating ]>owdered silica with sodium tungstate lor about a day at about 
875®, i\ N. Fenner found for the refractive index parallel to the a- and jS-axis 
1-4G9, and for the y-axis 1-173 (23°). Similarly, for cristobalite 0. N. Fenner 
obtained for sodium light (at 23°) y -1*487, a-1-484 for artificial crystals prejiarod 
in a similar way, but at a temp, of 1475° instead of 875°. According to P. Qaubert, 
the double refraction of cristobalite is 0-()()053 and negative. Oci heating to about 
230°, there is an abrupt change from the doubly refracting into the isotropic crystal¬ 
line variety, called ^-oriatobahte to distinguish it from normal or o-cristobalito. 
Fused quartz is not doubly refraivting. A. Ehringlmus and H. Kosc compared the dis¬ 
persion and double refraction of siliAm, titanium, and tin dioxides with the mol. wt. 

In IH12, J. B. Biot -- found that crystals of (quartz have the remarkable property 
of rotating the [daiie of polarization of liglj,t, transmitted in the direction of the 
principal axis, in sue.li a way that in some crystals the ray is deflected to the right, 
and in others to the left. The former is conventionally called r^Ai-/mnded juarte, 
the latter left-handed quartz. J. B. Biot’s convention as to the right- and left- 
handedness of quartz is now in fairly general use, although some confusion formerly 
prevailed, because J. Horschel reversed the convention proposed by J. B. Biot. 
J. Pereira said: 


If, on turning the analyzing pritun or tourmaline front, left to right, the colours descend 
in Newton’s^scale, that is, succeed each other in this order— red, orange, yellow, green, blue, 
indigo, and violet - «1. B. Biot dosignatos the |)olarization as right-handed, or or ; whereas 
if they dost'cmd in the scale by turning the analyzer/rom right to left, he terms it left-handed, 
or —, or'tv. Sir John Herschel, oa the other hand, supposes the observer to look in the 
direction of the ray's motion. Let the reader take a common corkserew, and holding it 
with die towardt him, let him use it in the usual manner, as if to penetrate a oork. The 
head will then turn the same way with the plane of polarization as a ray in its progr^ 
from the spi^ctator through a rigk-handed crystal may bo conceived to do. if the thread 
of the corkscrew were reversed, or what is termed a left-handed thread, then the motion of 
the head, as the instrument advanced, would represent that of the plane of pSlarication 
in a left-handed specimen of rock crystal. 
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,1 Hersckel, and D. Brewster pointed out that the optical rotation discovered by 
.1. B. Biot is related with the structure of the crystals. As in the case of tartaric 
the crystals are enantiomorphic as illustrated in Kg. 40. The rotating power 
i.< also proportional to the thickness of the plate. Observations have been made by 
0 . ffcch, V. von Lang, P. Desains, R. Dougicr, etc. Lord Rayleigh studied the 
.'ITeot of the earth’s motion on the circular polarization of quartz. For sodium light, 
,) Stefan found thl angle of rotation of a plate one mm. thick to be 21-67°, and the* 
angle increases witli a rise of temp, from 21-599° at —20° to 25-259° at 840°. The 
ellect of low teVnp. has been studied by C. Soret and C. E. Gtiye, J. L. Soi-et and 
K. Sarasin, etc. M. G. Levi found that a quartz plate bad 8=99-25° at 12°, and 
8=102° at —180°. The effect of temp, has been 
studied by V. von Lang, L. Sohneke, D. Gernez, 

H. Dufet, J. Joubert, etc. According to E. Gum- 
lich, the optical-rotatory power, 8, at the temp, d 
between 0° and 100° lor rays t/f all colours, 
i.s 8=8o(l-t-0-0(X»131d+0-000000195d2), wiicre 8o 
denotes the angle of rotation at 0°. F. Burki gave 
8 =7-1505A-2e00i86«-’; and P. Drude, 8=12-200(A2 
-Aq^)-!— 5-046A~2. The shorter the wave-length 
of the light, the peatcr the rotation of the light, so 
that the angle is smaller for red than for yellow, 
and so on. Thus, with a plate one mm. thick, 

H. le Chatelier obtained the results indicated in 
Table V, and Pig. 44. Fused quartz does not 
e.'chibit the phenomenon of circular polarization. P. Zeeman and A. Snethlage 
mea.sured the Pizeau effect with quartz. 



h'lo. 


Temperature 

44.'-Effoct of Tomporaturo 
the Circular Polarization of 
Light by Quartz. 


Table V.—OPTieAt. Kotation of Quartz at Different Temperatures with 
Lioht of Different W.cme-lenotk. 

* Optical rotation with iight of^o-nvo-iengti). 


Tcinp. 


*■ 

! 656 

r>8D 

518 

500 

448 

270 


Kcd. 

Vollow. 

flrecn. 

Orcen. 

nine. 

« 

UltrH-vlolot. 

20® 

1 17-26° i 

21-72° 

2862° 

1 30-78® 

39 24° 

114*6® 

280® 

I 18*06® 

22-68° i 

29*82° 

32-16° 

4080® 

— 

415® 

18'60® : 

23*40® 

30 60° 

32-90® 

42*00® 

, 127® (476®) 

660° 

! 19-38® f 

24*30® 

.32*04° 

34 56° 

44*10° 


600° 

20*10® ; 

25-26® 

33*18® 

35-7C® 

46*60® 

131° (660®) 

000® 

— ; 

25*82° 

33 24® 

3600® 

46-84° 

132® 


A. Fresnel,V. von Lang, R. Dongier, A. Gornii, E. Brodhiin and 0. Shron- 
rock, R. Brunhes, etc., have discussed the theory of the subject. The production 
of Airy's spirals when two equally thick plates right- and left-handed arq super- 
(losed and examined in convergent monochromatic polarized light was described 
by G. B. Airy,^ J. C. Jamin, B. Hccht, R. Straubel, F. Beaulard, A., Gouy, * 
G. Quesneville, K. Schmidt, R. Ritter, etc. The optical anomaly of Quartz was 
investigated by Lord Rayleigh, D. Brewster,26 H. W. Dove, G. Jenzsch, 

A. Breithaupt, E. Reusch, H. Boklen, G. Wyrouboff, R. Brauns, E. Schumacher, 

K. A. Lessen, E. Stecher, 0. A. MacMahon, etc. Uniaxial quartz crystals become 
biaxial when press, is applied at right angles to the optical axis. The effect of 
ptessure on the optical properties of quartz crystals was observed by D. Brewster, 

A. -Moignp, F. Pfaff, H. Bucking, M. Sidorenko, E. Mach and J. Merten, F. Pockels. 

F. Beaulard, H. Monnory, and P. Dongier; the effect of heat, by W. Klein, and 
P. P. Koch; aad the effect of an dectrostatic feld, by A. Kundt, W. C. Rdntgen, 
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P. Tscberraak, and F. Pockek Uniaxial quartz crystals in tie electric field 
change in a way analogous to that observed with compression. 

In the moffneticfield there is a simple rotation of the plane of polarization parallel 
totheaxis.^^ The magnetic-optic rotation of quartz, that is, the rotation of a beam 
of polarized light in a magnetic field, expressed in the terms of E. Verdet’s COlfi^t 
at 20°, decreases from 0'1587 for light of wave-length A=0'221Mp to 0’1079 when 
X=0’02573/i; to 0 04617 for A=^0'3609/t; to 0-2760 for A=0-/678p; to 0-02574 
for A=0-4800p; to 0 02257 for A=0-5086p; to 0-01664 for A=0-5892p; and to 
0 01368 for light of wave-length 0-6439p when measured along the c-axis. For 
variations of wave-length from A=0-467;t to 0-644p, and a temp, between 20° and 
96°, E. Verdet’s constant is 1-f-O-OOOll (6—20) times the value of the constant at 
20°. Vaincs were obtained by J. Disch, A. Borel, and T. M. Lowry. 

Light passing through a crystal is continuously absorbed as the distance traversed 
b)» the light increases. With white light, the different colours arc often absorbed 
at different rates, and the colour of the crystal iS due to a combination of the remain¬ 
ing colours. The two rays of a doubly refracting crystal may be absorbed differently 
so that the colour of the crystal appears different according to the direction in which 
the light is transmitted. This property is called dichroism when two colours are 
involved, and the genefal term used is pleochroism. In a polarizing microscope, 
with the analyzer out, the cohiur varies as the crystal is turned. An instrument 
called the dichroscope. is designed to show the colour of the two rays of the 
crystal side by side. D. Brewster,and A. Beer showed that amethyst exhibited 
pleochroism in that the ordinary ray appears pale reddish-violet, and the extra¬ 
ordinary ray, dark bluisli-violet; W. Haidingcr, that the ordinary ray is more 
strongly absorbed than the extraordinary ray with cry.stal3 from Brazil, Siberia, 
and from Schemnitz; and H. Baumhauer showed that this applies also with colour¬ 
less quartz. J. Moreau, C. Ehlers, and P. ites measured the different absorbing 
power of quartz for the ordinary and extraordinary rays. E. G. Merritt, and 
J. Konigsborger measured the effect with ultra-red rays; and J. Konigsberger, and 

V. von Agafanofi, the effect with ultra-violet rays. 

Quartz is almost transparent to the ultra-violet rays, and, according to C. pocltcr, 
quartz glass is rather more aljsorbent than the crystals. The trjnsparency lor the 
extraordinary ray is rather larger than for the ordinary ray, and the smaller 
the wave-length the greeter the absorption. Thus, J. Kdnigsberger found for the 
transparency of a sample of smoky quartz, expressed as a percentage value of the 
transparency of fluorspar: ‘ 

Weve-length.10 If. 21 2-S 30 3-6 4-0(i 

Ordinary ray . .90 86 89 88 81 80 46 

Extraordinary ray . .93 92 92 91 90 80 46 

E. T. Wherry,-* and E. F. Holden measured the absorption spectrum of rose- 
quartz. The latter found rose-quartz to be pleochroic. W. R. Ham and co-workers, 
and 6. Joos studied the ultra-violet absorption spectrum of quartz; and W'. Jevons, 
the baqd spectrum. The transparency of quartz glass for ultra-violet light was 
studied by H. Tronimsdorff, A. Bfliiger, H. Kriess, R. Schachenraeister, 8. B. Nichol¬ 
son a^ E. Fettitt, and C. Schaefer and M. Schubert, J. Kdnigsberger and 

W. J. Muller, H. Bnisson, etc. V. Schumann measured the effect in terms of the 
time, in seconds, required to affect photographic plates to the same extent. 

Wave-length . ' . 361 276 231 * C114 199gu 

Tima iQuertxglass . 20 20 20 20 180 

lAir . . . . 18-19 16-17 12-13 11-12 1-2 

According to W. W. Coblentz, the transmission spectrum of a plate of clqar quartz 
out perpendicular to the principal axis and 012 mm. thick shows small bands at 
2‘9/i and 4-38/u, Fig. 46. J. Konigsberger with smoky quartz obtained bands at 
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3 05ji and 4'05/i ; and E. G. Merritt, with polarized light, obtained bands at 3 0u 
and 3-6/i for the extraordinary ray and 2-9jn, 3-75|t, and 4'1/i for the ordinary ray 
With amethyst, J. Konigsberger obtained a band at 3'1/t. E. F. Nichols, and 
C. V. Kaman made some observations on this subject. 

ly. W. Coblentz measured the reflection spectra of quartz and quartz glass, and 
foikid the one to be entirely different from the other. Fig. 46. The maxima in 




Fig. 45 —Transmission Spectra of Fio. 40.—Eeflection Spectra of 

Quartz, and of Opal. Quartz, and Quartz Glass. 

the reflection spectra of crystalline quartz occurs at S ifi and 9 02/i ; and with 
amorphous quartz, at 7'8p, S’ifi, and 8'8/i. The intensity of the maxima of the 
bands of quartz glass is not so great as those of crystalline quartz, nor does the 
reflecting power in the region of the spectrum just preceding a reflection band, fall 
to so low a value as in crystalline quartz. If. Rosenthal made observations on 
this sifbject, and measurements of the reflection spectrum in the ultra-violet were 
made by 0. RciiAober. E. P. Lewis and A. C. Hardy'found the reflectiyc power of 
quartz, for radiations below A~1860, to be 9 to 10 (rock salt, 8 to 9). W. W. Cob¬ 
lentz found the reflecting power for light of wave-length A-~0'95/i to be 81 per 
cent.; for A=4'4p, 41'5 per cent.; for A==8'8p, 7’^13'4 per cent.; and for 
A=24/i, 9 0 per cent. C. Schaefer and M. Schubert showed that quartz, chrysoprasc, 
hoenstein, and chalcedony have the same quantitative reflecting power, and the 
maximum at about 9/i exhibits 90 ppr cent, of the metallic "reflection. With opal 
and quartz glass, the reflection maximum is in the same proportion as with the 
other varieties of silica, but the reflecting power is 40-50 per cent. lees. This is 
attributed to a distortion of the space-lattice in the amorphous varieties of silica. 
It is remarkable that the water maximum, which lies at 3'2p, is not observed in 
the case of opal, and it is hence assumed that water is not arranged in the space- 
lattice of opal. H. E. Ives and co-workers studied the emissivity and illuminatuig 
power of mantles made of silica and heated in the bunsen-flame. H. Rifbens and 
E. Aschkinass measured the transparency of quartz for the so-called ReslraUm. ■ 
0. F. Kunz,^* E. F. Holden, and A. Lacroix noted that exposure t<) light lessens 
the intensity of the colour of rose-quartz. P. Villard found that colourless quartz 
is darkened by exposure to cathode rayi. J. Ewles found the minimum voltage 
for the excitation of ue blue catbodoluminescence of silica to be 750 ; E. L. Nichols 
and D. T. Wilbur also studied this subject. C. Doelter investigated the action of 
iiltra-violet rays on the colour of quartz. J. 0. Perrine observed no signs of the 
excitation of fluorescence by the X>ra]rs. According to C. Doelter, quartz is semi- 
opaquC*to the X-rays, and its transparency lies between tliat of corundum and that 
of calcito. Q. T. Beilby, C. J. Salomonsen and Q. Dreyer, N. Qeorgiewsky, and 
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others found that rnlourloss rook crystals are coloured broTO by radium and X rayB 
and tlic colmir is renioved by exposure to ultra-violet rays or by heatnw 
2ro“. ('. Docitcr and 11. Sirk found that the coloration is mainly produced by^the 
y rays, and also by the j3-rays. Observations were also made by N. EgoroJ 
f .'. Doobrr and H, .Sirk, etc, Jf, Berthelot found that some specimens of qairfe 
ivore decolorized by radium radiations, and he therefore attributed the positive 
Mi,slanfe,s of decoloration to the presence of an impurity. N. ffgowS, 0. Hooig- 
schmkl, and C. J. .Salomonscn and 6. Dreyer found that colourl/ss quartz becomes 
pleochroic by the action of radium rays. Rose-quartz, amethyst, oairngorm, and 
citrine all become colourles.s when heated—according to E. Newbery and H. Lupton, 
rose-quartz require.s a red lieat; amethyst requires strongly heating directly in the 
hlowpipc-tliimo : and nearly black cairngorm sometimes becomes colourless when 
heated in a soft glass tube. They also found that when exposed to radium radia¬ 
tions for seven days colourless quartz becomes smoky, and tbe coloration penetrates 
a tfepth of one cm. info the crystal. Rose-rpiartz decolorized by heat became 
smoky rather more readily than clear roek crystal, and the pink colour was restored 
to some extent. Amethyst decolorized by heat did not become smoky, but the 
purple colour was slowly restored. K. Simon found amethyst is decolorized over 
550°. E. Newbery and If. Lupton observed that decolorized cairngorm slowly 
regained its colour when exposed to radium radiations, and this more rapidly 
than with the other samples of quartz examined—w'l/e 3. 26, 4. All the recoloured 
crystals were readily decolorized by moderately heating them, and at the same time 
a faint thermoluminescence appeared. F. Schroter, and E. Nichols and 
eo-workers investigated the blue glow which ocours with silica lieated in the 
oxyhydrogen tlanic. Observations on the action of radium rays were made by 
A. Bcn-Saiide and (J. ('ostanzo, C. Doelter, 0. 0. Wild and R. E. Liesegang, and 
8. C. Lind and D. (k Bardwell. E, F. Holden concluded that the colour of 
rose-quartz is not due to radium radiations; and A. Lacroix said that rose-quartz 
is never associated with radioactive minerals, while smoky quartz is observed 
with them- a fact also noted by If. V. Ellsworth. Radium radiations may 
produce an effect like smoky quartz, and also like amethyst. A. Miethe did not 
observe thermobnuinesccnce when smoky quartz, intensely coloured by ex'posure 
to radium radiations, was heated, but (i. T. Beilliy, E. Newbery'and H. Lupton, 

V. M. Ooldsrbmidt, ole., observed tbe effect. D. J.. Chapman and J., J. Davies, 

W. E. Curtis, and E. B.'Ludlani and W, West found that quartz glass acquires 
the power of phosphoreseing, and, tbermoluminescing after exposure to tbe 
electrical discharge. 8. C. Lind and D, C. Bardwell studied the effect of radium 
radiations on quartz, clirysoprasc, moss-agate, and opal. D. Hahn observed 
that many varieties of rock crystal give a |)ak) yellow thermoluminescence; other 
varieties give a whitish shimmering glow ; and an amethyst glowed with a yellowish 
light. The phenomenon was also investigated by .1. C. y Leon, K. von Kraatz- 
koschlau aiul L. Wiihler, etc, G. F. Kniiz and C. Baakerville did not make quartz 
luminescent by exposure to radium radiations. X-rays, or ultra-violet light. 
E. L. Nichols and co-workers found tliat when heated to a certain definite temp, 
silica omits a blue glow, and the radiation is in excess of that emitted by a black 
body at Hie same temp. According to E, Rutherford, a fused quartz tube, after 

■continued exposure to radium emanation, became brittle and cracked, and the 
whole ttfbe showed a multitude of approximately circular cracks, M. 8. Curie 
also found rjuarti-glaas tubes cracked when exposed to the a-rays from a polonium 
preparation. Hence, quartz glass is very nusuited for cnclnjing very radioactive 
preparations. In 1784, G. de Razoumowsky referred to fe phosfknrisme its corps 
du ripne nmdrai par le miyert du froUemrta, and included quartz in his list; five 
years later T. Wedgwood also referred to the luminosity produced in quartz by 
attrition ; and'J. H. Pott observed the same phenomenon with flint. M. Trautz 
observe*! triboloioineMtnM with native quartz, but not with precipitated silica. 
E. R. Lankester, E. Heron-Alien, .1, W. French, W. T. Sollas, C. C. Wilson, 



SILICON 


. 265 

\ Brammall, G. C. G. Damant, and H. S. Allen have studied the luminosity of 
,|iiartz by attrition. Many varieties of native quartz show radioactivity, and they 
Kintain some occluded helium and argon pses, as well as some uranium and radium. 
H. Strutt obtained the numbers indicated in Table VI. S. Ichikawa studied 
ihe aelation between the colour and the phosphorescence of quartz; W. E. Curtis, 
th# phosphorescence of silica-glass. 

Vabze VI.— RADio.iOTiviTr 01 - Native Quaiitz. 



Occluded 

Occluded 

Badium per 

Uranium oxide 

Hcilnni 

Origin of quart*. 

helium per 

argon per 

100 grma. 

per 100 gnne. 

iKir grm. 
UjO^ c.c 

c.mm. 

c.mm. 

, Orina. 

Grms. 

.Madagascar . 

2-4 

31G 

l-.39xl0-‘' 

4-29x10-'. 

0-0 

Ilfracombe 

1-43 

2-5 

7-45xl0-’> 

2-31X10-' 

10-4 . 

Jtrazil . 

0-74 

10 




(Quartz sand • 

0-55 

-- 

• 1-94x10-“ 

C-OOxlO-' 

«-o 

(Norfolk) 

0-295 

1-9 

4-30x10-“ 

1-33x10-* 

0-246 


When certain crystals are heated in an air bath, and then drawn quickly through 
an alcohol flame and allowed to cool, a positive charge of electricity collects about 
the so-called antiloguc poles. The phenomenon is called pyroelectricity.^*’ The 
charges of electricity can be rendered evident by their effect on other charged bodies; 
or, according to A. Kundt, by blowing a fine, spray of a mixture of equal parts of 
powdered sulphur and red-lead on the cooling crystal, the sulphur collects about 
the positive poles and the red-lead about the negative poles. The phenomenon 
with quartz has been investigated by S. Ichikawa, W. G. Hankel, C. Friedel and 
.1. Curie, W. C. Bontgen, A. Kundt, C. E. Nanmann, B. von Kolenko, J. Beckenkamp, 
and P. P. Koch. Electric charges accumulate at certain points on a crystal 
if it be pressed between the fingers or in other ways. The charges developed are 
analogous with those developed by heating the crystal, and the phenomenon is called 
piczodBOtricity.”* The j)henomenon has been investigated by J. and P, Curie, 
Lord Kelvin, A. Beckman, F, Pookels, W. G. Hanktl, A, Kundt, W. C. Bontgen, 

P. Czermak, and E. Biccke and W. Voigt. A. Perrier and B. de Mandrot found tho 
]ihenomenon with quartz disappears at 576°. The elastih deformation of quartz 
crystals by electric charges has been investigated by J, and P. Curio,32 c, Maran- 
goni discussed tho piercing of quartz plates by a high tension electric discharge. 

H. F. Bichards measured the electrification produced by the contact of 
quartz with fluorite, glass, and steel. • E. Warburg and E. Tegetmeier showed that 
a slice of rock crystal cut perpendicularly to the principal axis, and having its ends 
covered with layers of gold or plumbago, when subjected at a temp, of about 230° 
to a long-continued e.m.f. of considerabbt intensity, had its electrical conductivity 
permanently reduced to a small fraction of its original amount. In directions 
perpendicular to the axis, rock crystal, even at higher temp., has little or no con¬ 
ductivity. The electrical conductivity of rock crystal in the direction of the 
principal axis is, at high temp., about the same as that of ordinary glass. When 
a slice cut perpendicularly to the axis is electrolyzed, sodium-amalgam being used * 
as the anode, sodium migrates through the slice, \ts amount being in'accordance 
with Faraday’s law, and the weight of the slice remains unchanged. Even at high 
temp., rock crystal 8<^ as a good insulator with respect to an e.m.f. in a direction 
perpendicular to the principal axis. When potassium-amalgam was used in the 
place of sodimp-amalgam, the current had sunk after 40 hrs. to about the 
hundredth part of its original value, only 2 milligrams of silver in the coulometer 
were separated, and no fmtassium could be detected at the cathode, even by 
means df the spectroscope. It was therefore concluded that the conductivity 
is due to the presence of sodium, in the form of NajSiOs, which was shown by 
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analysis to be present in the proportion of 1 part in 2300, so that the crystal 
might be regarded as a very dil. soin. of this salt. The electrolyrtic character 
of the conductivity was further confirmed by the fact that a cell giving e.m.f. 
of from 1-3 to 2 volts could be formed of mercury, a slice of quartz at a temp, 
of 225°, cut perpendicularly to the axis, and sodium-amalgam, Accordii^ to 
the ionic theory of electrolysis, the fact of electrolytic conduction taking pMce 
only in the direction of the principal axis, would tend to the inttrence that in the 
case of rock crystal not traversed by an electric current, the interchange of atoms 
between the mols, can only take place, at any rate to a sensible extent, in the 
direction of the principal axis. E. Tegetmeier showed later that lithium may 
replace sodium in devclojiing the conductivity of quartz. P. Curie referred the con¬ 
ductivity of quartz to the presence of water or salt soln. in capillary passages oriented 
parallel to the chief axis; J. Beckenkamp assumed an intramolecular distribution 
of a fluid so that the ions of the electrolyte are disposed between the crystal mols.; 
and J, Beierinck a.ssumed that films of opal arc,distributed within the crystal. 

According to P. Curie,the electrical conductivity of quartz in the direction 
of the principal axis is mho at 20°; 0'122x at 100°; O’147 

XlO*>“at 2(X)°; and OlTOxlO"’ at 300°—the resistance of mercury at 0° is 
l'063xl03 ohms. K. and F. Exner gave for the conductivity of quartz parallel 
to the chief axis, 0'21xlO’^ mho at 109", and 0 ’ 46 xl 0“8 at 148°. G. WulfE 
measured the electrical conductivity of quartz. 

E. Tegetmeier gave for the. sp. electrical resistance of quartz, referred to that of 
mcrcnry,as.3’55xl0>“at0°,5'78xl0'“atl00°, and 5'18xl0''’at 1600°. E.War¬ 
burg and E. Tegetmeier obtained in the direction of the chief axis, 2x10*1 to 
7X1011 at 224°. K. and F, Exner obtained a resistance of 4'1 x lO*® ohms at 101°, 
and 0-9x1015 at 147°; and M. von Pirani and W. von Siemens obtained 4x10* 

ohms at 1300° when that of porce- 
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lain at the same temp, is 1’7 X lO* 
ohms. C. Doclter obtained per¬ 
pendicular to the principal axis: 

430’ 605" 780" 

Ohms . . 61,400 4,0801 6,690 

ski’ 880 " 1180 " 

Ohms . . 20,300 52,600 7,640 

and parallel to that axis: 

930" 1020’ 1140" 

Ohms . 116,000 36,612 11,970 

1260’ 1390" 1400" 

Olims 6,940 3,220 3,160 

Analogons results were obtained 
with other samples. The results 
are plotted in Fig. 47. The 
observed results were represented 
by E. Rasch and F, Hinrichsen’s 
equation, log R—A T~‘ -f C, where 


• , Temperature 

Fio. 47.—Eleotrioal Resistance of Quartz. 


the temp, on the absolute scale; 
and A and 0 arc constants. This 
expression has a formal resem¬ 
blance to the integrated form of J. H. van’t Hofi’s equation tfflog if/dr)=—A/BT* 
(1. 12, 9). K. and F. Exner gave 0’26 x 10“ii mho for the electrical conductivity 
of quartz glass at 101°, and O il xlO-i” at 147°; and M. von Pirani and W. von 
Siemens gave 0’25xl0^* mho at 727°. C. Doclter gave for the sp. resistance of 


132,800 


988' 1050* 1164' 

73,330 66,923 14,291 . 


1207' 

10,000 


Ohms 
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I'’. Horton found the efieot of temp, on the electrical resietance in ohms, and the 
. [ectrical conductivity in mhos of slabs of quartz-glass to be: 

468° 662° 708° 889° 1013° 1288’ 

Ulims . 96X10‘ 36x10* 198x10* 409000 170000 86200 

jlljdl . 1-79X10-* 4'86xl0-* 8’69xl0-* 416x10-’ 100x10-’ 2(i0xl0-* 

There is thus a riyiid increase in conductivity with rise of temp. A. Jaquerod and 
H. MUgeli found lie sp. conductivity of silica glass to be 31 x ICT^o mhos per c.c. 
at 60°; 3’16 k 10"*9 at 80°; and 3 ' 2 xl 0 ~i 8 at 100°. A. Joff6 showed that the 
electrical conductivity of quartz is increased by exposure to radium radiations, 
X-rays, or ultra-violet light, and the eScct is greater on the conductivity parallel 
to the principal axis than on the conductivity perpendicular to that axis. 
A. Schaposchnikoff found that the electrical conductivity of quartz follows Ohm’s 
law only with electric fields of moderate intensity; with over 4000 volts per cm. 
there are marked deviations. A. V. Henry measured the electrical resistance of 
silica refractories between 400° and 1100°, 

Quartz at ordinary temp, is an electrical insulator. The dielectric constant- 
determined by M. Romich and J. Nowak,36 E. Schott, P. Curie, R. Fellinger, 
W. Schmidt, L. Ebert, W. Voigt, F. Paschen, H. Starke, E. S. Ferry, etc.—parallel to 
the axis lies between 4'6 and 5'057; and at right angles*to that axis, 4’32-4'695. 
VV. M. Thornton found 4 6 parallel to the principal axis, and 4 5485 perpendicular 
to that axis. F. Hasenohrl found that at a temp. d°, the dielectric constant parallel 
to the principal axis is 4'926{1—0 00110(9—10)—0 000024(9—10)2} ; and perpen¬ 
dicular to that axis, 4-766{l—0'00099(9—10)|. The insulating properties thus 
decrease with rise of temp. The dielectric constant of quartz is greater than the 
value computed from the refractive indices ; this is also the case with fluorspar, and 
calcspar. M. Faraday, L. Boltzmann, and H. A. Rowland and E. L. Nichols 
discussed the dielectric polarization of quartz. F. A. Schulze found the dielectric 
constant of quartz-glass to be between 3 2 and 3’4; and A. Coehn and A. Curs, 
3'2-3'5. A. Jaquerod and H. Mugeli studied the anomalous charging and dis¬ 
charging currents in silica-glass used as the dielectric of a condenser. They also 
examined the effect of dissolved gases—hydrogen, and helium—on the residual 
currents in silicS-glass. W. F. Powers measured the temp, coeff. of frequency of 
quartz resonators. All kinds of quartz are diamagnetic. 0. Tumlirz 2 S found 
quartz to be diamagnetic perpendicular to the principal axis, and W. Konig, 
E. Stenger, etc., have measured the magnetic susceptibility. P. Curio found 
between 18° and 430°, —0'44xl0-® mass units; 8. Meyer, —0 07x10'^ to 
017x10-® mass units; J. Kiinigsberger, and W. Voigt and S. Kinoshita obtained 
—I’2xl0^® vol. units at 20°. B, Bavink, and G. Wistrand have studied the 
magnetic properties of quartz. W. Voigt found quartz to exhibit piezomagnetism. 
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P. (’urio, Compt. Reml, 115.1292,1892; 116.136,1893; Journ. Phya., (3), 4. 197,1895; A. Coehn 
and A. Curs, Zeit. Phyaik, 29. 186, 1924; A. Curs, Studien zur Ber^rmtgaelektrizitai, Gottin¬ 
gen, 1023; L. Ebert. Zeit. phya. Chem., 118.1,1924. 

•• W. Voigt and S. Kinoshita, Ana. Phyaik, (4), 24. 492,1907; J. Konigsljerger, Wied. Ann., 
68. 698, 1898; S. Moyer, ib., 68. 325, 1899; W. Konig, ib., 81. 273, 1887 ; E. Stenger. *6., 86. 
331, 1888; W. Voigt, G6U. Nachr., 1,1901; Ann. Phyaik, (4), 9. Ill, 1902 ; 0. Tumlirz, Sitzber. 
Akcd, Wien, 66, 698, 1898; B. Bavink, Beitrdge zur Kenntnia der nagneliachen Infiuenz in 
KryataUen, Stuttgart, 1904; G. Wistrand, MagnetiakaauaceptibiUkten hoa krnrta, tellur och 
Mgra holmiumforeningar, Uppsala, 1916; P. Curio, Comjd. Rend., 116. 1292, 1892; 116. 136, 
1893; Journ. Phya., (3), 4. 197, 1895. 


§ 19. The Cbeimcal Properties of Silica 

The general chemical properties of the different varieties of crystalline and 
amorphous silica are very similar; and the saipo remark applies also to the hydrated 
forma. Tlw main difference turns on the different speeds of reaction. From this point 
of view the hydrates are the moat active, and quartz, the least active. According 
to 11. Schwarz,! amorphous silica (silica glass) is more active than cristobalite, cristo- 
balito is more active than tridymite. and tridymite is more active than quartz. 
F. W. Clarke said that in all probability tridymite, cristobalite, and quartz are 
polymers of the fundamental mol., SiO,; and tridymite and cristobalite are the less 
somplex; and therefore more stable at high temp. They are, moreover, less dense 
than quartz, and quartz-glass, with a still lower density, probably approximates 
.nore nearly^o the simple mol., SiOj. J. A. Hedvall observed that the precipitated 
and amorphous forms of silica react faster with the alkaline earth oxides than 
cristobalite, and this in turn faster than quartz— vide infra. 

E. Wolff ^ examined the loss on ignition of quartz. The catalyfic effect of quartz 
on the union of hydrogen and oxygen has been previously indicated (1. 9,9); and 
the effect of silica gel at 160°, 250°, and 360° on the esterification of alcohol was 
found by C. H. Milligan and E. E. Reid to be twice as great as that of titanic oxide. 
According to P. Villard, if a tube of silica-glass attached to a manometer be 
exhausted and heated by a gas-flame, the press, inside rises owing to the passage of 
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hvi7ro«n through the walls of the tube. M. Berthelot said that hjdrogen passed 
trough quartz-glass at 1300°, and Z. von Hirschberg, at 1000°. The permeability 
' creases as the temp, is raised. J. B. Johnson and B. C. Burt found the diffusion of 
rvdrogen through quartz-glass starts at 300°, and with nitrogen at 600°. H. Briggs 
studied the adsorption of hydrogen and nitrogen by silica. G. Williams and 
1 B. Ferguson found that one c.c. siUoa-glass of sp. gt. 2’22 and at 515°, dissolved 
i) (X)95 c.e. of hycfrogen (at n.p.t.l with the press. 750-760 mm. and at 445°, 0 00989 
0 c. With helium, O'OIOI c.c. was dissolved at 515°, and 0 0103 at 446°. The 
solubilities of the gases bear no relation to the rates of diffusion through silica-glass. 
0. A. Hougen and B. L. Miller found that the siliconizing of platinum wires in 
silica-tubes in a reducing atm. above 900° is due to silicon vapour produced by 
the reduction of silica. A. Jaquerod and F. L. Perrot found that hMioin diffuses 
perceptibly through silica-glass at 220°, and very rapidly at 1100°. The rate of 
diffusion is proportional to the press. 6. A. Williams and J. B. Ferguson found 
the permeability of silica-glass for Jieliura at 180° can bo measured, and at 5C»)°, 
it is about 22 times that of hydrogen. A« Piutti and E. Boggio-Lera found that 
at 480° helium is unable to traverse plates of 1-quartz or d-quartz plates only 0'3 to 
10 mm. thick, and out parallel or perpendicular to the optic axes, but quartz-glass 
is permeable at this temp. 0. W. Richardson and R. C.^Ditto found neon to bo 
rather leas diffusible than helium. M. Berthelot, and Z. von Hirschberg reported 
that quartz-glass is permeable to oxygen, nitrogen, and methane, at 1300 . A 
sealed quartz-glass tube of 5 c.c. capacity, was fflled with hydrogen at 0'2 atm. press, 
and heated for an hour at 1300°-. The contents of the tube were then eq. to 0-68 c c. 
of hydrogen or to O'12 c.c. measured at atm. press. Fused-silica tubes with walls 
0-7 mm. thick are not permeable to hydrogen at the ordinary temp., but become 
so at 800°, whilst at 1300° the diffusion is very marked ; hydrogen cWotWe does 
not begin to diffuse through the walls of a quartz-glass tube below HOO^either 
does carbon dioxide below 1300°; the diffusion of nitrogen is feeble at 1000 , but 
becomes appreciable at 1300°-1400°, whilst oxygen diffuses more readity^ relative 
experiments on the rates of diffusion of these two gases show that at 14(» under a 
press, of 1-2 atm. one-sixth of the initial vol. of nitrogen or one-third of the initial 
vol. of* oxygen diffuses during one hour. The quartz-glass tubes suffer a per¬ 
manent distension from the effect of the increased internal press, at the high temp. 
It was found that tubes of ordinary white glass or of Jena glass are permeable to 
hydrogen, oxygen, and carbon monoxide under the skme conditions as wore 
observed with tubes of fused silica, but at a Iqjver temp. It was assumed that the 
permeability of the walls of glass or fused silica vessels to gases is similar in cha¬ 
racter to the passage of gases through caoutchouc or animal 9' 

regarded the phenomenon at high tsmp. as an effect of incipient de'vitriftbation. 
E. C. Mayer found a transparent vitreous quartz vessel to be impervious to hydrogen 
and oxygen at ordinary room temp., and atm. press., but was pervious to 
at temp higher than 330°, and at press, ranging between 26cme. above and be ow 
atm. pre.s8. ^ No leakage was detected with oxygen or nitrogen for pr^s bebw at^ 
Nitrogen did not escape until about 430 . In all ^ 

leakage increased with an increase of pr^.-hydrogen leaked 
BlowMt of the three gases in question. G. A. Williams found the permeability 
of silica glass for hydrogen becomes appreciable above ^ ; and at >'•8^ ’* 

is proportional to the gas press., and is an exponential function of temp. 

Observations on thediffLion of hydrogen were made by T. des Coudres, M- Boden- 
stein and F. Kranendieck, W. Watson, and H. Wttstner. The last-named found 
the coeff. of diffusion of hydrogen, in c.c. per sq. cm. per sec., to be 
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with th?. hydrogen at 800-900 atm. press. He also made some observations on 
nitrogen and qxygen, but found the rate of diffusion to be very slow-particiilarly 
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in the case of oxygen, H. Wiistner also measured the absorption coeff., of 
hydrogen, and obtained: 

m‘ 400* SOO” 700" 800" 000" 1000" 

f . . 0006483 0 006609 0 00819 0 009868 0 01092 0 01098 0 0JO29 

f 

SO that the value at about 700'* is the same as that of hydrogen in'’water ut ordinary 
temp. H. von Wartenberg discussed the reduction of quartz Iry hydrogen above 
1200°. R. S. Willow and H, T. George studied the absorption o£ gas in quartz 
discharge tubes; and A. F. Benton, the absorption of carbon dioxide, carbon 
monoxide, oxygen, and hydrogen by silica— vide infra, silica gels. E. E. Schumacher 
found that quartz is wetted by mercury when the adsorbed air is removed from the 
quartz. 

The adsorption ot Water vajmur by quartz has been studied by I. Ihmori,* A. von 
Ddliencck, M. Guichard, W. Skey, H, E, I’ajten, R. E. Wilson and T. Fuwa, 
L. Vignon, and L. J. Briggs. The lart-named found that quartz, like glass, is 
capable of condensing a water film upon its surface from an unsaturated atm. 
A part only of this film is liberated when the vap. press, is reduced to zero at 30°. 
The weight of the water film condensed on the surface of quartz at 30° in an atm. 
within one per cent, of saturation is 26'6 mgs, per sq. metre determined by drying 
at 110°. 'This corresponds to a calculated thickness of the water film of 
2'66 X 10“'i cm,, assuming the density of the film to be uniform and equal to unity. 
The results obtained with washed quartz do not support the conclusion that 
adsorption i.s due to the presence of soluble substances on the surface of the solid. 
H. E. Patten and F. E. Gallagher found that finely powdered quartz in an open 
dish over water adsorbed 0-23 per cent, of moisture at 23°; O il per cent, at 43° ; 
0'()5atifi2°; 0'03 at 80°; and 0'02 at 97°. A. von Dobencck found that 100 grms. 
adsorbed 0'023 grm. of carbon dioxide at 0°, and virtually the same amount at 
Iff, 20°, and 30°. B. von Ammon found that quartz powder absorbed 0'295 
per cent, of ammonia at 20°. G. R. Paranjpe measured the effect of press, at 
—190° on the adsorption of hydrogen by quartz. The condensation of water 
vapour on the quartz appears to be duo to the attraction of the solid for the mol. 
of the vapour, in acconlance with the theory of J. W. Gibbs (1. '13, 22) as applied 
to the adsorption of dissolved substances, G. Schwalbe, and C, J, Parks have 
investigated the Poiiillet effect with quartz and amorphous silica-lude 1. 9, 9. 

In his MekoroJogy, Aristotle, 32(^i).c., said that water is improved for drinking 
purposes by filtration through sand; and in his Sylva sylvarum, F. Bacon wrote of 
a method of obtaining fresh water from sea-water, by filtration through earth. 
S. Hales also mentirmed that when sea-wator is filtered through stone cisterns, 
the first pint that runs through will not taste of the salt, but the water afterwards 
collected will be as salt as usual. G. Matteucci also found that the first ruimings 
of soln. of various salts, when filtered through sand, are free from salt. The 
phenomenon is here probably not altogether an adsorption effect, but is partly duo 
to the more rapid passage of water as shown to bo the case by S, Krakoff, and 
L. J. Briggs with soils. J. N. Mukherjee showed that silica adsorbs acids, although 
A. F. Jfiseph and J. S, Hancock could not confirm this. According to L. Vignon, 
quartz adsorbs the alkali hydroxides or carbonates, but not sodium chloride or 
magnestum«chloridc. Other chlorides, nitrates, and sulphates of the alkalies and 
silver nitrate are adsorbed from aq, soln. The adsorption with carbonates is rather 
leas than with hydroxides; but the results with the alkalips are in some douht 
because of the poraible chemical action between soln. and solid. R. E. Wilson 
and T. Fuwa studied the humidity equilibria of silica. The adsorption of water 
vapour by the so-oalled amorphous sihea is smaller the higher the temp, at whioji 
the silica has been calcined. E. Berl and W. Pfanmiiller studied the effect of the 
fiotation process on quartz. * 

Quartz is considered to be insoluble in water at ordinary temp, and press. 
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The solubility of silica in natural waters has been discussed in connection with the 
iccurrence of silica—-tn'de supra corrosion figures. It was also pointed out that 
J H. Pott,* A. BaumtS, J. C. F. Meyer, and C. J. B. Karsten knew that the gelatinous 
precipitate from liquor silicium remains in solu. when treated with an excess of 
acicF. Gelatinous silica, precipitated when silicon tetrafluoride is passed into water, 
was reported by ,1. N. von Fuchs to be slightly soluble in water—100 parts of water 
dissolving 0 013 p.-irt of silica. A. B. Delesse found an appreciable solubility at 160“'. 

('. Struckmann found the water dissolved 0 021 part of silica which had been 
precipitated by carbon dioxide from a soln. of an alkali silicate; and 0. Maschko 
obtained a soln. with 0 09 part of silica after many days’ digestion. In those old 
measurements, the influence of alkalies derived from the, solvent action of water 
on glass does not seem to have been excluded. E. Jordis showed that the solubility 
is influenced by the presence of acid or alkali in the water. The same remark 
applies to T. Graham’s statement that 100 parts of water dissolve 0 02 part of silica 
precipitated from a one per cent. sblu.; and O’Ol part of silica precipitated from 
a 5 per cent. soln. E. Ludwig found 100 parts of water dissolved O-OO37-0 (W42 
part of silica. A. E. Delesse showed that quartz is slightly soluble in water at 160°; 
and W. Skey stated that hydrated silica dissolves in water. H. Leitmeier found 
that 0-22 part of opal dissolves in KXl parts of boiling water, and that quartz and 
chalcedony are not so soluble. Observations on the solubility of silica in water 
have also been made by E. Manzella, J.’ Davy, J. Persoz, 0. Viola, E. Nicholson, 

R, Biedermann, C. G. C. Bischof, A, M. Edwards, G. G. Wittstein and R. Pribram, 

A. Souchay, C. Mimeko, G. Winkler, G. Matignon and M. Marchal, P. Jaiinasch and 
0. Heidenrcicli, G. Gore, F. Meissner, W. Spring, 0. B. Ercolani, M. Bcllati and 
L, Finazzi, etc. S. Calderon found that 100 parts of water dissolve O'Ol part of 
silica, and that the solubility is increased in the presence of oxygen, carbon ioxide, 
nitric acid, sulphuric acid, and humic acids. H. W. F. Wackenroder found traces 
of silica in strong brines. Many other observations have been made. T. Graham 
thought that the solubility depended upon the degree of hydration, and that 
dehydrated silica is insoluble in water. This, however, is not the case. V. Lenher ■ 
showcij that the action of water on silica is that of a solvent, and this action is 
accelerated by the finer grinding of the sihea, and J>y raising the temp, and the 
press. The water converts the silica into the gel form, which then passes into the 
sol condition. F, Seemann studied the solubility of silica, in water and in soln. of 
ammonium carbonate, sodium chloride, and carbonic acid. R. Schwarz made a 
clear sol with 0 3 per cent, silica by evaporating a soln. of silicic acid in aq. ammonia 
slowly over cone, sulphuric acid. 

V. Lenher and H. B. Merrill have shown (i) that gclatinoiis silica attains^ state 
of equilibrium fairly quickly in water—about 24 hrs. sutfice and the solubility 
is 0-016 at 2,6° per 100 c.c. of water, and 0-0214 at 90° - the solubility is the same 
no matter how the gel is prepared ; and (ii) that the solubility of ignited silica 
appears less than that of gelatinous silica because of the length of time required to 
saturate the soln. They say that in all probability the true solubilities of the 
ignited and gelatinous forms of silica are the same. The presence of carbon dioxide 
has no effect on the solubility of silica in water at 90°. The solubility is augmentod 
by press. F. Pfaff found that at 18° and 290 atm. press., 100 parts of water dis- ^ 
solved 0-0213 part of silica. According to G. Spezia, the action of water on polished 
plates of quartz cut vertical and parallel to the chief axis in to^ ol the loss of 
weight in milligrams per sq. cm. of surface suffered in 30 days is illustrated by the 
results shown in Table VII. G. Spezia infers that press, plays but a subordinate 
rflle, and that teinp. is the most important factor in determining the solubility of 
quartz in water. The solubility is greater in the direction of the chief axis than 
it is at right angles thereto. 

It nught be anticipated that pendBcatOI analogous to the percarbonates could 
be prepared bv evaporating silica gels with 30 per cent, hydrogw uiOlPa#. 

A. Komaroosly * did obtain a gelatinous residue which liberated chlorine from 



278 


IKORGAHIC AND THEORETlCil CSEMlSTRy 


'i'AniK Vil.-femi oj' TEJimAMHE AVD PamvsB os SHE Sowemn of 
Df Waibb. ^ 



rnrallel to principal axis. 

( 

/ 

Pcrpeadiculsr to priocipoi axis. 



Mgrrati. silica 

1.. 

1 


— -— - ■ 

ifgrms. saiA 

Temp. 

I'rcflS. stm. 

dissolved per 

1 Temp 

Press, aim. 

dissolved per 


Hq. cm. 

1. 

/— 

aq. cm. 


imo 

0-067 

182® 

1322 

V62 

176" 

H-8 

O'll 

207® 

IS 

3-63 

207" 

]-8 

1-31 

231® 

18 

506 

224® 

24 0 

2-32 


: — ' 

— 

231® 

28-0 

2-63 


j — 

— 

268" 

620 ! 

7-74 


— ' 

— 

323® 

1220 i 

i 

11-87 

« 

i ~ J 



hydrochloric acid, and iodine from hydriodic acid; it gave ozone when treated with 
cone, sulphuric acid, and decolorized soln. of potassium permanganate. Hence, 
It was inferred that either a peisiiicic add, H 2 Si 04 . 1 JH 20 , or a ^dtogel ol per- 
lilidc add, H 2 SiO 8 .H 2 Oj.JH 2 O, was formed. A. H. llrdenbrecher found that by 
triturating anhydrous or crystalline sodiuip mctasilicate with 82 pci cent, hydrogen 
dioiide and alcohol or ether, a porous mass containing up to 15 per cent, of active 
oxygen is obtained. It absorbs carbon dioxide and moisture from air, and evolves 
water and oxygen when heated. 

ilccording to H. Moissan,® fluorine is the only halogen which attacks silica, and 
silicon totrafluoride is formed even in the cold. If the silica be mixed with carbon, 
then, at a red heat, H. C. Oersted showed that chlorine furnishes silicon tetra¬ 
chloride ; and G. S. Serullas, that bromine, gives silicon tetrabromide. H. Moissan 
found that iodine pentafluoride reacts vigorously with silica, forming silicon tetra- 
fluoride. Quartz is scarcely affected by acids, excepting hydrofluoric acid which 
reacts with it, forming a volatile silicon fluoride. According to H. Hose, powdered 
quartz dissolves quietly in hydrofluoric acid; but silica of sp. gr. 2'2 dissolves with 
more violence. According to B. Schwarz, the amounts of the dilielent modifications 
of silica dissolved by hydrofluoric acid during a period of 30 hrs., are as follows: 

* Quarts. Trldymlte. Crbtobalite. Quartz Rlass, 

One per cent, acid . 6*2 ^ 20'3 25'8 62 9 per cent. 

Five per cent, acid . 301 76'3 74 3 96’6 „ 

On the^assumptiou that compounds arc less attacked by hydrofluoric acid the more 
condensed the mol., J. B. Mackintosh assuified that the mol. of quartz is more 
condensed than that of opal because with dil. hydrofluoric acid, opal lost 77'28 
per cent., while quartz lost only 1 ’66 per cent. The illustration is poor, because one 
is a hydrated end the other an anhydrous compound—vide supra, corrosion figures. 
According to J. Thomsen, the heat of sohi. of hydrated silica in hydrofluoric acid 
approximates 48 Cals, per mol. of silica when the eq. of 12 mols. of hydrogen 
fluoride, HJ', is used per mol. of silica; and 13'64 Cals, when 2 46 mols. of hydro¬ 
fluoric acid are used. According to 0. Mulert, the thermal value of the reaction 
with finyly-powdered quartz in 20 per cent, hydrofluoric acid is 29 93 Cals, per mol. 
of silica, SiOj; 32T4 Cals, per mol. of fused-silica, SiOj. E. Wietzel found that 
with 36 per cent, hydrofluoric acid, the heat of soln. per mol. of quartz-glass is 
35’97 Cals.; with rock crystal, 33’66 Cals.; and with cristobalitc, 36‘37 Cals. 
Similarly, with fuming hydrofluoric acid, and quartz-glass, thfl heat of soln. is 
38 83; rock-crystal, 36'48 Cals.; and chalcedony, 36-72 Cals. 6. Tammann has 
also shown from measurements of the electrical conductivity that the soln. obtained 
in both cases is the same. Consequently, the heat of transformation of amorphous 
silica to crystalline quartz is about -f2 '2i Cals. The mol. ht. of soln. of quartz in 
hydrofluoric acid was found by P. C. Ray to be raised 217 Cals, by ISdirs.’ grinding; 
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tins is taken to ooirespond with the conversion of 31-2 per cent, of quartz to the 
ulicous state. 0. Mulert has shown that the heat of soln. of hydrated silica 
(lopcnds on the degree of hytotion of the silica. 

]t rises rapidly from 32'14 with amorphous anhy- 
(Insis silica to 35’51 Cals, with silica with about 
;) ]ier cent, wate^, and then falls to about 33'5 Cals, 
with silica having about 10 pet cent, of water; 
alter which, the heat of Boln. remains constant. 

The curve is illustrated in Fig. 48. The increase is 
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absorbed by the silica is in a state of compression, 
and the energy compressing the water is liberated 
as heat; and when the silica is associated with Fio. 48.— Heat of Solution of 
more water, the compression diminishes and con- Hydrated Silica in Hydrofluoric 
sequently less heat is liberated. » 

0. Gore found that liquid hydrogen chloride has no action on silica. According 
to M. Wunder and A. Suleimann, when gelatinous silica is digested for 2 hrs. on a 
water-bath with 1:2 hydrochloric acid, 0’12 grm. of silica per litre passes into soln., 
and 0 03 grm. of silica per litre after 12 hrs.’ digestion at, 18°; with 1 :1 acid, the 
results were respectively 0‘14 and 0'03 grm. of silica per litre ; and with 2 ; 1 acid, 
0'331 and 0'05 grm. per litre. C. Struckmann, 0. Masche, and G. C. Wittstein 
made observations on this subject, vide supra. V. Lenher and H. B. Merrill found 
the solubility in grins, per 50 c.c. at 90° to be: 
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and at 25°: 
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The results are plotted in Fig. 49. J. M. van Bemmelcn found that 0-81, 2'27, and 




Fio. 49.—Solubility of Silica in Hydro¬ 
chloric Acid per 50 c.c. of Solution. 


Fio. 60.—Solubility of Silica in Sul¬ 
phuric Acid per 50 c.c. of Solution. 


4'2 mgrms. eq. of hydrochloric acid were absorbed by 10 grms. of gelatiqpus silica 
dried at 100° from 100 c.c. of soln., containing respectively 20,50, and 100 mgrms. 
eq. He assumed that the water in the silica was replaced by acid. C. J. B. Karsten ‘ 
discussed the action of acids on silica; and G. C. Wittstein, oF aqua regia. 
E. Jordis and E. H. Kanter assumed from conductivity measurements that when 
hydrochloric acid is added to colloidal silica, combination occurs. C. J. B. Karsten 
also assumed that a compound of silica and hydrochloric acid can be formed. This 
was supported by F. Mylius and E. Groschufi. J. Meyer inferred that the amount 
of hydrogen chloride retained by silica after 4 hrs.’ ignition at 1000° is inappreciable. 

T. Bauer has referred to the difficulty of getting rid of the last traces of hydrochloric 
acid from silica. 

According to F. Koref,^ and A. Gautier, silica at 800°-1100° is attacked by the 
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vapour of golphoi, bpdiogen solphide or of carbon disolpbide, forming silicon 
sulphide (}.!).)■ R- D. Hall said t hat sulphur chloride, S^Cls, has no action on heated 
silica; F, Bourion found that a mixture of chlorine and the vapour of sulphur 
chloride has virtually no action on precipitated silica at 575°; and at a dull 
red heat, C. Malignon and F. Bourion found that silicon tetrachloride is rcaidily 
formed. W. B. Schmidt found that sulphurous acid has but a slight action I)n 
sHica. According to M. Wundor and A. Suleimann, dil. sulphuric acid (1:2 
dissolves 0 02 grin, and 0'04 grm. of silica per litre when digested on a water-bath 
and at 18° respectively. L. Wohler and eo-workers studied the action of silica in 
the contact process for sulphuric acid. V. Lenher and H. B. Merrill gave for the 
solubility of gelatinous silica in sulphuric acid in grams per 60 c.c. at 90°: 

Per cent. H, SO. . 0 3 » 7-3 II B 25-4 53'6 710 

SiO, . . 0 0214 0-0211 0-0184 0 0144 0 0068 0 0005 0-0004 

The results are plotted in Fig. 50. Observations were also made by 8. Calderon. 
.1. M. van Bernmelen found that T],2-l?,and 4 0 rngrins. eq. of sulphuric acid were 
absorbed by 10 grins, of gelatinous silica dried at 100° from 100 c.c. of soln. con¬ 
taining resjiectivciy 20, 50, and 100 mrgins. eq. of sulphuric acid; the acid was 
assumed to replace the wjiter in the hydrated silica, forming a kind of combination. 

H. Funk* studied the action of ntfrc^en on silica during which a nitride {q.v.) is 
formed. 0. .1. B. Karsten found that aq, ammonia readily dissolves freshly pre¬ 
cipitated silicic acid, but a soln. ol aminoiiium carbonate dissolves very little. 
(}. C. Wittsteiii also loiiiid that calcined silica is soluble in aq. ammonia, and if 
a soln. of water-ghess, mixed with an excess of hyitrochloric acid, be treated with 
ammonia, the Hecks first formed are dissolved when more ammonia is added. 
According to R. Frihram, l(K) parts of fl-75 per cent. aq. ammonia dissolve 0-714 
part of gelatinous silicic acid, 0-303 part of dried silicic acid, 0 377 part of dehydrated 
silicic acid, and 0-017 part of quartz. A. Souchay found 100 parts of aq. ammonia 
dissolve 0-382 part of silica dried at 100°, 0'357 part of calcined silica, and 0-00827 
part ol quartz. H. Ktlhn, and .T. Versoz also observed the ready solubility of silicic 
acid in aq. ammonia. The phenomenon is complicated by the action of alkalies 
derived from the glass eontqining vessel. ('. Struckmann found that lOO' parts 
of 19-2 percent, aq. ammonia cfissolved 0 071 part of silica, and 100''partsof a 1-6 per 
cent, soln., 0-0986 part ol silica. Observations were also made by W. Skey, 
A. M. Edwards, etc. L. 3. Briggs found that if the coiic. of an aq. soln. ol ammonia 
after absorption be represented by mols per litre, and the total adsorption by 
100 grms. of quartz powder of surface area 1(X),000 sq. cms. be represented by A mols 
per litre, then: 

C . . 0-0008 0-0032 0-0102 0 0J.14 0 1062 

A . . 0-65x10-* 0-74x10-* 1-04x10-* 2-94x10-* 7-68x10 * 


According to R. Schwarz, the peptizing action of the ammonia makes itself 
noticeable at a cone, of O-OOIN ; for SA'-ammonia the amount of dissolved silicic 
acid lies between 63 4 per cent, and 67-4 per cent, for different siiecimens of the gel. 
Between the cone. 3A- and 6A'-amnionia the solubility does not change materially, 
and from this cone, iiiiwards the solubility decreases. 

H. Rose observed that silica may be completely volatilized as silicon tetra- 
fluoride vvheii heated with two or three times its weight of ammoniDtn flnoridfr— 
J. B. Mackintosh, K. Daniel, F. Leydolt. and F. von Kobell have made observations 
on this subject. When heated with ammonium Chloride, artificial silica becomes 
denser and less readily attacked by reagents. L. J. Briggs found-that if the cone, 
of an aq. soln. of ammonium carbonate after adsorption be denoted by C mols per 
litre, and the total adsorption by 100 grms. of quartz of surface area 100,000 sq. cma, 
be represented by A mole per litre, then: 


C . , 0-0022 0 0063 

4 . . 0 09x10 * 0-46x10-* 


0-063 

' 1-8x10-* 


0-46 X10-* 
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A. W. Titherley found that when a mixture of silica and an allrali amide is heated 
l« tweeii 300° and 400°, ammonia is evolved, and at still higher temp., ammonia, 
livdrogen, and nitrogen are given off. The residue contained the alkali sdicate and 
silicon nitride. When gelatinous silica is digested with dil. nitlic add (1:2; 
1 :1* and 2 :1) on a water-bath for 2 hrs., respectively 010, 008, and 0 04 grm. 
of silica per litre pgsses into soln., and when digested for 12 hrs. at 18°, respectively 
0'02, 0'03, and 0*03 grm. of silica per litre dissolves. S. Calderon made some' 
observations on this subject. J. M, van Bcnmiclen found that 0-86, 217, and 
1-0 mgrms. eq. ’of nitric acid were adsorbed by 10 gnus, of gelatinous silica dried at 
1(10° from 100 c.c. of soln. containing respectively 20, DO, and 100 mgrm. eq. of 
nitric acid. The water of the silica is replaced by nitric acid which forms a kind of 
compound with the silica. G. C. Wittstein also tested the solubility of silica in 
aqua regia. 

Silica has in a marked degree the power of forming complex acids. IJie 
slljcophosphates, silicotungstates, sdicomolybdates, silicovanadates, silicotitanates, 
and the silicostannates can be cited in illustration. A. V. Bleininger and 1’. Tector * 
obtained no evidence of the formation of a compound in their study of the glasses 
obtained by fusing mixtures of silica and boric oxide. The action of soln. of 
phosphoric acid, of fused sodium phosphate, of phosphorus pentoxide, and fused 
luetaphosphoric acid is discussed in connection with the silicon phosphates, mde 
iiijra. A. Daubree found that phosphOlUS trichloride converts .silica into silicon 
tetrachloride; R. Weber obtained a similar result with phosphorus pentachloride ; 
and A. Simon showed that phosphorus trifluoride yields silicon tetrafluoride. The 
action of carbon and of calcium carbide on silica has been discussed in connection 
with silicon carbide. Reports as to whether the presence of carbon dioxide in 
soln. in water exercises any inluence on the solubility of silica are discordant. 

Struckmann te said that the solubility is diminished; V. Lenher and H. B. Merrill 
said that at 90°, the effect of carbon dioxide on tho solubility of silica in water is 
nil. F. Seemann, 0. Maschc, and S. Calderon made some observations on the 
subject. C. Matignon and G. Marchal examined the corrosive action of water on 
quartz in the presence of carbon dioxide under 10 atm. press, during 3 years* action. 
S. Medsforth studjed the action of silica on nickel as a catalyst in the reduction of 
carbon monoxide and dioxide by hydrogen. A. Findlay and W. H. Harby found 
that colloidal silica exercises no influence on the solubility of carbon dioxide in water. 
A. Simon found that carbon tetrafluoride converts silica into silicon tetrafluoride ; 
and E. Demar^ay said that carbon tetrachlcride slowly converts red-hot silica 
into silicon tetrachloride, and H. E. Quantin found that silicates also yield silicon 
tetrachloride, and this the more readily the greater the proportion of copibiucd 
alumina in the silicate. Au conlrath, L. Meyer, and P. damboulives said that 
silica is not attacked when heated in a stream of the vap. of carbon tetrachloride, 
and the latter applied the fact to the analysis of complex minerals. For instance, a 
separation of free and combined silica in bauxite can be effected in this way, since 
aluminium silicate is transformed into the chlorides of aluminium and silicon, 
whilst uncombined silica is not attacked. F. Sabatier and A. Mailbc found that 
silica acts catalytically on the decomposition of formic acid into carbon .dioxide, 
water, and formaldehyde; and J. B. Senderens, and A. Kling, that silica acts 
catalytically on- the thermal decomposition of alcohols. D. Konowalop found 
silica acts catalytically on the decomposition of amyl acetate vapour ; ('. H. Milligan 
and E. E. Reid, on acetic acid, and ethyl alcohol vap. ; pnd M. Bodenstein and 
F. Ohlmer, on the oxidation of carbon monoxide. E. Berl and W. Pfanmiiller, 
W. Suida, E. Dirtier, and L. Pelet-Jolivet studied Gie action of silica, quartz, etc., 
on organic dye-stuffs. The basic dyes are adsorbed particularly when the grain- 
size is approximately 10/r. It has been affirmed by F. Verdeil and E. Eislet 
and denied by A. Petzholdt that silica is soluble in a soln. of sugar. J. Weisberg 
found ttat calcined silica is much less soluble io saccharine soln. than partially 
dried silica. • 
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J. J. Berzelius *2 found that at a white-heat silica and potasstom form potassium 
silicate and silicide; and that a mixture of silica and carbon, in the presence of 
COppet, silver, or iron, at a white heat, forms carbon monoxide and a silicide of the 
metal. J. S. Stas also noted that silica is attacked and reduced by molten silver or 
silver vap. 6. A. Faurie made some observations on this subject. J. B. J. D. Bous- 
singault also found that when a mixture of silica and carbon vjith plstilllUU, 
ladium, rutheninm, or iridium is heated, a metal silicide is formed. R. Bunsen 
and A. Matthiessen, and H. Moissan found that caldum and strontium reduce 
silica at a red-heat. A. Burger also studied the action of calcium. 'F. KraSt found 
that these metals, freed from the oxide, can bo distilled in quartz vessels; and 
A. Schuller showed that under diminished press, in quartz vessels, silver can be 
volatilized at a temp, below its m.p.; a deposit of lead was observed when com¬ 
mercial silver was employed; copper can be sublimed when heated in quartz 
vq^sels ; gold volatilizes very slowly at about its m.p.; tin can be distilled somewhat 
more easily than gold. For the action of the various metals on silica, vide the 
silicides. ' 

L. J. Briggs 13 measured the adsorption A by 100 grms. of surface area 100,000 
sq. cm. of powdered quartz in mols, when the cone, of the soln. after adsorption 
was C mols per litre, and found with sodium hydroxide : 

V. .0 0007 0 0020 0 0078 0 028 0 0866 

.4 . . 0-42xl0-‘ 0-79X10-* l'48xl0-‘ 3-45XlO'* 810XlO"* 

and with potassium hydroxide: 

c . . 00000 00021 00063 0 0235 

A . . 0-33x10 • 0-91x10-* 1-63x10-* 3 3x10-* 

The adsorption curves for ammonium and the alkali hydroxides are similar in form. 
The amount adsorbed is not directly proportional to the cone., but is relatively 
greater in very dil. soln., so tha't the ratio of the amount adsorbed to the. cone, of the 
soln. decreases as the cone, is increased. The apparent adsorption of potassium 
hydroxide by quartz when in equilibrium with a tenth-normal soln. is 1-66 X 10“3 gm. 
mols. per sq. metro, which is eq. to about O'G mg. of potassium hydroxide per 
square metre of surface. The adsorption of potassium hydroxide by a fine quartz 
sand from a tenth-normal soln. amounts to only 1 per cent, of the salt contained in 
a vol. of soln. sufficient to saturate the sand. R. E. Hall and co-workers discussed 
the solubility of quartz in hot aljjqline waters. For the action of fused alkali 
hydroxides, vide injm, alkali silicates. 

According to 0. F. Rammclsberg,** quartz is but sbghtly attacked by a soln. 
of potassium or sodium hydroxide; hydrated silica is fairly soluble in this men¬ 
struum ; while the opals, and chalcedonies are readily attacked. Thus, H. Loitmeier 
found that with dillerent samples of chalcedony, a variety of chalcedony (or opal), 
called cachohtig, and quartz, the attack by a 2 per cent. soln. of potash-lye at 85° 
for 5 hrs. was related with the amount of water associated with the chalcedony, 
as indicated in Table VIII. Many other observations on this subject have been 

• Tablk VIII. - Action of Potassium Hydboxide on Qoabtz. 


« Vulety of sUlcA. 

3p. gr. 

Water. 

' ?er cent. 

- Quarts dissolved. 
Per cent. 

Quartz (Rauria) 

! 2-613 

' 0-22 

7-23 

Chalcedony (Faroe). 

2-691 

1-02 * 

42-30 

Cacholong (Faroe) . 

' 2-370 

1-35 

' 64*49 

Chalcedony (Weitendorf). 

2-608 

1-60 

76-02 


made—lude supra, corrosion figures. It is not possible to estimate accurktely the 
proportion of opal and quartz, in a sample of chalcedony, flint or vhert, from the 
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amount dissolved m alkali-lye in a given time, because fine-grained quarts is 
attacked at the same time. The attack by alkali-lye depends on the cone, of the 
soln., the grain-size of the mineral, the temp., and time of action. Contradictory 
results have been published for the eflect of, say, 10 per cent. soln. of alkali-lye on 
quartz because the eflect of the size of grain has been overlooked. J. W. Mcllor 
showed that with^ sample of clear rock crystal, and a sample of flint from Dieppe, 
with a 15 per cent. soln. of potassium hydroxide : 

Average (jiameter of grain . 0166 mm. 0 032 mm. 

Kock crystal dissolved 0'06 6'40 per cent. 

Flint dissolved .... 2'62 1210 „ 

G. Lunge and M. Schochor-Tschcrny found with a sample of powdered quartz after 
2 hrs.' action, the percentage amount of quartz dissolved was: 

Potassium hydroxide solu. Sodium hydroxide sotn. 

* 10 pir cent. 6 per cent. 10 per cent. 6 per cent. 

Quartz dissolved . . . 21-36 * 16-84 19-80 16 20 

In 32 hrs. all was dissolved by a 15 per cent. soln. of potash-lye, and soda-lye required 
2 hrs. longer under similar conditions. F. Mylius and F. Forster confirmed the 
conclusion that the action of a soln. of potassium liydrolide on silica is quicker 
than that of sodium hydroxide. . 

J. A. Hedvall found precipitated silica was the only form of silica which 
reacted appreciably with calcinm Oxide at 1000°, though silica glass acts slightly ; 
the formation of a silicate occurred at 1400° with cristobalite, w-hile quartz did not 
act so rapidly. The formation of a silicate with barium oxide was ajiprcciable with 
precipitated silica at 900°, and increased slowly with rise of temp. No sign of 
reaction was observed with magnesium oxide at 900°. According to E. Jordis and 
£. H. Kanter, aq. soln. of the hydroxides ol the alkaline earths react slowly with 
finely divided quartz, forming the corresponding hydrated silicates; the systems 
were not in equilibrium after standing 16 days. The reaction is much faster with 
lime than with baryta or strontia —vide calcium silicates. According to K. Hebbcler, 
if kieselguhr be shaken up with water; allowed to settle; the clear water decanted 
off and replaced l.ry lime-water; and the lime-water he renewed daily 14 times, the 
sediment expands to nearly three times its vol. in water. No calcium silicate is 
formed, but calcium hydroxide is deposited about the •kieselguhr, and can be 
removed by repeated extraction with water. The action of lime-water on silica 
was studied by J. W. Dobereiner, A. PetzholdL etc. 

In making the so-called sand-lime bricks —used for building lairpofles—sand ia mixed 
with milk of limo ; pressed into the desired shape ; rapidly heated to 80" or 100" ; and then 
heated under a press, of from 5-10 atm. for 8 hrs. in an autoclave. The limo and quartz 
are thus bound together by a product which F. Biime bt-ht-ved is analogous with plombtertle, 
OaSiO,.2HiO, found by A. Daubrtio m tho deposits from the thermal eprings of i’lombitree. 
M. Glasenapp found that in any case, from 3 -10 per cent, of tho silica becomes soluble 
in acid, and this the more tho higher tho press, m the autoclave. Tho action of lime on 
silica in mortars has been studied by A. Petzholdt. 

L. J. Briggs 1’ showed that the general behaviour of soln. of the alkali cafbonates 
resembles that of ttoln. of the alkali hydroxides, but adsorption is more marked 
with the hydroxides than with the carbonates. Using A and C with the same 
meanings as before, with sodinm carbonate: 


A 

. 0-0004 0-0012 

0-0032 

0*0106 0-0366 

0-108 

CxlO* 

. • . 0-06 0 18 

0-97 

M3 165 

1-96 

and with potessiiun carbonate: 




' A . 

. 00029 

0-0093 

00302 

0*0910 

CxlO* . 

. 0*46 

0-76 

1*65 

24 


There have been difierences of opinion as to the action of the alkali carbonates, but 
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here again the result is largely due to differences in the grain size of the powders 
submitted to the reagent. G. Lunge and M. Schoehor-Tscherny found with a given 
sample after 2 hrs.’ action: 

Potassiu m car bonate moIh. S odium cy bonate soln. ^ 

15 Jiff wui. JO per cent. 5 per cent. 15 per cent. 10 per cent. Sperfenfc 
, Quartz dwHoIved . «-10 6-9C 6-36 10-92 ' 8-62 3'10 

With coarser powder the action is very considerably reduced. R. Schwarz found 
that with powdered (quartz and tridymite, of similar grain size, half an hour’s boihng 
with a 5 per cent, sodium carbonate soln. dissolved 2T1 per cent, of quartz, and 
277 per cent, of tridymite-wife supra, corrosion iigures. The action of soln. of 
alkali carbonates on silica has been studied by G. Forcbhaminer, F. Ffaff, L. Doveri, 

T. Scheercr, 0. Ma.scbke, etc. J. W. Cobb found that mixtures of silica and sodium 
cafbouate begin to react at about 7(X)“, nearly 150° below the m.p. of the more 
fusible constituent of the mixture. For the' action of fused alkali carbonates, 
infra, alkali silicates. ' 

J. W. Cobb found that sodium sulphate begins to react with silica between 
1120° and 1130°. J. M. van Heinmclen ** investigated the adsorption of soln. of 
salts by silica, 10 grins, af gelatinous silica dried at 100° in contact with a soln. of 20, 
50, and 100 ingrnis. ei[. of salt per UXI c.c. of soln., adsorbed respectively I'O, 2'5, 
and 4-56 ingrins. eq. of potassium sulphate ; and with soln. containing 20 and 50 
mgrins. eq. of salt jier 1(10 c.c., respectively 0 9 and 2’I4 mgrms. cq. of potassium 
nitrate, and 0-85 and 2-lt) of potassium chloride were adsorbed. The quantity 
adsorbed is roughly proiiorlioiial to the cone, of the soln., but with the more cone, 
soln. the amount adsorbed is leas than corresponds with this relation. The 10 grms. 
of silica employed by J. M. van Bemmelen contained the cq. of 5'5 c.c. of water, 
and he noted that the amount of salt adsorbed corresponds to a bodily removal of 
from 4-4'5 c.c. of the soln. This suggested that when the silica was put into a 
soln., the water it contained was replaced by an equal vol. of the soln. G. C. Schmidt 
obtained results with potassium chloride in agreement with those of J. M. van Bem¬ 
melen, and he concluded that dissolved substances are taken up by precipitated 
silica mainly in the form of-jjolid soln. rather than through adsjrption processes. 

A. Schuller founil that sodium cbloride may be sublimed under reduced press, in 
quartz vessels. F. Seem^nn,W. Mellor, V. Lenher and E. Truog, and A. F. Joseph 
and J. S. Hancock studied the effect of sodium chloride on the solubility of silica. 

J. W. Mellor suggested that the ^tjubility of silica in soln. of sodium chloride 
is duo to the formation of a sodium silicate. This suggestion was confirmed by 
A. F. iloseph and J. Hancock. H. C. McNeil noted the solubility of silica in 
fused barium cbloride. ' 

G. Speziafound that a 5 per cent. soln. of borax dissolved about 74 mgrms. 
per sq. cm. in 4 days from a polished plate of quartz between 290° and 315° under 
a press, of 7ti-10t) atm.; but virtually none was dissolved in 20 days between 
12° and 1(1° and btXX) atm. pn-ss. The action of borax soln. was also investigated 
by E. Schweizer, and L. lioveri vide supra, corrosion figures. G. Spezia also 
found analogous results with a soln. of sodium siUcate, under a press, of 6000 atm. 

- -there was virtually no action between 18° and 20°, and an appreciable action 
botweeq 165° and 160°—vide supra, corrosion figures. C. Doelter has studied the 
solubility q1 quartz in certain fused silicates— sanidiue, albite, and labradorite— 
and C. Friedel found that fused potassium bisulphate slowly attacks quartz, and 
produces corrosion figures which change their symmetry at a temp, corresponding 
■ with the optical mutations at 570°. P. Hautefeuille studied the solubility of ' 
silica in fused sodium tungstate - eidc supra. 

A. Schuller 21 found that silver sulphide and lead sulphide are readily sublimed 
in quartz vessels under reduced press. L. Troost and P. Hautefeuille fopnd that 
aluminium chloride and sdiconium chloride have no action on heated silica. 
According to W. Skey, finely divided, feebly calcined silica decomposes aq. soln. 
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,,[ chromic, CQ^C, or ferric acetate, and precipitates the hydroxide. Quartz also 
■li'coDiposes ferric acetate soln. 

In 1664, J. E. Glauber, in his Novum lumen chymicum (Amstelodaini, 1664), 
noted the reaction between sand and any alkali salt; and in 1809, J. L. Gay Lussac 
and L, J. Thenard^s observed that silica and sodium chloride react to form hydrogen 
chloride and sodium silicate; but in the absence of moisture, no reaction occurs 
even at a white heat. C. F. Schonbein made a similar observation. As previoush' 
indicated—2.20,13—sodium chloride is readily dissociated by steam at an elevated 
temp. F. de Lalande and M. Prud’homme, and H. Schuke noted that chlorine is 
also formed with dry oxygen; and A. Gorgeu observed that there is a reaction 
between heated sodium chloride and silica in dry or moist air. The reaction has 
been further discussed by E, A. Tilghman, W. Gossage, E. Lieber, A. Blanc and 
T. P. Bazillc, T. Williams, 6 . Fritzsche, H. Griinebcrg and 3. Vdrster, H. H. Lake, 

0. F. Claus, and A. Ungerer—2. 20, 28. According to F. H. Clews and 
H. V. Thompson, silica and sodium phloride when strongly heated internet to give, 
in dry air, sodium silicate and chlorine; ins moist air, sodium silicate, hydrochloric 
acid, and a small quantity of chlorine; in moist nitrogen, sodium silicate and 
hydrochloric acid. The lower temp, limit of the reaction is about 6 (K)°, and the 
extent of the reaction is still very small at lOOO". A rise in,temp, and the presence 
of moisture increase the velocity of the reaction. The results obtained by varying 
the proportions of sodium chloride and silica indicate that the area of contact is 
more important than the composition of the mixture, unless the proportion of 
salt falls much below 50 per cent. H. V. Thompson, W. ,1. Eecs, L. M. Wilson, 
and A. K. Findley, have studied the reaction from the point of view of the 
re.sistance of silica bricks to the fumes of alkali and ammonium chlorides when 
salty coals are employed in coke ovens, and vertical gas-retorts. The temp, in 
the former case is comparatively low, but the action is prolonged month after 
month, so that drastic changes can be produced under conditions where the elfects 
are inappreciable in ordinary laboratory exiieriments. According to F. H. Clews 
and H. V, Thompson, quartz is more reactive than precipitated silica or tridymite 
at 1(X)0°. This does not agree with observations made in other directions. 

W. Loitenstein measured the solubility of silica in molten calrium chloride, and 
found: ’ • 

SCO" S.',(C IHSr 05»" 

Per cent. SiO, . . 2-6 3-8 • ,'i'4 7-6 

and he calculated the heat of soln. to be—19,245. Thereis a reaction, SiOa+Gatlo 
=Ca 8 iOs-t-C'l 2 . G. Marchal found that silica begins to reset with calcium sulphate 
at 870°. 
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§ 20. The Uses o! Silica 

• As [ir(‘vii)U.sly indicated, quartz was fused in the flame of the oxyhydtogen 
bl(iw[ji|)i' by U, Hare.t in 1802 ; and later by E. D. Clarke, and others—eidc supra, 
the melting nt silica. In 1859. ,A. Gaudin noticed that the glass obtained by melting 
quartz docs not exhibit double retraction, and he also showed that the molten 
quartz can he worked like glass, and ho made threads of fused quartz over a metre 
long. A. (iauticr exhibited spiral threads of fused quartz in 1878. C. Despretz, 
and C. A. Parsons fused silica by passing an electric current through a carbon rod 
embedded in sand, and thus obtained a hard finsed silica tube. No industrial use 
, for quartz-glass had been, found until C. V. Boys, in 1889, showed that the low 
coofl. of thermal expansion, and the toughness of quartz-glass fibres rendered it a 
valuable means of suspending the magnets and mirrors of galvanometers. In 
1901, R. S. Hutton, and W. A Shenstone prepared quartz-glass, and laid the 
foundation of an industry for the manufacture of vo.s.scls of vitreous quartz. Various 
namia are applied to the vitrified quartz—thus, iiuarlz-ijlass' vitreous-silica, fused 
qmrtz, siliaa-qlms, vilreosil, etc. Vessels made of this material—tubes, flasks, 
retorts, dishes, etc. -can now he used for various apparatus required in laboratory 
or factory. 

The manufacture of vessels of quartz-glass offers many difficulties. Eor 
example, the elimination of air entangled between the grains during fusion is not 
easy. In W. C. lleraeus’ - process the quartz is first heated to nearly 600° so as 
to shatter it up into small pieces. The fragments are then fused in crucibles— 
made from iridium, or a mixture o^ alumina anif zirconia. Small quantities of the 
material can be worked in the oxyhydrogon flame like glass in the ordinary gas 
blowpipe. In another type of .silica ware, an electrode of the desired shape is 
embedded in good quartz sand, and heated electrically. The material near the 
electrode is sintered together; that furthest away is not fused. The electrode is 
removed when the furnace cools, and a ves.sel with an internal shape like the electrode 
remains. The vessel can be dressed by grinding, etc., and the inner surface can be 
vitrified by the oxhydrogen blowpipe. This ware is translucent or opaque, and 
permeated with numerous air-bubbles. In order to eliminate air-bubbles the British 
Thomson-Houston Co. fuses the quartz in vacuo, and compresses the plastic mass. 

Thi! trade name for a product obtained by fusing silica with 0'l-2 per cent, of 
zirconia is called Z-siloxidc; and if titania is used, T-siloxide, F. Thomas 3 states 
that thesfi products are less liable to devitrification than vitreosil, or quartz- 
glass, but A. C. Michio denies this, and claims that these additions make quartz- 
glass more liable to devitrification. F. Thomas also clajms that the siloxides 
reaist attack by alkalies and molten metals better than quartz-glass. 

In virtue of its very small coeff. of thermal expansion, vessels made from quartz- 
glgss can be rapidly cooled or rapidly heated without cracking; for instanSe, a 
flask made of quartz-glass can be heated red-hot in the blowpipe, and immediately 
plunged into cold water without fracture—ordinary glass under the toe con¬ 
ditions would shatter into fragments. The softening temp, approaches 1600°, 
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although long pyrometer tubes, if not adequately supported, will bend if heated 
10 1200°. This might be anticipated since-quartr-glasa—bke ordinary glass—is 
in under-cooled fluid, which, at ordinary temp., is viscid enough to be rigid and 
liard, but which, on heating, becomes less and less viscid. Lord Eayleigh detected 
evidence of a crystalline structure in a specimen of quartz-glass. The absence of 
a definite m.p. also explains the discrepancies between the different reports of the 
m.p. of quartz-glass.t Quartz-glass has no real melting temp. If heated for. 
long periods—say at 1200°—quartz-glass devitrifies owing to the formation of 
crystals of cristobalite or tridymite (Kg. 26). The glass then becomes opaque, 
brittle, and doubly-refracting. Vessels made of quartz-glass also cease to be gas- 
tight.t The crystallization introduces tremendous strains in the body owing to 
the contraction which takes place about each centre of crystallization. The 
,sp. gr. of the opalescent or devitrified glass approaches 2 3. The properties of 
quartz-glass—physical and chemical—have been described in connection with 
those of silicon dioxide. , ‘ 

Sandstone and quartzite are used for building atones, grinding stones, whet¬ 
stones, runners and pavers for grinding pans, etc. In making firebricks, ground 
sandstone, ganister, quartzite, or a similar rock is intimately mixed with a little 
imlk of lime so as to add a total of say 2 per cent, of calcium oxide. The mixture 
i.s moulded into bricks, and fired to 13fX)°-15(X)°. The resulting ganister bricks, 
silica bricks, or Dinas bricks are highly refractory—in some eases withstanding 
furnace temp, approximately 1700°. This is higher than the fusion temp, of the 
bricks. The bricks maintain their form because the high temp, affects only the < 
face of the brick ; the bricks arc cooler « short distance from the face. Instead 
of lime, other binding agents are used— e.g. clay, basic slag, etc. The siliceous 
rock may be associated with enough clay to render further additions unnecessary. 

If the silica bricks are inadequately fired, they may expand inconveniently in use; 
this is due to the slow conversion of quartz into forms of sibca with a low sp. gr. 

A little expansion is not a bad thing, for it may help to keep the joints of Hues, etc., 
tight. Quartose sands, ground Hint, ground quartzites, and the like are also used 
in the manufacture of soaps, white paints, polisliing powders, soluble glass, cements, 
enamel*, glazes, glass, and in the ceramic industries. 

Many of the gem varieties of quartz are shaped into ornaments and gem-stones. 
Oiatomaceous earth or kieselguhr—wrongly called infusorial earth —is used as a 
polishing powder, and in the manufacture of soaps as a* substitute for pumice- 
stone. Tho absorbent properties of kicselguhj.are utilized for the preparation of 
solid disinfectants by the absorption of liquief antiseptics for the dry dressing of 
wounds; and for the absorption of bromine, sulphuric acid, and nitroglyccrol. 
Kieselguhr soaked in nitroglycerol Uncalled dynamite. The poor heat-condbeting 
qualities of diatomite make it a valuable insulating and fireproof packing for 
heating furnaces, powder magazines on board ships, cold storage rooms, etc. Diato¬ 
mite bricks are also very light and porous, and are poor conductors of sound. 
K. Hebbeler ® has discussed the increase in vol. which occurs in sedimented kiesel- 
guhr when the water is replaced by lime-water--eidc supra. Silica was found by 
0. H. Milligan and co-workers t to be a better catalyst than either thoria or titania 
for esterification reactions in the vapour phase. W. A. Patrick described the prepara¬ 
tion of silica hydrogels as catalysts when fortified with various metal colloids as 
promoters; and J. N. Pearce and A. M. Alvarado, the effect of silica as a fiatalyst 
in esterification. 
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§ 21. Silicic Acids ot Colloidal Silica 

Colloids and crystalloids a])poar to belong to different worlds of matter, and give 
occasion to a corresponding division of chemical science. The distinction between these 
kinds of matter is that subsisting between the material of a mineral and the material of an 
organized mass.— T. Graham. 

* • 

The natural forms of auiorphous hydrated silica are classed as opals—vide 
supra, tho occurrence ot'silica. The gelatinous masses obtained by tri'ating with 
acids soluble alkali sibcates, zeolitea^and many other natural silicates, are sometimes 
called silicic acids. The history has been discussed by P. Walden,^ and K. Friihling. 
According to L. Doveri,^ when hydrochloric acid is added drop by drop to a soln. 
of an aikali silicate, th« greater part of the contained silica is precipitated as hydrate, 
but if the same quantity of acid be added at once, very little of the silica is deposited. 
T. Graham prepared tho hydtogel of silicic acid by pouring cone, hydrochloric acid 
into a cone. soln. of sodium silicate containing about 25 per cent, of silica, SiO-^, 
and washing the precipitated sibca free from soluble salts. H. A. Fells and 
J. B. Firth said that the removal of the sodium cliloride before or afUr heating 
makes no material difference to the adsorption capacity of silica gel for water. 
The hydrate was made by F. C. Kuhlmann, F. Uliik, P. Rohland, E. Jordis, 
W. Kiihno, J. M. van Bemmelen, F. Bayer, \V^ A. Patrick, P. G. Somerville and 
E. 0. Williajms, F. X. Govers, B. Kiihn, J. H. Frydlender, etc. E. Jordis said that 
the precipitate is liner and more fiocculent the greater the dilution of the soln., 
and that in this state it can be readily washed. Tho following process may be 


Dissolve 60 grms. of commercial precipitated silica in a soln. of 12 grms. of sodium 
hydroxide and 60 o.o. of water. Dil. the soln. to 200 c.o. and heat the liquid to about 
100°; add hydroohlorio acid. Wash the precipitate on a Buchner’s funnel with hot water. 
Again stir up the hydrogel with hot water, and wash on the funnel until free from 
oUorides. Sodium s^ts are more easily washed from the silica than potassium salts. 
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J. J. Berzelius obtained the gel by treating silicon tetraflnoride with water 
I', Langlois used silicon tetrachloride; J. J. Ebelmen, ethyl orthosilicate; 
li. Grimaux, methyl silicate. B. Kempe considered the hydrolysis of ethyl ester 
to be too slow a process. A. C. Becquerel also observed the formation of gelstiiioiia 
.silica about the positive pole when a soln. of potassium silicate was electrolyzed ; 
and M. Kroger found that by the electrolysis of a 1'5 per cent. sohi. of water-glass 
between a merculy cathode and a platinum anode a clear hydrosol of silicic acid 
which did not gelatinize for 4 weeks collected in the anode compartment; the sol 
from a 6 per aient. soln. of water-glass gelatinized immediately it was formed; 
and with a 30 per cent, soln., silica was deposited on the anode. J. F. Spencer 
and K. Proud made orthosilicic acid by the electrolysis of a 50 per cent. soln. of 
■sodium silicate in a divided cell with a heavy anode current-density. A platinum 
dish served as cathode, and a coil of platinum wire in a porous pot served as anode. 
The glass-like deposit on the platinum wire was entirely insoluble in water, and 
stable in air. H. C. A. Hollcraan * described the manufacture of silica g(d for use 
as an adsorbent. . 

By adding 100 c.c. of a mixture of equal parts of cone, hydrochloric acid and 
water, slowly, drop by drop, and with constant stirring, to a soln. of water-glass, or 
to a soln. of 60 grms. of sodium mctasilicate in 200 c.c. of water, silica hydrosol or 
soluble silica is formed. The silica hydrosol remains in soln. along with the excess 
of hydrochloric acid and the sodium chloride formed in the reaction: Na. 2 Si 03 -l- 2 HCi 
r=^H 2 Si 03 -|- 2 NaCl. The hydrochloric acid and the sodium cldoridc can bescparate<l 
from the hydrosol by dialysis (Fig. 51). T. Graham found that after four days’ 
dialysis, the liquid in the dialyzer was no longer rendered turbid bv a soln. of 
silver nitrate. E. Jordis, on the contrary, maintained that the chlorine is a con¬ 
stitutive part of the silica in soln., but E. Zsigmondy 
and B. Heycr confirmed T. Graham’s conclusion 
that the chlorine can be all removed by dialysis; 
and, in order to ensure rapid dialysis, the dialyzer 
dlustrated in Fig. 51 can be used in place of the 
•simpler form used by T. Graham. In the improved 
apparartus a current of water is kept circulating about 
the outside of 'the dialyzing membrane. The’* 
dialyzing surface is also relatively great, so that 
the operation is much quicker than before. 'The 
liquid in the dialyzer is protected from dust by^ plug 
of cotton wool. Acetic acid (E. M. Plcssy), oxabc 
acid (E. Monier), and sulphuric acid (S. Meunier) have “ 

been used in place of hydrochloric aiid. Hydrosols ' y"> • • 

of silica have been obtained in many other ways. 'The dialysis of colloidal silica 
has been discussed by E. Zsigmondy. E. Grimaux prepareil the hydrosol by heating 
fi grms. of methyl orthosilicate with 200 grms. of water in a flask fitted with a reflux 
condenser; concentrating the liquor to about three-fourths its vol,; and evaporating 
off the alcohol. The preparation of silica hydrosols has been investigated by 
W. Spring, E. Ebler and M. Fellner, etc. E. Jordis studied the formation of 
hydrosols by the peptization of the hydrogel. E. Fr^my reported the formation 
of a hydrosol of silica by the action of water on silicon sulphide, SiS^; hydrogen 
sulphide gas is evolved at the same time: SiS2-i-2H20-==2H2S-l-Si02e J.* J. Ber¬ 
zelius made the sol .by the action of silicon fluoride on crystallized boric acid, and 
removed the boron and fluorine compounds by treatment with a largo excess of 
aq. ammonia, i Bradfield removed the excess of precipitant used in making 
silicic acid by means of the centrifuge; F. Bayer, by pressure; and G. Bruni, 
and B. L. Vanzetti, by freezing. E. Schwarz prepared sols of silicic acid by 
evaporating a soln. of silicic acid in ammonia over dil. sulphuric acid. 

The hydrosol of silica obtained by dialysis has about 5 per cent, of silica, and 
it can be cone, by boiling in a flask until it contains about H per cent, of silicic 
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acid, but if boiled in an open flask a ring of insoluble silica forms round the margin 
of the liquid, and this soon causes the whole to gelatinise. The pure silica sol 
so prepared is a limpid colourless liquid which gelatinizes, or assumes the hydrogel 
condition, on standing a few days. The longer the sol has been dialyzed the longer 
it may be kept without gelatinizing. The passage of silicic acid from the sol to 
the gel condition is retarded by the presence of a little hydrochloric acid, or sHrali 
hydroxide, and is accelerated, by a little sodium carbonate, or by contact with 
powdered, inert solids, say, graphite. Dialyzed or soluble silicic acid does not give 
a luminous beam with Tyndall’s optical teat, showing that the dissolved particles 
arc not large enough to scatter light. J. H. Bcchhold filtered the sol through the 
so-called colloid filter of biscuit earthenware. The first sign of the coagulation 
of the solu. appears as a feeble opalescence in the track of the beam, and this 
gradually increases in intensity. C, F. Bohringer obtained highly dispersed sols 
of,silica by treating silica or other silicon compounds with ammonia to form 
ammonium silicate and subsequently expelling f^he ammonia by heat. The coarser 
particles can be removed by ultrafiltrtrtlon or dialysis. M. Kroger described the 
preparation of silica hydrosol. 

Silicic acid gels were prepared by H. N. Hohnes < by the action of various acids 
on soln. of sodium silicate of different cone. He measured the effect of temp, and 
the effect of the cone, of the acid on time of gelatinization. While W. Flemming 
found the rate of gelatinization depends »n the cone, of the silicic acid, the temp., 
and the catalytic idfect of acids or alkalies, H, N. Holmes showed that the dehy¬ 
drating influence of non-ionized molecules of the acid is of importance. It may 
hapjten that jirecipitates of gelatinous silica prepared in a particular way, or dried 
at a particular temp., have a definite composition, but each of the compounds 
so reported repre-sents an arbitrarily selected point on a continuous curve. Thus, 
according to 0. Maschke, if the precipitate be dried in air, it contains from 13 to 
36 JKT cent, of water—the two extremes thus approximate with flSiOa.HjO and 
Si02.2H20 respectively; and, according to E. Jordis, silica precipitated from dil. 
soln. of water-glass contains about 94 per cent, of water, F. Ullik dried gelatinous 
silica in air and found that it approximated to SiO^.HjO. K. Meldrum said that 
only the hydrate dried over, cone, sulphuric acid has a definite composition, viz. 
3Si().2.ILO. ,1. N. von Fuchs*found a sample precipitated by passing silicon tetra- 
fluoride into water, contained 9-l-9’6 per cent, of water after drying over sulphuric 
acid for 30 days, and thus corresponded with .3Si02,Ho0; and E. Fremy found 
that when dried in vacuo, the hydfate corresjionded with 3Si()2.2H.20. V. Merz 
found that the freshly prepared, and aged silicic acid lost water at different rates. 
Thus, Ihe [lercentage water-contents at different temp, was: 

00" 70" 80" oS" 100° ISO" ICO" 200° 

Aged . 8 -»G — 7-46 G'90 B-24 — — 3-37 

Fresh . —- 6-!)3 — 4«4 4'26 3-6 3'0 — 

.1. Gottlieb found that after 4 to 0 weeks’ drying in a eurrent of air at 100°, 
a sample contained 4'47 per cent, of water; after drying in an air-bath between 
180° and 200°, 419 per cent.—this result was taken to correspond with the hydrate 
eSiOj.HjO; L. Doveri also found that the product, dried slowly in air at 100°, 
contained 8’3-9'4 per cent, of water; at 120°, only a traec of water. J. W. Mellor 
showedsthqf the rate of dehydration of silica precipitated by acid from cone, and 
dil. soln. of sodium silicate, is faster in the latter case : 

Time at 800" (min.) ... 2 10 20 30 

T Tj A ifrora cone. soln. 1*60 4'25 ' &-72 6‘18 

Loss ,,il 4.49 9.45 • 8.,2 10.04 

L. Doveri’s product dried over quickbme in vacuo was repteseuted by 3Si02.2H20; 
W. K. Sullivan’s product, obtained by adding hydrochloric acid to a soln. of basic 
potassium silicate and drying the gelatinous mass in vacuo, or in dry air, "was also 
represented by the same formula; when dried at 100°-120°, 3SiOj.HjO was said 
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to be formed. A. Souchay, J, J. Ebebnen, and H. Rose also made observations 
on this subject. E. Jordis said that the'silicic acid which separates from dil. 
water-glass soln. contains 94 per cent, of water. Most, if not all, of these hydrates 
are but arbitrarily selected states in a continuous series between the sol of silicic 
acid and dehydrated silica, and are represented by arbitrarily selected points on a 
continuous drying curve. According to T. Carnelley and J. Walker, the dehydration 
or time-temp, curve shows a terrace just below 100°, but is otherwise continuous’. 
A similar terrace is characteristic of many other colloids. B. L. Vanzetti dehy¬ 
drated silica gels by evaporation and freezing. There was no evidence of the forma¬ 
tion of definite hydrates. The composition of the product depended on the initial 
cone, of the soln. and the age of the gel, and not on the temp, of freezing down to 
—200°. R. Schwarz and F. Stowener inferred from their observations on the effect 
of ammonia on silica gels, that the ageing consists of a dehydration of ])riniary 
particles which originally held much water, and in a strictly chemical sense, it is 
probable that dehydration or polyftierization also occurs. 

In analysis, the soln. containing tho silica which separates when the silicate is treateil 
with an acid, is evaporated to dryness with the object of making it insotuhle, and the product 
is baked at 110'^. The product is digested with water or dil. acid, and the soluble matters 
containing calcium, magnesium, and aluminium oxides, etc., mtcred off. Tbo rosidue, 
silica, is washed and dried. The higher the temp, and the longer the tune of drying, the 
less the amount of silica which passes into sotti. There is a limit to the tcnii>. of desiccation 
on account of the recombination of silica with the bases. W. h'. Hillebrand. for instance, 
showed that inagnosia and silica, under these conditions, combine at about 120". A 
second evaporation of the soln. is therefore recommended to recover that which passes 
into soln. in tlio extraction after the first evaporation. This subject bus been fully 
discussed by J. VV. Alellor. 

• According to T. (iraham,'’ ('. Roberts, etc., if a cli'ar soln. of dialyzed silicic 
acid be evaporated in vacuo at l.'i", a clear transjiarent jelly i.s obtained which, 
when dried over sulphuric acid, has ajiproximately the composition HjSiOa, that 
is, Si0.i.H20, or SiOfOHjj, and it has been called metafiilicic add. According to 
V. (.1. Butzureanu, an acid of the same compo.sition is obtained by treating gelatinous 
silicic acid with ajisoliite alcohol. W. K. Sullivan nifide this hydrate by exposing 
hard, semi-translucent silica to dry air for some montlis; and J. J. Ebclmen inade 
it as a glass-like mass by exposing silicic ether to moist air. D. Hayes obtained 
a crystalline mass, approximating Si 02 .(iH 20 , in the eva’poration of sugar soln.; 
but C. Doelter observed no signs of crystallizjrtion after shaking the hydrogel for 
many months. T. H. Norton and I). M. Roth obtained a hydrate aii)iroxiinating 
to the composition of orthosilidc add, H 4 Si 04 , that is, Si 02 . 2 H 20 , or SijOH) 4 , 
by washing gelatinous silicic acid sutcessively with dried ether and benzene, and 
by squeezing the product between folds of filter-paper. The product loses water 
when exposed to air, and also in contact with absolute alcohol, or some other 
absorbent medium. H, Hager claimed to have prepared microscopic crystals of 
the hydrate SiOa.SHjO, or SiOj.iH^O, by the action of cone, hydrochloric acid on 
a siliceous limestone. C. Struckmann also reported the formation of erystalline 
needles of a hydrated silica. These results have not been confirmed ; the, nearest 
approach which F. Cornu could make was to produce “ regularly oriented cracks ” 
when gelatinous silica, derived from many zeolites, contracted on drying. 
E. Grimaux assumed that the hydrosol was orthosilicic acid which wheff gelatinized 
passed into a more complex mol. Nothing is known which precludes the existence 
of definite crystalline.forms of silicic acid, although their existence has not been 
established by unimpeachable evidence. Like sulphurous and carbonic acids, if 
the silicic acids are formed, they probably dissociate so readily into water and 
silica that, as emphasized by V. Lcnher and others, there is no satisfactory evidence 
for assuming the existence of definite hydrates. In any case, it is almost certain 
that in ^he hydrogel, the water is not chemically combined with the silica, and the 
so-called silicfoacids are to be regarded as adsorption products. Be this as it may. 
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a large number of compounds of silica with basos—silicatss—are known—d large 
number occur in nature as distinct mineral species, and many others have been 
prepared artificially. Tlicse salts can be referred to unknown silicic acids, derived 
by condensation and dehydration from orthosilicic acid, and called by A. Wurtz ® 
les acides jxdtjsihqnn. , 

Many of these silicates arc salts of orthosilicic acid, E. Martin has assumed 
fhat in the normal silicon hydroxide, Si( 0 H) 4 , two of the hydroxyl groups are basic, 
and two are acidic at low temp., while at higher temp, all are acidic.. Combination 
between molecules of silica nuiy occur through oxygen, but never directly. With 
these hypotIiese.s, E. xMartin has cxplain(^d the behaviour of silicic acid, prepared 
in tlificrent ways, towards acids, water, and alkalies. claimed that there is a 
tendonoy to form groiifw of bSiO.^. When calcium silicate, made by heatmg at 
1200 ®, a mixture of calcium carbonate and silica (2 : 1 ), is dissolved in acetic acid, 
and the lime nunoved by ammonium oxalate, there remains a soln. of silicic acetate. 
This slowly hydrolyzes, forming a hydrated silica^)Si 02 . 4 H 20 , if dried in a desiccator, 
or SSIOm. 2110 . 2 , 1^1'- Hynrated silica [)rcpared by treating calcium 

silicate with hydrochloric acid, has the composition 5Si02.2H20, if dried in a desic¬ 
cator. and 58102.1120 if dried at 100®. Ifc also reported 108102 . 5 H 2 O, or 
( 11281205 ) 5 , and 58i02.^[20, or (ILSiO^js If. Schwarz and K, Menncr'^ have 
dehy<lrated silicic acid by means of ace(oni‘ and shown that metftsiiicic ftcid, 
l{ 28 i 03 , is stable below Silicic acid*made by the action of 80 per cent, sul¬ 
phuric acid on sodium rhetaailicute at 10 ®, shows dedinite breaks in the drying 
curve at 2 ()'. corresjjonding with mesodisilicic acid, H2Si205. and mesotrisilicic 
8 Cid) iriSi;jO« ; the former i.s indicated lielow under the Jiarne datolitic acid, and 
tfic latter a.s garnatic acid. Mcsotri.silicic acid Is not stable above 52®. There 
wen* also indications of the ])oasil»lc (‘\istencc of two hydrates, 128 iO.,. 10 H 2 O, or 

mesohexasilicic acid, Ili„ 8 ifl 0 i 7 , ami f 28 ! 02 . 9 H 20 , or mesotetrasilicic acid, 

llflSi^Oi i. Kor the nomenclature, rule infra. Table X. 

F. Kinne found that the silicic acid ol)tained by treating zeoli((*.s witli acids 
has H definite structure, and is doubly refracting ; while E. Jordis showed that the 
silicic acids derived from the dilferent alkaline (‘arth si!icat(*s Inave diO'er^vit ten¬ 
dencies to pa.ss into the so^ condition. According to G. T.s(Vn>rmak, diHorcnt 
silicic acids -Q. Tschermak’s siUciC acids -arc obtained by treating et'rtain natural 
silicates with hydroehloric acid, an<l tlic.scacids may hi^ regarded a.s the fundamental 
acid of the. particular silicate in cjucstion. G. 'Eschermak prej)ar(‘d tlii'se acids by 
tnuiting the powdereil .silicate witlMiydrochloric acid at about 00 "; washing the 
liberated .silica hydraU\s; and all(>wing the product to dry slowly in air. The slope 
of the.curve, .showing th<* relation between Jhe loss of weight and time, changed 
abruptly at a certain temp, which G. Tsehermak suf>po.scd represented a transition 
from the evaporation of adsorbed water to dehydration by the loss of chemically 
combined water. G. Tsehermak further su|»po.s(‘d that at the transition temp, 
the composition of the hydrated silica corro.sponded with that of the mineral re 
garded as a salt of the acid. The suppo.s(‘<l acids were further distinguished by 
their behaviour towards methylene l)lue--.4. Saida's reactum -ioT those acids 
richest in water were found to be coloured more intensely than acids wdth less water. 
V. Iskyul studied the solubility of silica in rnany minerals. According to 
G. Tselwrmak: 

(I) Orthoniliric acid, is obtained by tho dt'composition of silicon tetraciilorido 

by water, and by the a<?tion of hydrochloric acid on ortiioailiq^fcs—natrolitc, diplase, 
scolezitc, willoinibs montioollite, calamine. Its sjx gr. at 17® is 1-57U, and it is coloured 
bluish-black by inethylono blue. (2) Metasilicic ociii, HjSiO,, is obtained by the action 
of hydrochloric acid on anorthito, olivine, or liovrito. Its sp. gr. is 1‘8I3, and it is coloured 
Prussian blue by methylene blue. (3) Datolitic acid, HiSiiOj, is obtained from datolite, 
gadolinitv, euclase, and homilite (r'idr supra). It has a sp. gr. of 2197 and forms a light 
prussiw-blue tint with inethyloue blue. (4) Lcucitic acid, is a polymer of 

metasiliric acid obtained from h'ucito. Its sp. gr. is 1 -834, and it is coloured pak pnjssiflui- 
blue by methylene blue. (6) Serpontinic acid, H,Si|On, a polymer of leucitic acid, is 
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obteined from serpentine, bowenite, or antigorite. Its sp. gr. is 1-809, and it forms a 
light prussiamblue tint with methylene blue. It does not gelatinize like metusilicio aoid. 
(6) Qamitic acid, H 4 Si 808 , derived fromgrossular, epidote, zoisite, or prenite {vide supra). 
It has a sp. gr. 1-910, and it is stained pale or light blue by methylene blue. (7} 
add, HjSijO,, is obtained from albite. It has a sp. gr. 2*043, and it is not coloured by 
methylene blue. (8) Pectolitic acid, HjSi jO*, is derived from pectolito or woUastonito. It 
is ftot stable when isolated. Its sp, gr. is l-810-l‘810. It forms a deep prussian-bluo 
tint with methylehe blue. (9) Sepioliiic add, H^SigOi, is obtained from meerschaum. 
Its sp. gr. is 1*763, and it forms a prus^an-blue tint with methylene blue. (10) (Jhrysdylxc 
add, is derived from chp^sotyle or serpentine asbestos. Itasp. gr. is 1*726 (17®), 

and it lorms a prussian-blue tint with methylene blue. (11) HartnUomtc acid, HgSijO,., is 
derived from harmotoine, and it forms a pale blue with methylene blue. (12) UeulandUic 
add, H|oSieO|7, is derived from heulandite, and it forms a pale prussiaii-blue with 
methylene blue. 

J. M. van Bemmclen doubted if these silicic acids are chemical individuals; 
and H. le Chatelier said that no change in the appearance or consistency of gelatinpus 
silicic acid could be detected after^heating 6 hrs. at 320®; and he concluded that 
silica, like chromic trioxide, docs not fornf hydrates, but on account of its insolu¬ 
bility remains in an extremely fine state of subdivision when precipitated. Accord¬ 
ing to K. Jordis, the work of J. M. van Bemmclen on the vap. press, of the gels of 
silica shows that the amount of water in a gel is proportional to the partial press, 
of the water in the surrounding atm. 0. MUgge lias shown that the differences in 
the rates of drying observed by G. Tsthermak depend on the temp.; and the 
observed changes cannot be supposed to differentiate between absorbed water and 
chemically combined water, and tliey give no basis for the deduction of the formulte 
arbitrarily assigned by G. Tschennak. As J. M. van Beinmelen has shown, silica 
hydrogels are colloidal absorption compounds of indefinite comjujsitiou, and 
changes in the rate of d<‘Jiydration, and tiie effects on methylene blue are probably 
due to changes in this mechanical structure of the hydrogel brought about by the 
gradual reinoval of water. J. Splicliai found that the character of the silicic acid 
depended on the nature and couc. of tlie acid employed for decomposing the silicate. 
P. Pascal found that the silicic acids beliavi* magnetically like mixtures of the 
anhydrous oxide and water, and lend no sujiport to the assumption that definite 
silicic acids exist., .). S. Anderson obtained no evidence of the formation of definite 
hydrates in his study of the ad.sorptiou and evolution of liquids from silica gels. 
H. N. Holmes studied the formation of gel .silicic acids. Consequently, the real 
existence of 6. Tsehermak’s acids has not been satisfactorily established, but the 
idea may have some uses in developing a syatem of classification of the silicates. 

F. Mylius and K. Groschuff ® have shown that if, at 0°, the eq. of two mols 
of hydrochloric acid be added to a soln. containing one mol of sodium silicate, 
Na 28 i 205 , with the eq. of 2 grms. of’silica per ItX) c.c., the resulting a-siUcic add 
does not precipitate albumen from a soln. containing the white of an egg; but on 
standing some time, or on warming, the a-silicic acid acquires the property of 
precipitating albumen. It is therefore considered that a-silicic acid passes into 
^-siUciC add. The j3-acid is also precipitated by methylene blue and by sodium 
hydroxide. The electrical conductivity and the lowering of the f.p. change in the 
passage of a-si!ica to the j3*acid. The a-acid gives results which cofrespond 
with a mol. wt. of 155; the ^-acid with a mol. wt. approaching 49,000. Conse¬ 
quently, the transformation is considered to be due to a polymerization of the 
a-acid. T. Graham concluded that the molecular weight of colloidal^ siltca roust 
be very great bedause its acidity is neutralized by such small proportions of alkali, 
and A. l^banejeff concluded from the lowering of the f.p. that the mol. wt. of silicic 
acid must exceed 30,000. The attempt to determine the mol. wt. of colloidal 
sospensions by osmotic preiM. phenomena is quite illogical because the whole 
argument on which the methods are based, is alone applicable to homogeneons 
sola, aqd not to homogeneous suspensions. R. Schwarz and 0. Liede conclude 
from the behaviour of siUca gel when slowly dried at ordinary temp., that the ageing 
process consists in the condensation of (SiOj)* to (SiOslgc, and that this occurs 
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without any change in the appearance of the gel; further changes in the system 
SiOg-HgO then occur, leading to the formation of ( 8102 ) 3 *, which is indicated by 
the incipient formation of cloudy particles in tho- colourless, transparent mass. 
Precisely similar phenomena arc observed when the gel is dehydrated by being 
heated, hut, for some unexplained reason, a much greater loss of water appears to 
be necessary in this case before the end-point is reach(d. A. Schy^arz and 0. Liede 
obtained j3-silicic acid by passing silicon tetrafluoride into boiling water. The 
product dissolved less readily in hydrofluoric acid, sodium hydroxide soln., or aq. 
ammonia than the ordinary a-silicic acid. From the conductivity o*f the ammonia- 
cal soln., they regarded it as a polymerized form analogous to j3'Stannic acid. 

T. Graham ^ said that the hydrosol is coagulated on standing, and this the 
mure rjuickly, the more cone, the sol, or the higher the temp. This was confirmed 
by W. Flemming. T. Graham found that a 12 per cent, sol at ordinary temp, 
was coagulated in a few hours, while 5-6 per cent, sol required 5-6 days, a 2 per 
cent, sol required 2-3 months, and a 1 per *€ 01 . sol required 2 or more years. 
According to 0. Masclik*', the coagulattbn of tint sol in glass vessels is largely deter¬ 
mined by the dissolution of alkalies, etc., from the walls of the containing vessels. 
According to K. Jordis and co-workers, T. Graham's observation that the longer the 
silicic acid m hydrolyze^ the more stable tho product, is explained by the increase 
in tho amount of alkali derived from th (5 glass. The contradictory reports are in 
some cases duo to the presence of unsuspected impurities. E. Jordis and co¬ 
workers concluded that T. Graham’s liydrosol is contaminated by acids or bases, 
and E. Grimaux’s hydrosol is contaminated with organic matter. When the sol 
is dried over sulphuric acid in vacuo, T. Graham foujid that the insoluble residue 
contained 21‘99 per cent, of water; and C. Roberts, 24 per cent, of water. 
W. KUhno found that T. Graham’s hydrosol is not coagulated by alcohol, glycerol, 
sugar, gum, or caramel; alumina hydrosol, ferric oxide hydrosol, gelatine, albumen, 
and casein were found by T. Graham to coagulate silica hydrosol. W. Kuhne, 
and li. Kempe found that silica hydrosol is not gelatinized by salts with an alkaline 
reaction, by alcohol, ammonia, sugar, albuminosc, glycerol, peptoqe, and alkali 
albuminates, but it is gelatinized by glue, and by neutral salts. F. Dienert and 
F. Wandenbulcke discussed^the effect of dissolved salta on the, colloidal silica in 
natural waters, and sea-watei^ 

According to L. F. Werner, acids have a very powerful peptizing effect upon 
the hydrosol of silicic Jcid. In tho case of the strong acids, this effect is most 
marked at a medium cone. Alkali|;s also have a strong peptizing influence; the 
effect is greatest for mediunt and low cone, for the highly ionized bases, and in the 
case of the slightly ionized bases the effect is great in all but the lowest cone, tried. 
Salts have no effect in presence of acids, but ilt the presence of bases the congealing 
effect is hastened. Potassium salts of several negative radicles decreased the time 
required for gelation. The chlorides of various metals, with the exception of ferric 
and cupric chlorides, decreased the time of gelation. Sodium hydrophosphate 
and dihydrophosphato have strong congealing powere, but normal sodium ortho¬ 
phosphate has tho opposite effect. The di- and tri-sodium citrates accelerate the 
setting greatly, the effect decreasing with tlie cone.; but, in the case of the mono- 
sodiuin salt, the time for setting is the same for all cone. The acetates of the various 
metals have the greatest congealing effect (excepting that of mercury). Inorganic 
salts produw but little effect. The alkali salts of the organic acids produce powerful 
aoceierating effects, except the carbonates tuid hydrocarbonates, which have»a 
peptizing effect in soln. of medium to low cone.’ F. Dienert and F. Wandenbulcke 
found that alkali carbonatess accelerate the flocculation of colloidal silica, and salts 
with an ^idic reaction like aluminium sulphate hinder the change. J. Ainar found 
the velocity of coagulation to be proportional to the lowering of the surface tension 
by the coagulant. 

According to W. Flemming, silica hydrosol is coagulated by graphite powder, 
and by alkali and alkaline earth carbonates; hydrogen and hydroayl ions have a 
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catalytic efiect on the rate of coagulation, for as the cone, of hydrogen ions increases, 
the coagulation is first retarded and then accelerated ; as the cone, of hydroxyl 
ions increases, the coagulation is first accelerated and then retarded. As shown 
by T. Graham, silicic acid is readily peptized by sodium hydroxide and ammonia, 
but it adsorbs lime from suspended calcium carbonate ; is precipitated by calcium 
hydroxide, and basic dyes ; and is coagulated by soln. of carbonates of the alkalies 
or alkaline earths. T. Graham said that his sol was coagulated by carbon dioxide; 
while H. Kuhn said that this agent does not coagulate the silica sol derived from 
silicates; nor was E. Griraaux’s hydrosol coagulated by carbon dioxide. The 
reaction has also been studied by W. Flemming, E. Jordis, etc. H. Kuhn found 
that the sol is coagulated by the electric current or by freezing, and by alcohol, 
or sulphuric acid. A. Lottermoser, and N. N. Ljubaviu also found the hydrosol 
precipitates most of the contained silicic acid when frozen. F. lloppc-Seylcr 
showed that the sol is coagulated by schizomycetes fungi. N. Fa)>padfi and 
C. Sadowsky found that the siieeds of coagulation and gclatinization of silica 
hydrosols follow the, same laws. The coigulation of silicic acid sol was studiod 
by 0. M. Smith, etc. According to N, I’appadA, soln. of non-ionized organic 
substances do not coagulate silica sol, but soln. of ionized salts coagulate negative 
colloidal silicic acid, and, with a given family of salts, the action is all the more 
marked the greater the at. wt. of the salt— e.y. the cations ('s', Rb', K'. NH 4 ‘, Na', 
and Li‘ act with decreasing intensity in the order named; similarly, the action is 
more marked the greater the electrical charge on the ion, thus tervalent ions are- 
more active than bivalent ions, and these in turn more than univalent ions. Thus, 
W. B. Hardy found aluminium sulphate acted immediately; copjier sulphate or 
copper, cadmium, or barium chloride acted in 10 rains.; magnesium aul])hate 
in 2 hrs.; and potassium or sodium sulphate in 24 hrs. The gclatinization seems 
to be independent of the nature of the anion. S. Glixelli found the acidity of silica 
is increased in the presence of uni- or bi-valent ioms of neutral salts. The pro¬ 
tective action-of tervalent iron salts on a sol of silicic acid was investigated by 
E. Guerry anjl E. Toussaint. H. W. Foote, S. R. Seholes, and B. W. Langley have 
discusseil tlie precipitation of ferric and aluminium hydroxides along with colloidal 
silica so as to forip solid soln. P. Rohland found that silica hydrogel derived from 
clay adsorbs colloids --c.i;. soap, starch, and dextrin—complex dyes e.g. aurin, 
fluorescein, and cochineal carbonate-ions, hydrocarbonate-ions, tetraborate-ions, 
and phosphate-ions. Organic substances containing oxygen - e.g. alcohol and 
acetone—are adsorbed. WIica gel is iinpermiMble to organic substances which do 
not contain oxygen, and sat. hydrocarbons - 1 .;/. toluene, and carbon disulphide. 
E. Dittler, and H. Rheinboldt and E. Wedekind studied the adsorption of organic 
colouring matters by hydrogels of ’silica; L. Berenyi, and J. -McGavack and 
W. A. Patrick, the adsorption of sulphur dioxide; L. Berenyi, L. Y. Davidheiser 
and W. A. Patrick, ammonia; W, A. Patrick, sulphur dioxide, ammonia, and 
carbon dioxide; H. Briggs, hydrogen and nitrogen at low temp.; P. C. Ray, 
nitrogen peroxide ; and A. B. Ray, and H. Briggs, organic vapours ; W. A. Patrick 
and D. C. Jones, formic, acetic, butyric, and benzoic acids, and iodine, from various 
solvents; nitrobenzene and benzene from kerosene; and acetic acid froip carbon 
disulphide ; D. C. Jones, acetic acid from gasoline ; W. A. Patrick and J. S. Long, 
butane. N. K. Chaney and co-workers showed that while carbon adsorbs^benzene 
and rejects the water from a mixture of benzene and water, silica'gel adsorbs 
water and rejects the benzene. C. M. Faber and co-workers measured the variation 
in the efficiency in the adsorption of water, benzene, nitric acid, and nitrogen 
peroxide with uSe. There is a promising field of application for silica gel as an 
absorbent for condensable vapours from gases; and as a refining agent for liquids, 
particularly petroleum oils. It also has uses in the recovery of benzene hydro¬ 
carbons from coal gas, or coke-oven gases for use as a motor oil. The adsorption 
of benzene and other vapours has bMn discussed by E. C. Williams, B. Fnmess, 
E. B. Miller, F. Meyer, and N. K. Chaney ; and of sodium fluosiiicate, and potas- 
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Slum metasilicatc, by M. A. Rakuzin. According to E. M. Fa-ber and H. G. Olsen, 
carbonyl chloride and nitrogen peroilide are a^orbod by silica gel. According 
to J. N. Miikherjec, precipitated silica adsorbs acetic, citric, hydrochloric, and 
nitric acids, but A. F. Joseph and J. S. Hancock stated that purified silica has no 
effect on a sohi, of an acid, and that the reported effects are due to the use of inade¬ 
quately purified silica ; the effect of silica on a soln. of an electrolyte is to produce 
free acid and a complex silicate of low solubility and alkaline reaction, W. Bach- 
mann showed that the amount of adsorption of water, benzene, chloroform, ethyl 
iodide, and acetylene tetrabromide by silica gel is proportional to the density of 
the licpiid; \V, A. Patrick and J. S, Long found that the adsorption of n-bntane is 
greatest with silica gel with about 2 per cent, of water; and J. McGavick and 
W. A. Patrick found 7 per cent, of water to be most favourable for the adsorption 
of suljihur dioxide between —80'' and 100“. D. 0. Jones studied the effect of the 
dispersibility of the silica gel on its adsorptive power. J. H. Frydlender, F. Meyer, 
W. Paulsen, E, B. Miller, R. Furness, N. K. Clfaney, and E. C. Williams discussed 
the use of silica gel as an ab3orbent*for industrial purposes. Their uses, said 
H. N. Holmes and J. A. Anderson, include solvent recovery, the drying of air 
for blast furnac(«, and for vacuum ice machines; the recovery of sulphur dioxide 
and nitrogen oxides; weinoving offensive odours from air; removing sulphur 
compounds from petroleum fractions; decolorizing certain liquids; the recovery 
of gasoline from natural gas, etc, ‘ 

E. Jordis and E. H. Kanter “ inferred that because the electrical conductivity 
of silica hydrosol increases to a maximum by the sueecssive additions of small 
quantities of hydrochloric acid, then falls to a minimum, and again increases, hydro¬ 
chloric a(ud and silica unite chemically. F. Mylius and E. GroschufI likewise 
assumed the formation of an intermediate chloride in the, hydrolysis of silicon 
tetrachloride by water, J. Meyer, however, believes that the obstinate retention 
of hydrochlori(i acid by silica gel is an adsorption phenomenon, not chemical 
condiiuation. The washing has also been discussed by E. Jordis, R. Zsigmondy 
and R. Heyer, etc. According to J. M. van Bemmelcn, the amount of a substance 
which is absorbed from a .soln. by a given quantity of a silica gel (dried at 100°) 
depends on the temp, and conj, of the soln., as well as on the nature, physical state, 
and previous history td the absorbent gel. Tlie amount absorbed increases with 
the cone, of the soln,, but^ not proportionally since relatively more is absorbed from 
dil. soln. than from cone, soln,, so that the ratio of the amount of salt absorbed to 
the cone, of the soln. decreases as theVonc. increases. Alkalies are strongly adsorbed, 
and soln. of salts of the feeble acids are decomposed and part of their alkaline 
base ij selectively absorbed by the silica -e.g. alkali carbonates, phosphates, 
borates, and calcium carbonate. Absorption thus appears as a kind of ineipieut 
combination. When the absorption has progressed far enough, the silica gel may 
pass into the sol condition, as was observed by T. Graham in an experiment where 
one part of sotlium hydroxide m 10,000 parts of water at 100°, converted 200 parts 
of anhydrous silica into the. sol stale. The absorjdion or adsorption with quartz 
is much less than with amorphous silica, but it follows the same general hw—vide 
the chemical properties of silica. R. Schwarz and H. Stock found .silicic acid sols 
act as a positive catalyst on the photochemical decomposition of silver bromide; 
and E. p. Hohnes and W. A. I’atrick, on acetone, acetic acid, and nitric acid. 

J. S. Anfferson found the sp. gr. of silica gel sat. with water to be 1‘500; of 
the dried gel, 1'980; and of the gel substance, 2'048. E. Berl and W. Urban 
found the sp. gr. of silica gel dried at 26°, is 2'465; dried at 300°, 2'390; dried at 
1000°, 2'271; evaporated with hydrochloric acid and ignited, 2’627. The sp. gr. 
of the opals ranges from 1'9 to 2'5—the gem opals have a sp. gr. 2T-2'2. The 
sp, gr. of hydrated silica which has been dried lies between 1'7 and 1'9. Accordmg 
to F. Auerbach, the liardness of opal lies between 6 and 6. An opal fron^Mexico 
had a coeff. of elasticity of 3,880,000; and a torsion coeff. of 1,829,000. In their 
study of the musical tones produced by vibr-'ting silicic acid gels, 41. N. Holmes 
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and co-workers found that these gels vibrate as rigid solids. The vibration fre¬ 
quency varies inversely as the diameter of the column of gel, and tension 
exerts an influence; the vibration frequency varies directly as the cone, of the 
silicic acid, increases with an excess of mineral acids, and decreases with an excess 
of organic acids. According to H. Kopp, and.I. .loly, thesp. lit. of hyalite iafl'2033, 
and of opal 0’2375i 

The separation of aq. soln. from highly hydrated gels —the so-called syneresis —' 
increases with increased cone, of silicic acid, increases with excess of mineral acids, 
and decreases with excess of organic acids. Neither ,T. Thomsen nor 6 . Bruni and 
N. Pappada could detect any thermal change during the coagulation of silicic acid 
sols, but others have noted an appreciable thermal eflect. T. Graham, for instance, 
noted a rise of temp, during the coagulation of the hydrosol of silica. The heats 
developed during the coagulation of a 3 per cent. soln. of silicic acid prepared from 
potash water-glass and a 2'4 per cent. soln. of silicic acid from soda water-glass, are: 

I 

Sol with 3 flcr cent, silicic Sol wItJi 2*4 per cent. bIUcIp arid 
acid from potiwli water-xljut*. from soda w-ater^ghwa. 

Per cent, aluminium sulphate soln. . 3'4 6’8 1 •? 6’8 13‘6 

Heat of coagulation .... 16-8 27*1 17 9 30 7 32-8Cal8. 

I 

Observations on this subject have been made by F. Dorinckel, E. Wiedemann and 
C. Ludeking, 0. Mulert, L. Kahlenberg'and A. T. Lincoln, etc. Similar results 
were obtained by coagulating the sol with a 6'8 per cent. soln. of alkali sulphate. 
J, Spichal found that the hydrosols of alumina and silica mutually precipitate 
one another, and th<; precipitation is most rapid, and the viscosity greatest, when 
tlie molar ratio AI 2 O 3 : SiOg is as 1 : 3. M. Kroger found that the gclatinization 
of a mixture of silica and tungstic hydrosols proceeds so that the time-tunj^tic 
acid curve passes first through a minimum, then as the cone, of the tungstic acid 
increases, it jmsses tlirough a maximum and tlien falls continuously. A. W. Thomas 
and L. Johnson discussed the mutual precipitation of colloidal .soln. of ferric oxide 
and silica. 

The process of gel-fonnation in silicic acid and the gelatines has been studied 
ultra-inicroscopicjilly by W. Bachmann. The amplitude of the Brownian move¬ 
ments of the ultra-microscopic particles diminishes ‘and the size of the partirles 
increases by flocculation during tln^ ageing of the gcl; the structure gradually 
becomes le.ss distinct, and at last u]tra-miero.sco})ioally homogeneous owing to the 
close-packing of the jelly elements. The 8 Uj)i»o.sed foam structure is a diffraction 
phenomenon. Gel silicic acid obtained by dialysis, with a collodion membrane, 
and dried over sulphuric acid, polarizes light feebly, thus indicating a very 
minute heterogeneity. The index of refraction of the opals is low. According to 
A. des 01 oizeaux ,*2 the index of refraction for red light varies from about 1*442- 
1*450; and, according to A. K. Zimanyi, for the yellow sodium light, from 1*4636- 
1*4580 between 21® and 28 5®. A hydrosol from soda water-glass with 0*4134 grm. 
of silica per 31*3630 grins, of soln., has a sp. gr. of 1*004923 at 241® (water at 
24'1®=0'99730), and an index of refraction for sodium light, 1*33389; and for 
the H„-line, 1*33205; the //jj-line, 1*33800; and the Hy-line, 1*34139 (yater for 
L330^). Observations were made by C. Abbati, F. Cornu, M. Lazarevee, 
etc. According to W. W. Coblentz.i^ quartz has small absorption bands between 
2 * 9 ^ and 6*65/i, and the group of atoms characteristic of quartz fliaintains its 
cLaracteristicB, more or less sharply defined, in the mineral silicates. In opal, the 
bands characteristic of water arc superposed upon those for quartz, and since opal 
shows no signs 6 f crystallization ifis inferred that the water is in a state of solid 
soln., since the contained water is a function of the vap. press. The absorption 
spectra of opal, selenite, and the zeolites are alike as regards the position and 
intensity of the water bands. C. Wissinger studied the absorption spectrum of 
silica fiydrogel. Opal is a non-conductor of electricity. The hydrosol of silica 
conducts eleotricity. F, Mylius and E. Groschuff found the conductivity in 
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presence of sodium chloride changed from 14032X10”* mhos when freshly pre¬ 
pared to 14081X10”* mhos after standing 6 days at a temp, of 16'^. Silica hydrosol 
resulting from the action of 40 grins, of silicon tetrachloride on 2 litres of water 
had a conductivity of 6'2XI0”* mhos; after 14 days’ hydrolysis the conductivity 
altered to 3’2X 10“®; and after 22 days’ hydrolysis, 1*7X 10”* mhos. 

A. C. Becqucrel,!* and W. Sjmng found that an alkaline soln. of silica hydrogel 
•acquires a positive charge, and when an electric current is passed through the 
soln., the gel collects on the cathode. W. B. Hardy, however, showed that with 
distilled water, the thoroughly washed hydrogel is iso-eloctric, and with the smallest 
trace of free alkali in the water, it becomes electronegative. S. E. Linder and 
H. Picton, N. PappadA, and A. Lottormoser also found that dialyzed silicic acid 
collects on the anode. W. Biltz, and W. R. Whitney and J. C. Blake made observa¬ 
tions on this subject. 0. Liisenbeck measured the electrical conductivity of silica 
sojs. He found the conductivity of hydrochloric acid soln. of cone, up to 
is reduced by the [iresence of silicic acid 8o4n. The magnitude of the change 
(lecTcaseH with time, being at first raf)id,*and then slows off to a limiting value. The 
particles of .silicic a«id are negatively charged, and the charge is steadily reduced 
by the addition of hydrochloric acid until the woelectric point is reached. With 
further addition of aclil the sign of the charge changes, and the charge increases 
until the positive, value is greater than the original negative value. The contact 
potential of the particles in diff<*ront conc‘. of the same preparation is dependent on 
the cone, of the sol, in the sense that the isoelectric point of different sols lies at 
greater cone, of hydrocldoric acid the greater the cone, of the sol. The observed 
result are explained by as-suniing that the silicic acid particles are sat. with hydro¬ 
chloric acid, like a .sponge, and that this acid is taken up slowly. The hydrogen- 
ions are oxfielled from these sponges with a definite tension, so that the 
contact potential between parthdo and soln. may be approximately repre¬ 
sented by W. Nernst’s formula. W. (Irundmami studied the electrical properties 
of sols of silicic acid, and showed that tlie charge in a hydrochloric acid 
soln. changes on keeping, becoming at first more negative, reaches a maximum, 
and then changes in the opposite direction, (’olloidal silica in dil. acid and 
alkaline soln. is eleetronegaijve, and during electrolysis accumulates about the 
anode, and J. Hillitzer showeil that in alkaline and feebly acid soln.—say, up to 
O'liV-fK.l the gel is electronegative; with a greater cone, of acid—say, ^iV-HOl— 
the gel is electropositive; and sontewliere between these limits an isoelectric 
point occurs where the liipiid is elftitrioally neutral. 

Ihese facts have been applied industiiaJly by jB. Schwerin to ivniovo impurities from 
clays, etc. When soln. of chloridoH are added to water with (he clay ni 8U8^>onsion, certain 
impuriticR st^ttle n'adily, others wmiam in au8i>cnsion. If the addt^ salt also changes the 
electrical state of certain impurities so that, say, free silica becomes eloctropositivo while 
the clay remains electronegative, the passage of a current through tho soln. will enable 
the electronegative clay lo collect about the anode, while the electropositive impurity 
accumulates about the cathode. W. H. Ormondv has discussed tlie application of tho 
process. * 

The jgroftt variations in the protmrfcion of water in different varieties of opal, 
and in the same varieties from different localities, prevents the application of a 
defiiiite formula—SiOj.. aHoO. Thus, K. Eremy found that after drying in vacuo, 
hyalite Qpa>contained !'5 per cent, of water; a gem-opal from Mexico, 6'3 per 
cent.: and a sample of opaque and glassy geyscrite, 121 per cent. Attempts to 
find if the dehydration curves of the opals show any signs of breaks or singularities, 
have given negative results. It is therefore inferred that opats are not definite 
ht^mlea of fUica. In 1877, J. B. Hannsy gradually heated a sample of opal 
with 8*24 per cent, of water at 100“ in a current of dry air, and determined the water 
lost every 5 mins, and later every 20 mins. G. d’Achiardi confined seven different 
^mples of Tuscany opal in desiccators, and found the loss of weight after definite 
intervals of time extending over 200 days. The results with a sample of kieselguhr 
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from Caatel del Kano, Monte Amiata; a sample of black opal from San Piero, 
Campo; a milk-white opal from Fundorte ; end a water-clear opal from San Piero, 
Campo, are plotted in Fig. 52 ; there is here 
no evidence of any discontinuity in the , * 
curves. G.d’Achiari also obtained the same ■« 
conclusion by measuring the amount of < 
water lost during definite intervals of temp. ^ 
rising from 80° to 320°. G. Tammann kept § 
samples of hyalite and opal in desiccators 
over sulphuric acid of different cone, so as 
to allow the dehydration to occur in atm. ^ 
of definite humidity. Table IX. ^ 

According to J. M. van Bemraolcn,'’ the ^ 
gel of silica hydrate under the microscope ° SO too m loo 
appears to have a cellular structure and 

to be composed of a kind of network— Itehydration Curves of 

ITaJensfruito-formed by two soln.-the &.;;,h„^„rAerd“ ’’ 

one more cone, forms the walls of a mass 

of cells which enclose the other more dil. soln. 0. llutschli ajso noticed that a.inesli- 
like structure api)ears at a certain stage in the drying of gelatinous silica, and dis- 
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Tadi-k IX. —Los.s OF Water by Opals in ATMoaPiiKRE.s of Different Humioity. 


of sulphuric 

1 per cent. 

Vap press, of sulplmrlc 
acid in iniii. at 

Time In dayfi. 

J'ercentage loss 
in weight. 

20-3 

21-24 

0 

2-96 

29-2 

1833 

9 

3-90 

40'0 

1315 

7 

0-96 

601 

8-77 

(i 

10-76 

00-4 

4-.'12 

0 

U-GO 

70-3 

1-74 

8 

12-09 

861 

0-18 

22 

13-30 


appears at a later stage of the drying. He also found that the natural opals exhibit 
a very fine cellular structure which requires the very gfeatest magnification to 
be rendered visible—hydrophane, for exaint;le, 
with a magnification of 2020 diams., shows the 
cellular structure and is very little different from 
gelatinous silica. The two arc illustiUtcd side by 
side in Fig. 53. W. Biltz and W. Geibel studied 
the ultra-microscopic structure of silica hydrogel. 

According to 0. Butschli, a gel with 30-40 mols. 
of water can be separated by cutting; with 20 
mols. it is somewhat stiff; with 12 mols. It is 
brittle; and with^fijjols^jt can be triturated to 
form a dry powder. There is a stage in the 
dehydratTdn~where the gelatinous silica begins 
to lose its transparency and become turbid. This 
temp, depends on the KSfurc of the gel, its mode 
of preparation, the rate of dehydration, the age 
of the specimen, etc. The vol. of the gel shrinks 
very little if dehydrated further, since the gel now 
fqrms empty spaces which gradually fill with.jir, 
and produce the t urbidit y; dr,"as R. Zsigmondy 
infers frbm his ultra-microscopic examination of the phenomenon, the turbidity 
is produced by ^he accumulation of liquid separa^ by film s of air. By prolonged 
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heating, the gel gradually loses its air-spaces, and at the same time its absorptive 
power for water, e.g. the amounts of moisture adsorbed by precipitated silica 
calcined at difierent temp, arc: 

110* SW 700" 800" 900" 1200" 

Adsorption . . 18'3S 15-93 16-34 12-85 3-96 0-00 per cent. 

J. Duclaux assumed that reversible gels contain (i) a liquid—water or a 
solvent; (ii) an insoluble solid, forming with the liquid an irreversible gel or sponge- 
like structure of ultra-microscopic cells; and (iii) a soluble solid dissolved in the 
solvent of the gel. The mols. or misoell® of this substance, which may be either 
crystalloid or colloid, are too large to be able to escape from the cellules of the 
sponge, but they are snrall enough for their soln, to have a certain osmotic press, 
in relation to the pure solvent. This soln. is the “ plasm ” of tho gel, and its 
swelling and expansion in a solvent are due to the osmotic press, of the plasm. 
Tho limit of expansion is reached when cquilibyum is attained between this osmotic 
press, and tho cohesion of the cellular»struoture of the gel. If the osmotic forces 
are strong enough, continued inflation of the cellules may result in the dissolution 
of the gel, and the separation of the soluble and insoluble constituents. 

P. P. von Weiraarn 1® argued that many of the so-called amorphous powders 
probably have a crystalline structure, for they may really be so fine-grained that, 
under I lie microscope, the form of the,crystalline grain appears to be rounded 
owing to dilfraclion and other phenomena. The crystalline nature of such pre¬ 
cipitates must bo proved in other ways since the fineness of tho grain prevents the 
satisfactory application of the microscope. Under the microscope, these pre¬ 
cipitates exhibit various characteristics peculiar to crystalbne structures— e.g. 
they have a network, honeycomb, rayed, or dendritic structure unless they are 
formed of detached granules. Hence, says P. P. von Weimarn, such formations 
are to be regarded as a result of an orientation of the finest granules. It. Schwarz 
and F. Stdweiier studied the ageing of silica gels, and showed that during the ageing 
w^ter is lost even though the gel be under water; the dehydration is regarded as a 
preliminary stage in the. formation of crystals. 

The vap. jiress. of hydrated silica varies continuously and regularly with tho 
cone, of tho contained wateb, so that the solid silica and tho Water really form a 
uni variant system with only one component—water—and two phases—vap., 
and water of liydratiom If the water vap. be in eqiiiUbrium with the water of 
hydration at a vap. press, p, and sp^ie water is removed, the solid loses some water 
of hydration, but the vap. press, is not restored to p since it acquires a lower value pi. 
If a definite hydrate wore in question, the vap. press, would remain at p until all 
the hydrate had been decomposed. < 

Pprtially dehydrated silica hydrate is very hygroscopic. Tho silica remaining 
when tlie organic derivatives of silicon have been submitted to combustion analyses 
are sometimes very hygroscopic, thus, J. Meads and F, S. Kipping report that 
tho product from diphoiiylailicancdiol on exposure to air, had a constant weight 
only after tho absorption of 16-2 per cent, of moisture. Silica hydrate wliich has 
.been dried in air becomes warm when moistened with water. Silica obtained by 
I calcining the hydrate at about 500", can take up abojit 14 pet CEnt.,of water, and 
sitl^'which has been calcined at a higher temp, can take up only 2 per cent. The 
I wateriS mere easily drive's from the rehydrated silica heated to, say, 100° than 

( from tho original hydrate. If silica hydrate which has been heated to 200° be 
exposed to a moist atm., water is again absorbed, and the vap. press, of the hydrate 
is greater than that of the original hydrate of the same composition. This has 
been taken to show that the water is less firmly retained by the product of the 
\rohydration of partially dehydrated silica hydrate. 

J, M, van Bemmeleu has determined the equilibrium conditions of the hydrogel 
of silicic acid. He started with a freshly prepared sample containing the eq. of 
SiOj-j-lOOHjO; portions were placed in desiccators over sulphuric qcid of different 
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cone., and acco^ingly also of different rap. press. Under these conditions, eouiii- 
br.um occurs when the rap. press, of the gel is.equal to the rap. press, of the sulphuric 
acid over which the gel is confined. The dehydration curve follows the direction of 
the anows along ABCD, Fig. 64. While AB is a continuous curve representing 



Fio. 64.—Carve of the Dehydration and Kehydration of the Hydrogel of Silicic Acid. 


the equilibrium press, during dehydration, rcliydration dolis not follow along the 
same path in the reverse direction, but rather strikes a shorter course, say, ah, to 
reach the saturation curve representing* the vap. press, curve of water at 16°; 
subsequent dehydration follows nearly along the same path, ba, but a little to the 
left. Beturniug to the first dehydration curve AB, this passes to BC, which is 
nearly horizontal, showing that here the removal of water has very little influence 
on the vap. press, of the hydrate. As the gel, previously clear and transparent, loses 
water along BO, it begins to develop an opalescence in its interior, owing to the forma¬ 
tion of small bubbles of air or water vap. where previously liquid water was present. 
The opalescence gradually spreads outwards until the whole, mass appears yellow 
by transmitted, and blue by reflected light. As the dehydration continues, the gel 
at C becomes white, and, travelling along 01), it becomes opalescent, and finally as 
clear aj glass. The CD-emve represents a reversible reaction in that rehydration 
DO and dehydration OD follow the same track. At/), the gel has about the eq. 
of Si02-|-0.2H20. If the gel between B and 0 is dehydrated, it takes a short 
cut to the saturation curve, for after travelling along Z)C',/t will pass from 0 to E 
to/; on dehydration at E, the curve travels as indicated by the arrow so that 
the process is not reversible. Dehydration froth any particular state is represented 
by arrows directed downwards and to the left, and rehydration by arrows directed 
upwards and to the right. The curves dotted in the diagram represent, in the same 
way, the dehydration and rehydration of the hydrogel of silicic acid ten months 
old. J. Amar measured the speed of dehydration ; and J. S. Anderson, the adsorp¬ 
tion and evolution of moisture by silica gels. The two curves do not coincide, 
but show a decided hysteresis in the sense that water is evolved at a lower press, 
than that at which it is adsorbed. Similar results were obtained with alcohol 
and benzene. J. S. Anderson also measured the rates of adsorption and evolution 
of these three substances. B. Berl and \V. Urban measured the hygroscopicity 
of silica gels. W. A. Patrick and F. V. Grimm found the heats of wetting of 
silica gel in Cals, pet gram of gel to be 19'22 for water; 22'23 for ethyl alcohol; 
1M3 for benzene ; 8'42 for carbon tetrachloride ; and 17'64 for aniline. 

The net result of the interesting work of J. M. van Bemmelen is to show that 
the hydrogel ot silicic acid is an unstable system of the general composition 
SiOj.nHjO, where the value of » is determine by the physical conditions, and 
the previous history of the gel. M. Guichard investigated the adsorption 
of water by silica gels in relation to time, temp., and age. Similar phenomena 
were observed with the hydrogels of magnesium, beryllium, aluminium, manganic, 
ferric, chromic, cupric, zirconium, and stannic hydroxides—with variations, of 
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course, in individual cases. According to R. Zsigmondy, the peculiar dehydration 
curves obtained by J. M. van Bcmmelen are best explained by assuming that the 
vap. press, of the retained water is diminished by the presence of fine capillaries. 
If the capillary formula holds for pores down to fifjp, the vap. press, would be 
depressed 6 mm. The difference between the curves for dehydration and subse¬ 
quent rehydration are explained by assuming the liquid fails to wet the walls 
completely in the second case owing to the absorbed air. The irreversibility of 
the changes is due to the union of the amicronic particles to form larger particles 
—probably crystalline. .T. S. Anderson, from his experiments OB the evolution 
and adsorption of moisture by silica gels, inferred that the gel is made up of pores 
of varying sizes which are largest where the hysteresis on the drying curve begins, 
and smallest whore it ceases, lie measured the lowering of the vap. press, of water, 
alcohol, and benzene produci'd by the presence of fine capillaries in the gol, and 
hence calculated the radius, p, of the pores from log, (pg/p)—2o-Z),/Z)jPop, where 
p represents the radius of the pore; ir, the surfai'c tension of the liquid at the temp, 
of the experiment; D/, the sp. gr. of the liquid ; 1)„ the sp. gr. of the vap.; p^, 
the vap. press, of the liquid in the atm.; and p, the vaj). press, of the evaporating 
I liquid. The results are in harmony with those of it. Zsigmondy. The last-named 

( found that when silica gel is immersed in a hydrosol of silver or ferric hydroxide, 
etc., it acts as an ultra-filter; water jjenetrates into the gel, and a layer of colloid 
is formechtn lts surface. E. M. l4ber and If. (I. Olson studied the repeated activa¬ 
tion of the gel. T. Graham found that sulphuric acid can displace the water and 
form silica Sttlphatogel, if the hydrogel be first placed in dil. sulphuric acid (1 :3), 
the product transferred to a stronger acid, and finally to cone, sulphuric acid. 

II. N. Holmes and J. A. .Anderson -' [irepared mixcsl ferric oxide-silica gel by 
treating a soln. of sodium silicate with one of ferric chloride ; and similar mixed 
gels were, made with aluminium, idiromium, calcium, cojiper, or nickel oxide in 
jilaee of ferric oxide. 

Organogels of silicic acid. —T. Grahamjirepared sols and gels of silica with 
fluids other than wnter -e.g. hydrochloric, nitric, sulphuric, formic, acetic, and 
tartaric acids, sugar-syrup, glycerol, benzene, carbon <lisulphidc, alcohol, ether, 
and fixed oils. These liquids can displace more or less water without gelatinizing 
the dissolved sdica. If alcohol be added to a hydrosol, containing not more than 
one per cent, of silica, and the water be removed by drying in vacuo over a desic¬ 
cating agent; or if mixture of alcohol and silica hydro.sol be dialyzed in a jar of 
alcohol, the water and a soln. of si|ioa alcohol remain; it is silica alcosol. The 
alcosol is gelatinized by a slight in(Teaac in cone.; the liquid gives no evidence of 
the presence of a silicic ether. The corre.sj)onding silicic alcogel is also made by 
placing silicic hydrogel with 8-10 per cent, of silica, Si 02 , in absolute alcohol, and 
changing the latter repeatedly until the water of the hydrogel is replaced by alcohol. 
The product contains ITfil per cent, of alcohol. Silica alcogel pas.sc8 into the 
hydrogel when placed in watcT, and compounds wich other liquids- ether, benzene, 
carbon disulphide, etc.—miscible with alcohol -are obtained by placing the alcogel 
in the de,sired liquid. The ether of the siUca etbcrogcl can be replaced by fixed 
oils, by^plac.ing the gel in the required liquid. W. Kiihne found that glycerol, 
like alcohol, ilisplaccs water from the hydrogel, forming silica glfceiogel. 
S. P. Kramer studied the preparation of oil emulsions by the aid of silica gel. 
W. A. Patrick made silica gels impregnated with metallic oxides by mixing soln. 
of sodium silicate with a soln. of a metallic salt easily hydrolyzed—c.p. ferric 
chloride—after the gel had set, it was washed free from chlorides. B. 8. Neuhausen 
and W. A. Patrick could not remove all the water from silicic acid gels by anhydrous 
alcohol, acetone, or benzene. 
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§ 22 . The Silicates and the Alaminosilicates 

A good formult* indicates the convcrgonce of knowlerjge; if it fulflla that purpose it 
is useful, even though it may be Bupplanted at some later date by an expression of still 
greater generality. Every formula should be a means towards this end, and the question 
whether it is assuredly final is of minor importance. IndocU, there is no formula in 
chemistry to-day of which we can be sure that the last word has been spoken.— 
F. W. Clakke (1914). ^ 

Silicic acid at ordinary temp, is one of the feeblest of tlie inorganic acids. The 
acid is precipitated from aq. soln. o^its alkali salts by carbon dioxide. Observa¬ 
tions on the lowering of the f.p., and tbe electrical conductivities * of aq. soln. of the 
alkali silicates show that they are almost comjjletely hydrolyzed : NajSiOa-fH.O 
= 2 Na 0 H-fSi 02 coiioid. when the dilution is approximately 0'02 mol. per litre. 
The ready hydrolysis of the alkali silicates is in agreement with the dilKculty which 
attends the preparation of the ammonium silicatr-s— ride infra. 

Although chemically inactive at ordinary temp., silica acts as a powerful acid 
anhydride at high temp., combining with the bases and many metallic oxides to 
form more or less fusible silicates. When silica is melted with sodium carbonate, 
carbon dioxide is expelled with effervescence. The reaction: NaijCCTa-l-SiOj 
viNa 2 Si 03 -f OO 2 , resembles the action of sulphur dioxide on the same salt at 
ordinary temp.; Na 2 C 03 -|-S 02 viNa 2 S 03 -fCO 2 . When sodium silicate is dis¬ 
solved in water it« decomposed by sulphuric acid, silicic acid is liberated: Na 2 Si 08 
-t-H 2 S 04 =Na 2 S 04 -)-H 28 i 03 . The two compounds can be separated by dialysis. 
Sodium silicate thus behaves like other salts, and silica is therefore regarded 
as an acid anhydride, silidc anhydride, 8102, khe same sense that sulphur 
dioxide,»S02, is sulphurous anhydride. The powerful acid character of silica 
at high temp.,tuma on the fact that most of the acid anhydrides— 8 O 3 , PsOj, 
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etc.—volatilize at much lower temp., and consequently, as soon as ever so little 
is displaced, the volatile anhydride passes away and ceases to compete with the 
silica for the base. At low temp, sulphur trioxide or carbon dioxide rapidly dis¬ 
places silica from the bas(« when competing under equal conditions. The igneous 
rocks on the earth’s cru.st contain silicates rather then carbonates, because at the 
high temp, of their formation, carbon dioxide could not compete Successfully with 
the silica. Ever since that time, however, the weathering of these rocks has been 
proceeding .slowly and continuously transforming the silicates into free silicSj 
carbonates, and oxichis or hydroxides. • 

Early in the nineteenth century, J. J. Berzelius,^ J. W. Dbbcrciner, and J. Smith- 
son ekprcsHe<i the idea that the silicate minerals are salts of sihcic acid. A. Laurent 
proposed to nqire.scnt the mineral silicates as salts of a series of imaginary silicic 
acids. The suggestion appeared more feasible after E. ITcmy had established the 
e.'iistence of the related stannic acid in 1856; and the work of J. J. Ebelmen, 
(h Friedcl, and .1. M. Grafts, L. Troost and I’illautefeuille, and A. Wurtz on the 
alkyl silicates, had shown the possibli? existence of a number of polysilicic acids 
and of I'exL^leiici- d’tniuimbrables silicates que kiir 'mode de generation est fondee, 
d'uue purl, sor li: priiiciplr de I’accuiimlalion des rathcam polyaiomiques el de I’avlre 
celui de la hydnilion smeessive. The subject was further developed by the work 
of T. 8 . Hunt, W. Odling, G. VVeltzicn, 1*. Groth, E. J. Chapman, F. W. Clarke, 
K. von Ilaushofcr, G. Boedeker, L. Bombicci, 1’. Groth, G. Stadeler, V. Wartha, 
A. Safarsik, G. Simmonds, A. Slreiig, N. LawrofI, etc. Examples will be given 
in connection with the individual .silicates. The silicates can be regarded as salts 
of silicic acid and its various eondensation products. The general formula of all 
the silicic acids is ()i-| m)H.,, 0 .tiSiU 2 , or H 2 „ 8 i„ 02 „+,„, where n denotes the number 
of silicic atoms, and »«, half of the hydrogen atoms per mol. The silicic acids can 
hi^ named by starting from the orthosilicic acids, the acids formed by the loss of one 
mol of water per mol of acid can bo called prolosiliac acids, or, as is more usually 
tiu! CMC, mrtosdicic acids; tiu! loss of two mols of water gives deuterosilicic acids 
or mesosilicic wids; the loss of three mols of water gives the Irikrositieic acids or 
imasilkic acids; the loss of four mols of water gives the Mrcrosilicic acids, and the 
loss^of five mols of water gi^^es the penicrosilicic acids. The.sc acids are illastrated 
in 1 able X, which can be extended to the right and downwards*if occasion should 


'1'ABl.K X.- NoaiKNel.ATOIlK oe TIIU Sll.teio AeiD.S AND SlLIOATK-S. 


T>po. 


1 2 di- 3 tri- 


4 tetra* 


ttpeata* 


Ortho- Hgn-f aSijnOn-f J HiSiOi 

i\leta.(proto-) HjSiOj 

Meao-(<louUirn-) i - HiSi.O, 

l’am.(triten).) Hjn- a - 

'J'etrero- H,„-<, — 

Pontoro- H,n-iSinOjn-1 - 


H^SiaOjo 

(HiiSisO,) 

HiSijOg 


HjoSi|Oi 8 ; 

(H>Si,0.,) ,(H„Si,0„) 
H,Si,0,i H,Si,0„ 


H.Si.O., 

H,Si,0, 


I 

HiSigOii 


arise. -Bach member of a horizontal row differs from the one which precedes by 
the addition of H 2 Si 03 ; and each member of a vertical column differs from the 
one wluch precedes by the removal of H 2 O. The various metasilicic acids are 
polymers 01 one another; and those formula) enclosed by brackets in the table ate 
polymers of some other member of the series. The following ate illustrations of 
the graphic formul®: 


UO 

HO 


>Si< 


OH 

OH 


HO 

HO 


>8i 


0 


j|«>Si-OH 

HO ^ 
Ho>Si-OH 


HO-Si-^O HO-Si^O 

HO 0 0 

Ho>Si-OH H0-Si=;0 


Orthosilioio 
acid, H«Si 04 . 


Metoailioio 

acid, 


Orthodisilicic 
miid, HsSijO,. 


Protodisilicic Deuterodisilidc 
acid, acid, 
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Formuto for silicates like those of C. Simmoads, which represent the silicon 
atoms as being joined directly to one another, and not through intermediate oxygen 
atoms, are considered to be improbable, because, as R. Wegschneider has emphasized, 

(i) compounds with silicon atoms directly united are unstable reducing agejits, and 

(ii) if the silicon atoms are directly united, oxygen atoms must also be directly 
unifed, and this again indicates an unstable oxidizing agent. The union of the 
strongly reducing group Si.Si with the strongly oxidizing group 0.0 gives extremely 
unstable combinations in marked contrast with the stable polysilicates. 

Although the existence of the ortho- and meta-silicic acids has not been definitely 
established, there is less doubt about the alkyl salts of orthosilicic acid, typified 
by fthyl orthosilicate, and ethyl mctasilicate with the respective formulm : ' 


CzH,0 ()C.H, 
Ethyl orthosilicate, SitOCjJfj),. 


Etliyl inetasilicate, SiOtOCjHj),. 


These compounds are formed by the action*of the corie!iponding alcohols on silicon 
fluoroform, SiHFj. Thus, methyl orthosilicate, SilOCIli,)^, has a Sj). gr. of O 'JfiTfi 
(0°), and it boils at 165° ; ethyl orthosilicate, Si(OC2H5)4, has n sp, gr. of 10589 
(0°), and boils at 166°; propyl orthosilicate, Si(()ajH7)j, has a ap. gr. of 0!»05 
(0°), and boils at 522°; and amyl orthosilicate, SifOtlsHj,)* has a sp. gr. of 0-870 
(0°), and boils at 32.3°. Quite, a large numher of mixe.d alkyl orthosilicatca have been 
prepared. Ethyl metasilicate, SiOfOaHj),, boiling at about 3('>0°, is said to have 
been prepared by J. J. EbelmenS in 181C, although there is some doubt whether 
or not Ebclmcu’s metasilicates are not really iinpure orthosilicates. L. Troost 
and P. Hautefcuille have made a polymer of the metasilicate, viz. (dallsloSiOj. 
Ethyl orthosilicate can be regarded as the terminal member of a series of derivatives. 


B.p. Sj). gr. (0") Formula. 

Totra-ethylsilicon.162-5'’ 0-8341 {C',H 4 ),Si . 

Tri.ethylsilicon ctbylatc .... 153“ 0-8403 (t!,H,).,Si(<)C,H,) 

lli-etliylsilicon Uiotliylato , 155-8'' 0-8752 (C,H,),Si(OU,ll,), 

Ethylsilicon triethylato 150-5“ 0 0207 (C,H,jsi(()CBH[), 

Silicon totrncthylato . 105-5" 0-9070 SiiOC.H,). 

If tri-ethylsilicon ethylate be treated with acctic^nhydride, and the resulting 
acetic ether -triethylsilicon acetate, ((l2Hr>)3Si(0(2HjO)2—be hydrolyzed with 
potash-lye, it yields triethylsilicon hydroxide, (t^lIslaSilOH), which has a con¬ 
stitutional analogy with the carbon dcrivati^—triethyl earbinol, ((^HsfaC.OH. 
Acetyl chloride converts diethylsilieon diethylatc into diethylsilicon dichloridei 
(^zHsleSiC^, which boils at 148°, and is transformed by water into diethyl- 
sUicon oxide, (C2H5)2iliU, which has a constitution analogous with diethyl 
ketone, (€2115)200. Ethylsilicon triethylate is transformed by acetyl chloride 
into a fuming liquid, ethylsilicon trichioride, €211581013, which boils at about 
100°, and is transformed by water into ethyl sUidc acid, €3115810.011, which is a 
white amorphous powder with a formal analogy to propionic acid, C2H6CO.OH, 
and is accordingly sometimes called silicopropionic acid, or rilicipropionic acid, 
the corresponding methylsilicic acid, OH3.SiO.OH, is called Hlico-acelic acid, on 
account of its formal analogy with acetic acid, CH3.OO.OH. Silico-acetic acid has 
been made by the action of cone, hydriodic acid on methylsilicon triethylate, 
CH3.Si(OC3H5)3. Similarly, phenylsilicic add, O3H5.8iO.OH, is called silico- 
benzoic aetd oil account of its formal analogy with benzoic acid, CjH5.CO.OH; 
and benzylsilidc add, C;H7.8iO.OH, is called silicolduic acid on account of the 
resemblance of its formula with toluic acid, C7H7.CO.OH. These two compounds 
arc formed during the hydrolysis of the trichlorides of phenylsilicon or tolylsilicon 
respectively. F. 8. Kipping 4 has made a number of acids and anhydrides of the 
silicic acids—e.p. diphenylt^icanediol, (CjHjljSifOHlj ; anhydrohisdiphmyUUicane- 
diol, H(5(CjH5)2.Si.O.Si(CjH5)20H; as well as the anhydrides and some derivatives 
with three and four atoms of silicon iu closed rings: 
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g/SKp 

TrianbydrotridiphenyUilicanediol. 


(C,H5;,-Si~0-Si-(C^,)a 

0 0 

(C.H5),=Si-0-Si=(C,H.L 


TetranhydrotetrakiadiphenylsUicanediol. 


The rings in these compouiiils appear to be opened by hydrolysis with an alcoholic 
soln. of potassium hydroxide. J. A. Meads and F. S. Kipping specially remarked 
that “ no closed chain compound has yet been obtained which conthins in its mol. 
more than four atoms of silicon, and four atoms of oxygen.” 

Suppose that two mols. of orthosiUcic acid unite or condense with the elimination 
of one mol. of water, the scxivalent orihoixsilick acid, HoSi 207 , would be formed. 
Although the free acid is not known, several alkyl salts have been prepared. 
For example, C. Fricdel and J. M. Crafts ^ found hexs-ethoxyorthodisilicate, 
(C 2 Tl 50 )jSi. 0 .Si.( 0 C 2 ll 6 ) 3 , among the products of the action of aq. alcohol on 
silicon liexachloridc, SijClj. The liquid of sp. gr. I'OlbG (0°), boils between 233' 
and 238° (700 mm.); the corresponding hexsmethoxyorthotoilicate has a sp. gr. 
1’441 (0°), and boils between 201° and 202 5°. Lists of the compounds of silicic 
with organic radicles, qjid of other so-called organo-sdicon compounds, will be 
found in the standard works on Organic Cluimistry. 

J. J. Berzelius ® classified the silicates according to the oxygen ratio, that is, the 
ratio of the number of oxygen atoms in the base to the number in the acid. Thus, 
the silicate, R^SiO^, is regarded as a compound of 2 R 20 .Si 02 with the oxygen 
ratio 1:1; R 4 Si 303 , as iJRoO.dSiOj, with the oxygen ratio 1:3; orthoclase, 
NaAISijOj, as NajO.AIjOs.GSiOj, with the oxygen ratio 1:3. J. J. Berzelius here 
regarded the alumina as a base. F. W. Clarke also regarded aluminium as a 
tervalent base furnishing aluminium orthosilicate, Al 4 (Si 04 ) 3 ; and by various 
substitutions obtained formula) corresponding with numerous mineral silicates. 
It is, however, well known that alumina is an amphoteric oxide, for it sometimes 
acts as an acid, and sometimes as a base. It is therefore probable that in some 
compounds alumina, together with silica, acts as a complex acid, and in other com¬ 
pounds it acts as a true ba.se. Accordingly, a number of dilferent views liavV) been 
adopted as to the constitution of the alumiiuum silicates. 

In 1869, C. F. Rammelsberg t suggested that the aluminium silicates are really 
double salts of aluminiunf silicate and of a silicate whose basic element Is stronger 
than alumirdum. The two salts a^ united by a kind of residual aflinity as is 
supposed to bo the case with the alums. This view was adopted by D. A. Brauns, 
and V. Goldschmidt. They regarded leucite and beryl as compounds of E 4 Si 04 
and ALSi 309 ; nepholite and sodalite as coilipounds of R 4 Si 04 and Al 2 Si 30 i 2 ; 
and mica as a compound of 1198,309 and Al 2 Si 50 i 2 ; etc. 

.Another set of hypotheses assumes that many aluminium silicates are solid 
solutions or isotnorphous mixtures of silicates and aluminatea. For example, 
6 . Tschormak,® E. Bauer, W. Vernadsky, and J. Morozewicz have elaborated 
theories that a very great number of silicates are not really so complex as is sug¬ 
gested bv their empirical formula; because they are really mixtures of two or more 
simpler silicates. This hypothesis has been applied to e.xplain the structure of 
pyroxene, scapolite, mica, chlorite, etc. For instance, the scapolite ndnerals can 
all be rCgaindod as mixtures of two terminal members, meionite, Al 9 Ca 4 Si 9025 , 
and marialite, Al 3 Na 48 i 9024 Cl. It is probably true that many aluminium silicate 
minerals are isomorphous mixtures or solid soln. of two or more aluminium and 
other silicates. t 

From another point of view, the aluminosilicates can be regarded as salts of basic 
radicles wiik complex alumino-silicic acids, analogous to the complex siiicotnngstic 
or silicomolybdio acids of W. Gibbs.® These complex aluminosilicates are no more 
closely related to the silicates proper than the ferrocyanides are related* to the 
cyanides. The acidic character of some or all the alumina in the aluminosilicates 
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was indicated by P. A. von Bonsdorf,”* J. J. Berzelius, T. Scheerer, C. Boilceker 
W. Odling, and D. A. Brauns. The idea was contested by V. Wartha. In illustra¬ 
tion of the hypothesis that alumina may have acidic properties in the silicates, 
S. L. Penficld and H. W. Foote h suggested that the tourmalines and amphiboles 
are substitution products of tourmalinic and amphibolic acids where the hydrogen 
atoms of the hypothetical acids are replaced by different elements or radicles 
without change in crystalline form. W. Vernadsky’ and others have e.xtended 

S. .L. Penfield and H. W. Foote’s idea that the silicate minerals are salts of 
complex mineral acids which are in many cases more complex than is indicated 
by the empirical formula. The aluminosilicate minerals arc not regarded as 
salts of ortho-, meta-, or other silicic acids; nor as substitution products of normal 
aluminium silicate, but each group of minerals is regarded as comprising salts of 
particular aluminosilicic acids —mk heteropolyacids. Each group is characterized 
by a particular crystalline form, and considered to be capable of isomorphoiis 
substitutions. Just as it is convenient to refer the different silicates to moro'or 
less hypothetical silicic acids, so may it bw convenient to refer compound silicates 
to hypothetical aluminosilicic acids : 

Alumino-monosilicic acid, AIjOg.SiOa.nHaO 
AluminO'disilicic acid, AlaOa.Z.SiOj.nHiO . 

Alumino-trisilicic acid, AlaO 3 .. 3 Si 03 .»HaO 
Alumino-tctrasilicic acid, A)a 03 . 4 Si()..»Ha 0 
Alumiuo-pontaailicic acid, lUaOa.SSiOa.nHaO 
AUunino-liexaailicic acid, Ala 03 .flSi 0 a nlljO 

The hypothetical acids are sometime.s named after the leading minerals. The 
subject has been discussed by K. Scharizor, W. and B. Asch, K. Zulkowsky. It (Jans, 

T. Uffers, W. Pukall, W. Manchot, P. Erculisse, J. W. Mellor and A. 1). lloldcroft, 
W, Stremme, etc. It. Schwarz and H. Bausch have prepared a cohaltic silicato- 
aluminosilicate in which part of the silicate forms part of the. com])lex anion, and 
part is present as cation. This fact is taken to su))i)ort tlie aluminosilicate 
hypothesis. In his interesting inenioir : The Consltliition of the Natural Hiliealcs 

' (Washington, 1914), F, W. Clarke, argued that the natural silicates have probably 
a simple structiir* : (i) because of the small number^ a few hundred at the most 
—of the known silicates. If complexity were the rule, a far greater number might 
have been expected because of the diverse conditions unde{ wliich the silicates have 
been formed in thousands of different localities, (ii) As a general rule, also, com¬ 
plex structures are characterized by iustabiWy, whereas the silicates as a class 
are exceedingly stable. Again, in deciding between the rival formuhe, other 
things being equal, a symmetrical formula is preferable to an unsymmetrical 
formula because symmetry conduces to stability, and most of the silicates are very 
stable compounds. 

This of course does not tell against the aluminosilicate hypothesis. The main 
difficulty in practice is to distinguish between aluminium as a base, and aluminium 
as part of the acid complex. Consequently, in the subsequent di.scussion of 
particular silicates it is generally assumed that the aluminium is a base until riper 
knowledge enables a distinction to be made. There is, however, no particular 
difficulty in building up a system of aluminosilicates as consistent as that obtained 
by regarding aluminium as a tervalent base. J. Jakob, and P. Erculiipe have 
applied A. Werner’s system : * 

I.—Silicates with simple silicic acid ions : 

(1) BexoxysiUcatee. E.g. asperoliie, ^SiO,j^[SiOal^^Fe. 

• (2) Ptntoxyailicata. E.g. andaluaUe, [SiOa)AI,; tUanite., j^SiOjj^®(Fo). 

(3) Tetroxysilkatea. E.g. dioptaae. 


Exumplea. 

Awgito. 

Kaolinite. 

. Natrolit«. 
Pyropliyllito. 
Chabazite. 

. Felspar. 
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II.—Silicates with complex silicic acid ions: 

(1) MonotiUcohtxoxysUicates. E.g. terpeniinf, j^SiOj.SiO||g®.H,0. 

(2) DUiUcohexoxysilkateji. E.g. mr.er»chavm, 


r^'Digio iMgj 

[SiO, ‘JH, 


+»H,0. 


(3) Trmlkohexoxysilkateg. E.g. pyroxenes and derivations like lafc, 


[si(SiO.),j“«». 


III.—Silicato-salts: 


Al. 

Na,- 


(1) g'droxysilkato-saUs. E.g. neglhclife, j^AIiSiOilaj 

(2) Pentoxysiliraio-mUs. K.y. sillmanitc, fAilSiOftlalAIj. 

(3} flexoxyfiilicato^mlts. E.g. (Imnortieritc, [SiOjl^AIj. 

,(4) TrmlicoU'troxysilkalO'mlts. E.g. leticUe, j^A](Si 04 ,Si 0 j )3 j^NNa). 

(C) IlcxaeilkotHraoxysilkalo.saUs. E.g. orthodase, |^Al{Si 04 ,SiO 3 ,SiO|) 3 j^^‘. 


(0) Trisilkvgienlvxi/sihe(Uo‘saUs. E.g. rasonite, 


(7) liexasilkoj}mloxysiUcalo.sulls. E.g. polliix. 


l>b(.SiO,,.SiO,)3 


I’l'i 

Ca.. 

Cati, 


AI(tiiO„Si();,SiO,), 


Ala 

C's,, 

11 . 


(8) TrisHkohexoxysUkalo.saltH. E.g. olivine, tMg(Si 04 ,Hi 0 j,SiO 2 ) 3 ]Alg,l'’o 4 i. 


IV. ~ Compounds of a higher order in which not an atom, but an atomic grouping 
appears us the nucleus, E.fj. tourmaKnr. 

Many tyjics of those silicate compounds are able to crystallize both with and 
without water of crystalUzatiou, The association with water mols. is funda¬ 
mentally a |)artiul regeneration of complex hydrated ions. This renders possible 
subsequent dissociation on hydrolysis, 

W. and 1), Asch, in their work/b'cSibca/c in eJmiiisclivr und krlmischer Beiiehung 
(Berlin, 1911), have, inventciTau extraordinarily comprehen.sive hypothesis; they 
imagine that there are closed-ring polymers of silica, BiO.^, and alumina, Al^Os, 
arranged with five or six silicon or aluminium atoms alternating with oxygen 
atoms. Those rings with five atoius of .silicon or alundnium are called pentites, 
and those with six, hcxiics. Using the hexites and pentites as bricks in the hands 
of a builder, thi‘. inventor.s of the hypothesis builil up graphic formula; in which the 
composition of any given silicate or aluminti-silicatc is finally represented as a 
multiple of the ordinary empirical formula. This mode of representing the con¬ 
stitution leads to many more types of complex silicates than nature has produced. If 
the imagination can proceed unrestrained by facts, an indefinite number of similar 
systems could be devised with an indefinite number of pairs of similar kinds of rings. 

■ For instance, in addition to the hexite-pentite hypothesis, it is open .similarly to 
postulate an indefinite number of analogous hypotheses with pairs, 2-3,34,4-6 .. . 
of rings e.g. if a silicate has the empirical formula Mg 0 .Al 203 .Si 0 . 2 , and the mol. 
weight is unknown, in the ahsence of proof to the contrary, it is open to postulate mol. 
wts., (MJO.AlaOj.SiOiln, whore n has any desired integral value ranging upwards 
from unity. The inventors also represent by graphic formula; glassy mixtures 
containing an indefinite number of fused silicates, and also impure silicates definitely 
known to be mechanical nuxtures. F. W. Clarke rightly says of this system: “ A 
generalization which does too much may be worse than no generalization at all.”. 

These formula; stand virtually ou the same ground in iflustrating our extreme 
ignorance of the mol. constitution of the silicates. Hypotheses are often multiplied 
with reckless abandon when the evidence is feeble and the facts are fevt. This 
has been the case with the formuto of minerals. The hypotheses maj. serve a useful 
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purpose if they stimulate interest and work, but an inutile purpose if they hinder 
the exploration of other useful channels by a-bigoted and intolerant attitude toward 
rival hypotheses. The insolubility and non-volatility of the silicates prevents 
a determination of their mol. wt.; and their general chemical stability offers a 
great obstacle to the study of their mol. constitution by the usual chemical methods. 
S. J. Thugutt,i2 Lemberg, F. W. Clarke and co-workers, G. Steiger, P. G. Silber, 
etc., have made a start on the substitution of radicles in the silicates; atul on 
the fractional decomposition of these compounds —vide permutites and hydrated 
aluminium sihdates. A. Damour, C. Boedeker, C. F. Kammelsbcrg, A. Laurent, 
A. Beutell and K, Blaschke, etc., have studied the nature of the water in some of 
the hydrates—inde zeolites. According to G. Tammann, the mol. sp. Jits, of the 
silicates are additive, and therefore the molecules are independent, and at temp, 
far removed from their m.p,, do not vibrate appreciably. Hence, only in the 
neighbourhood of the m.p, do isomorphous complex substances diffuse into one 
another visibly. In solution, silicates undergo hydrolysis, and their behaviour in a 
soln. therefore gives no definite informatioA as to the molecules whicli exist in the 
solid. The complex silicates differ from the carbon compounds in that they 
are usually decomposed when dissolved or in the fused state, and the mol. 
theory of organic chemistry finds no application in th (4 chemistry of silicates. 
As H. E. Boeke has shown, in a few cases determinations of surface tension, 
electrical conductivity, diffusion, and depression of f.p. have been cmjiloycd to 
make an estimate of the mol. wt. The study of the space-lattice through the 
X-radiograms seems at the present time to hold alluring jiromisos for the next 
advances of our knowledge of the constitution of the silicates. Altliough the 
existence of definite radicles are being recogiuzcKl yet the condition of this 
branch of chemistry is very like that of the organic cliemistry before Avogadro's 
hypothesis had been adopted as a guide. Such mol. furmulte as we have are at 
present of doubtful validity. After all has been said, the, constitution of the 
silicate.s is not much in advance of A. Laurent's time, when he could say in his 
Memoir snr ks s^ilimtcH: 

Wo have a silicftto that contains Si|308iMg,jAl4lf ^o, and we discuss seriously wJjother 
the atoms have the arrangement (liSiOn.21Mgrt)-f 2 (Si() 2 .AlaO.,) + 10Aq. ; or 
7(SiOj3MgO)-f 2(3SiOj.AU(>,)-f 16Aq. ; or, 7 (Si 63 . 3 Mg 0 . 2 H, 0 )-i 2 (. 3 Si 6 j.Al 203 )-j-Aq. ; 
or a hundred otlier similar formula). What is there to prove tjiat the silica is distributed 
into throe principal groups; that the magnesia forms two distinct cf>nibinations : that the 
water occupies two different places t Does this by its reactions split into magnesian 
silicate on the one hand, and an alumino-magncsian silicate on the other ? I have often 
road the discussions tliat have t-aken place on this subject, and 1 avow tliat I have novor 
found anything but what was arbitrary or according to routine; what I saw most clearly, 
was that, in general, the greatest regaru was paid to autliority. . . . We should arrive at 
results quite as satisfactorily by putting the atomic letters of a fonnula into an um, and 
then taking them out, haphazaM, to form dualistic groups. 


Graphic methods for representing the compOBition of the wilicate minerals have 
been discussed by E. S. Fedoroff,i=i J. Stiny, J. F. Kemp, J. B. Iddings and 
co-workers, C. K. Leith and E. C. Harder, E. Steidtmann, W. J. Mead, W. Lindgren, 
F. L. Ransome, J. Stiny, W. Cross, L. V. Birsson, H. 8. Washington, W. H! Hobbs, 
L. C. Gratun, A. Lacroix, W. 0. Brogger, H. Kosenbusch, 0. MUgge, A. Osann, 
F. Becke, A. Michel-L^vy, A. Harker, J. R. Dakyns and J. J. H. Teal), E* Reyer, 
W. S. von Waitershausen, V. A. Eyles and J. B. Simpson, E. T. Wherry, etc. 

Tim synthesis of minonls. —‘The purest of minerals nearly always contain foreign 
matters which were originally present in the medium in which the crystals were 
formed. Analysis may then fail to reveal the true comjmsition of the mineral, and 
^ artificial preparation may not distinguish between the essential and accidental con¬ 
stituents. The experiments which have been made on the synthesis of minerals have 
shown fhat many of them are definite chemical compound, and have established 
numerous points of coutact between the two sciencaa—chemistry and mineralogy. 
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The experiments arc no less useful in enabling geologists to appreciate the con¬ 
ditions which prevailed during the formation of the difierent mineral species, 
although, as was emphasized by E. lTemy,t* nature sometimes works under 
conditions quite different from those which prevail in the laboratory. Still, as 

G. W. von Liebuiz has said, la nature n’esl qu’un art jtlus en grand. Indeed, H. B. de 
Saussure asked; Ces kis ginerales da morale physique n'agissenipUes pas dans •nos 
laboratmres de mime que dam les souterraim des riumtagnes ? To-day, we realize 
that the answer must be : Oui, certainement. It has, however, not yet been found 
possible to synthesize some minerals ; and it may be that it never Will be possible 
to do so. This does not mean that the answer to the above question is in the 
negative. Take a simple case. A reaction may be so slow at ordinary temp, 
that an indefinitely largo number of years is needed for the production of a par¬ 
ticular compound. The reaction might be accelerated by raising the temp., but 
the products of the reaction might then be unstable and decompose. The synthesis 
of Such a mineral could not be realized under ptacticable conditions. 

The older researches of W. A. Lampadius,'® N. G. Sefstrdm, P. Berthier, J. Percy, 
F. Leblanc, and C. Bischof; and the more recent work by C. S. B. Richardson, 
A. L. Day and E. S. Shepherd, H. 0. Ilofman, W. Mostowitsch, R. Akerman, 
0. Boudouard, P. Gredt^H. Stellc, J. \V. Cobb, and others show that the tempera¬ 
ture ol lormation of a silicate may he tower than the fusion temperature of the com¬ 
ponents. provided they an! finely ground, *nd intimately mixed. C. F. Plattner’s 
observation to the contrary—the fusion of a silicate occurs at a lower temp, than 
that at which its components originally fuse when they enter into combination— 
is probably based on the use of mixtures ueitlier finely ground nor intimately 
mixed; and without taking the time-factor into consideration. 

Silicates have been formed by fusing a mixture of the basic oxide or salt with 
silica -e.g. the alkalies and alkaline earths, lead o.xide, magnesium oxide, etc.; 
by I he action of various bases on gaseous silicon halide, etc.; by the dissolution of 
silica gel in a salt soln., or by the treatment of a soln., of an alkali silicate with 
other salts whereby less soluble silicates are proci])itated—CUSO4-I NajSiOs 
—NaaSOj-f-CuSiOj. Silicates imitating natural minerals have been synthesized 
in numerous ways, for example: (1) By heating a mixture of the required con¬ 
stituents with boric oxide iiqSay, a porcelain kiln; the boric oxide is volatilized, 
and the crystalline mineral is obtained.'i’ (2) By heating a suitable mixture with 
alkali carbonate or by the fusion of the required base wilh a suitable borate 
or silicate. (3) By heating the oxi^o or a suitable salt with silicon halide -e.p. 

H. St. C. Deville’s tt synthesis of zinc orthosilicatc by heating zinc oxide in a tube 
in a current of silicon fluoride : SiF^-f 4Zu0--ZnjSi04-|-2ZnF2—the zinc fluoride 
volatilizes. (1) By heating the metal in a strt'am of water vap. and silicon halide 
■— e.g. S. Meunier’s synthesis of enstatitc by heating magnesium in a current ol water 
vap. and silicon chloride. (5) Silicates are often found well crystallized in furnace 
slags and similar products. (6) By heating soln. of alkali silicates, may be under 
press, with sodium alnminate.,'or some other metal salt. (7) A. C. Becqiiercl also 
obtained a number of crystalline silicates by electroeapillary action.'® Crystals 
of the lime-soda felspars, baryta-soda felspars, and anorthite have been obtained 
by fusing the corresponding mixture ol silica, alumina, lime, and soda. The alkali 
felspars are too viscid when fused to crystallize in this way. Crystals of both albite 
and orthbeltKC have been obtained by fusion along with tungstic acid, an alkali 
tungstate or phosphate, or an alkali fluoride. F. Fouqu^ and A. Michel-Levy 
obtained barium, strontium, and load anorthites, ohgoclascs, and labradorites by 
fusing together mixtures containing 2-4'5 mols of silica; one, of alumina'; 0-0'625, 
of sodium carbonate; aud O'375-1 0, of lead, barium, or strontium oxide. 

One great difficulty attending the synthesis of silicates is their tendency to forii\ 
glasses when the constituents arc fused together. Some of these glasses readily 
crystallize it slowly cooled, but not if rapidly cooled. The presence of I'ertain 
substances in the molten magma may promote rapid crystallization. ,For instance. 
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a tungstate or vanadate promotes the separation of crystals of felspar when mixtures 
of alkali, silica, and alumina are fused together. Certain gases, too, favour crystal¬ 
lization— e.g. nitrogen gas favours the conversion of amorphous into crystalline 
zinc sulphide. H. St. C. Deville,^® following E. de Beaumont, employed the term 
agents mlneralisaleurs or mineralizers for the substances which favour crystallization. 

Je les characterise par cette perp<5Uut4 de leur action qui se continue indolinimont 
jusqu’a ce qu’elle soit fix6e par les maticres autres quo colies sur lesquelles olios sont appole^es 
a r^agir pour aingi dire par leur seulo presence. 

The agents mineralisateurs have also been called cristalUsateurs, and Krgstallisatiun- 
agentien. The most common mineralizing agents are the chlorides and fluorides 
of calcium, magnesium, alkalies, and silicon; the borates, phosphates, and tung¬ 
states of the alkalies or alkaline earths. Although in some cases the action of the 
mineralizing agent may be catalytic—whatever that may mean—this does not 
appear to be usually the case, for the addition may act by diminishing the viscosity 
or solvent action of the magma, or by lo'#ering the temp, limits of its stability. 
For example, calcium metasilicate separates above 1200° in hexagonal crystals, but, 
in the presence of calcium fluoride or sodium borate, monoclinic wollastonite 
separates at a temp. 200°- 300° lower. Again, m 1’. Haii^deuille’s -i experiments 
on the formation of quartz by heating silica with lithium molybdate below 900°; 
without lithium molybdate a temp, exceeding 900° is necessary for tlie crystallization, 
and tridymite is formed. P. Haulefeuille also synthesized other siheates in presence 
of tungstates or vanadates, e.g. with a mixture of silica, alumina, and potassium 
tungstate, orthoclase was obtained ; and leucite if the alumina be in exce.ss; with 
lithium tungstate, petabto was formed ; and with ferric-oxide, pota.ssium hydroxide, 
and silica ferri-leucite was produced. Other substances may retard crystalliza¬ 
tion—alumina, for instance, as shown by J. Pclouze,-- L. Apjiert, G. Bontemps, 
and J. H. L. Vogt, promotes the formation of glasses, and retards devitrification. 

Other examples of the different syntheses are indicated in connection with 
specific minerals. The more important monographs on the subject are : 

A. Daubr6e, Ittvdes synthitiquea de gtologie exfirimentah, I’aris, 1879 ; F. Fouqu6 
and A. Micliel-Lbc^, Synihiee dee mintranx it dee Paris, 1882 ; S. Meunier, Lee 

met/todee de eynthtee en tmntralogie, raria, 1891 ; H. Micbot, IHe kunettieiien Ede.leiein, 
Leipzig, 1914; A. Gurlt, UehereiclU der pyrogcnniten kitnetliehen Mmcralien, Freilrerg, 
1867: L. Bourgeois, La eynthhe mineixtlog-tgue, I'arie, 1884 ; tteproduetiim par vote ignie 
d*un certain nonibrc d’eepecee miniratee apparlenar^atix fatmllee dee eilicaiee, dee tUanaiee 
et dee carbonatee, I'aria, 1883 ; E. Bittler, Mincral.i^dlieUeeliee Lraltikump Dresden, 1915. 
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§ 28. The Alkali and Ammonium Silicates-Water-glass 

In the first century of our era, fliny i de.scribed the prejiaration of a glass by 
fusing together a mixture of wliite .sand witli tlirco parts of nitre. (J. B. Porta 
likewise prepared a glass by fusing rock cry.stal and cream of tartar ; and 0. Agricola, 
by fusing flint and cream of tartar. J. B. von ilelmont said that this glass 
. deliquesces when kept in a damp place. He added : 

U stones, gems, sand, marble, flint, etc., bo boiled in alkali lye, they wiil dissolve, and 
the liquid when treated by acids, will yield a dust (precipitate) weight.to that of 

the original mineral used. 

J. R. Glauber called the soln. of flint in alkali-lye liipm silicum or oletm silkum 
—oU or Uqttor-.of flints, sand, or crystal—and added: 

Take one part of white quartz or sand, mix it with three or four parts of salt of tartar 
or any other alkali, and put the mixture into a cruoiblo so as not to fill more than one- 
third of it; since otherwise, in melting, the mixture would rise and flow out of the crucible. 
Let it stand in the fire half on hour that it may be well ignited and changed to a pellucid 
•glass Pour it out, and dissolve in water or bettor in lyo ; and the sand or silica will bo 
dissolved, and changed into a thick water. The transparent clear glass is nothing but the 
most flked parts of the salt of tartar and of flint united by heat, and turned to a soluble 
glass-wherein liee hidden a great heat and fire. Bo long as it is kept dry from the air. 
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it cannot be pereoived in it; but if you i)Our water on it, then ite secret heat will discover 
itaeli. II you make it into lino powder in a warm mortar, and lay it in a moist air, it will 
dissolve and melt into a thick fat oil, and leave some freces behind. 

3. N. von Fuchs, in 1818, made soluble soda-glass by fusing a mixture of 150 
parte of white sand, 100 of soda ash, and 3 of charcoal in a reverberatory furnace, 
and extracting the cold glassy mass with water. The aq. soly. was evaporated 
to dryness and fused to form what he called Natronwasserglas ; with potassium 
carbonate, in place of sodium carbonate, Kaliwaserglas results. Many other pro¬ 
portions have been recommended by 1’. Ebcll,^ A. Mitscherlioh,'J. M. Ordway, 
J. von biebig, G. Forchhammer, D. A. Peniakoff, H. Propfe, B. von Ammon, 
H. V. Itegnault, i. A. Buchner, H. Fleck, etc. Commercial water-glass is made 
by J. N. von Fuch’s process, and the glassy mass is extracted with water in an 
autoclave. J. M. Ordway used sodium sulphate as the source of the alkali. If 
, alumina, lime, or magnesia ate present, the product will not be soluble. The 
attempt to make hydrogen chloride and sodiuqi silicate by the action of steam on 
a mixture of sodium chloride and silicae-discussed by R. A. Tilghman, W. Gossage, 
R. Lieber, H. Griineberg and J. Vorster, H. H. Lake, C. F. Claus, and A. Ungerer 
—has not been successful (2. 20, 28). K. Schliephacke and H. Riemann fused 
felspar or a silicate rocl^—c.g. granite—with raw carnallite, and extracted the mass 
with water. Water-glass is also made liy wet processes. For example, J. N. von 
Fuchs dissolved freslily precipitated silicicacid in an aq. soln. of the alkali hydroxide. 
Soln. of alkali silicate with a delinite ratio of base to silica were made in this way 
j by J. M. van Bemmelen, F. Mylius and F. Forster, R. Liipke, L. Kahlenberg and 
I A. T. Lincoln, etc. Commercially, water-glass i.s made in the wet way by dissolving 
! powdered flint, quartz, or kieselguhr in a soln. of sodium hydroxide of sp. gr, 1-22- 
j i’24 under 3-4 atm. press, in an autoclave for about 3 hrs. E. Klcinschmidt and 
I F. Steinberg recommended calcined kieselguhr. The soln. is heated by blowing 
in steam; and the liquor is finally evaporated in iron pans to a sp. gr., say, 1'7. 
If the water-glass contains more silica than corresponds approximately with 
NiijO.SSiO.^, the excess of silica for water-glass is particularly liable to separate from 
the soln. The use of kieselguhr as a source of silica has been discussed by .f. von 
Liebig. 3. M. Ordway, A. Scheuror-Kestner, and R. Meyer. J. W. Hinchley discussed 
the preparation of sodium silicate from the Icucite residues left'after the removal 
of potash and alumina. To convert the liquid into tlie solid form E. A. Paterson 
recommended warming H at 00° under reduced press, until the water-content is 
30 per cent. The solid product is^round to a fine jiowder and dried until the 
water-content is 12 per cent. The resulting dry powder is readily siduble in water. 

According to ,J. N. von Fuchs, and J. .\L Ordway, water-glass in 10 per cent, 
soln. is purified by treating it with one-tenth its weight of alcohol whereby the 
earths and metal oxide impurities are precipitated; after standing a few hours, 
one part of the filtrate is treated with two parts of alcohol when most of the sodium 
silicate is precipitated. This can be dried on absorbent paper, dissolved in four 
times its weight of water, and the alcoholic treatment repeated—3 or 4 times if 
necessary. A. Liclcgg had previously recommended the alcohol process for purify- • 
ing water-glass. E. Jordis recommended digesting the soln. of water-glai» at 60° 
for some' time, when the flecks which separate contain most of the impurities. 

The manufacture and properties of water-glass have been specially discussed 
by E. Ropp, A. A. Perazzo, 0. Maetz, G. Deguide, W. H. Stanton, L. Schneider, 
J. M. Ordway, H. Zwick, J. W. Hinchley, L. Bernhard, H. Kratzer and L. E. And^s, 
M. Lenglen, F. Capitaine, F. C, Kuhlmann, F. Ransome, L. W. Codd, C. Bcrgeat, 
W. H. Dickerson, L. Schneider, W. H. Stanton, etc. According 4o F, J, Phillips, 
to obtain a soluble alkali silicate of high silica content, the product obtained 
by the fusion of alkali and silica is dissolved in water and an acid thep 
added. Gelatinous silicic acid is precipitated. This precipitate by con¬ 
tinued agitation is made to re-dissolve. The acid, preferably sulphmlc acid, 
may be added in the form of spray, and after the subsequent agitation 
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or grinding, the soln. may be evaporated to dryneas. To increase the fuaibiiii^t 
of the alicali and silica, a little borax has been employed. I, P. Lilm* 
evaporated the aoln. by bringing a heated cylinder in contact with the soln. of watte*' 
glass in vacno, and so obtained the dry product which could easily be broken Bp 
into fine flakes soluble in water; and W. Clayton and H. \V. Richards sprayed ^ 
soln. into the top of a tower where hot air was introduced at 110° ; the exit gaaee 
at the bottom passed through bag filters to collect the powdered silicate. A solid 
soluble glass is made by grinding the ordinary insoluble glass either dry (R. M. Cavan) 
or wet (J. W. Spensley and co-workers), and heating the product mixed with a little 
water, until a vitreous solid is obtai.icd which dissolves readily and completely even 
in cold water. 

The composition of some commercial gradi'S is shown in Table XI. Many other 

» • 

Table XI. —Composition op Some Commesi iai. Gkai>es op Watbk-glass. 

Q 



Moiticular ratio: 

Weigiit ratio: 


Sp. gr- 

SK)|* 


1 I'er cent, soild 
iu f<o)n- 

j 

1235 

4-2 

4-06 

2«-8 

1325 

3-8 

3 68 

33-4 

1-375 

3-0 

2-92 

36-5 

1-39 

33 

3 21 

38-4 

1-42 

33 

3-21 

40 0 

15 

2-9 

2-82 

44-5 

I-5U 

2-5 

2-38 

46-7 

1-0 

20 

1-95 

48-7 

17 

20 

1-95 

54-6 


grades are available for special purposes. In addition to these soln., silicate of 
soda can also be obtained in the form of lump glacis, which can be dissolved in- 
press, dissolvers at high temp., and also in the form of white powders which can be 
easily dissolved in hot water. These powders usually contain 15 to 20 per cent, of 
water and 85*to 80 per cent, of solid sodiuiil silicate. In order to prepare water- 
glasses rvith a high silica content, F. J. Phillips and E. .1. Rose dissolved precipitated 
silica in a aoln. of water-glass. 

The properties of water-glass.— After a soln. of water-glass had been exposed to 
the atm. two days, H. Ditz detected nitrous acid in the soln., and the amount 
increased as time went on. No hydrogen dioxide could be detected by means of 
titanic acid. When a three months old soln. is acidified with hydrochloric acid, 
carbon dioxide is evolved, and there is an odour resembling chlorine, though none 
can be detected. The chlorine found by E. Jordis may have been due to the action 
of decomposition products of nitrous acid on hydrochloric acid in presence of ferric 
and manganese compounds. Fused water-glass is dissolved by cold watet 'very sloWly, 
and even with boiling water the process is slow, and it proceeds so uniformly that the ■ 
bits retain to the last their original form, except for a rounding of the sharp angles. 
If the proportion of silica be greater than that of a disilicate, the process of dis¬ 
solution is tardy, and this the more the greater the proportion of silica. F. Mylius 
and F. Forster said that water-glass is decomposed by water into free alkali and 
silicic acid, a certain proportion of the latter becoming hydrated and dissolvcdj 
The soda water-glasses dissolve rather more slowly than the potash water-glassei 
The monosilicates are comparatively quickly dissolved. W. Pukall said th*! 
hoda and potash glasses are about equally soluble in water, and the solubility 
each falls with increasing silica content. The solubility is greatly impeded if eartl 
impurities be present, so that sands containing mica, felspar, lime, clay, iron oxid 
etc., ate not suited for making water-glasses. When a water-glass containing th> 
impurities is treated with boiling water, earths and metal oxides may be left 
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an ioaoluble sediment. Some foreign matters may be dissolved because a soln. of 
water-glass can dissolve traces of most oxides, and the solvent power inqfesses with 
the cone, of the soln. Hence, a soln. which is slightly turbid when dil. becomes 
clear by cone.—and conversely. P. A. Bolley, indeed, found that even the oxides 
of calcium, barium, and magnesium are slightly soluble in water-glass liquor. Dry 
water-glass coloured with manganese oxide is pink or violet, and, as F. C. Kuhlmann 
showed, it furnishes a pink or brown soln. A cone. soln. of water-glass is syrupy; 
and, when boiled, or cxiiosed to air, it becomes covered with a tough skin which 
disappears when thrust heneath the surface of the liquid. The general properties 
ol water-glass were discussed by J. G. Vail. sH. Steele and J. W. Mellor found a 
sample of soda water-glass with IG'l per cent, of alkali, calculated as soda, 36’6 
l)or cent, of silica, and 48'3 per cent, ol water, or .Gl'T per cent, of No.20:2'3Si02, 
had a sp. gr. 1-71; • 

I'or cent. Na.O; 2-3SiO, . » . 51-71 48-61 41,35 35-8!) 24 46 

Sp.gr.. ... 1-71 1-64 1-52 1-44 1-28 

The liquor known in commerce as waler-glhss is a colloidal soln. ol silica in a 
soln. of sodium silicatii; the ratio NaoO : SiO.^ varies molecularly from 1 :1'5 to 1:4. 
I'hc jiossible “ dry contents ” of a soln. increa.He.s greatly as the proportion of silica 
lecrcases, and at the sanu! time, the viscosity of the liquid at a given sp. gr.- 
^ecreases. Thus, according to R. Furness, with two soln. having the ratios 1:1'S 
and 1:4, the former is a thin liquid easily poured, while the latter is jelly-like 
and stiff. He gave for the viscosity in C.G.S. units at 20° : 

Sp.gr . 1-4250 1-4385 1-3680 1-3698 

Ratio Na.O : SiO, .... 1:3 26 1:3-16 1; 3-63 1:3-48 

Viscosity.21-0 10-8 31 17 

J. D. Malcolmson found that the vol, of adhesive water-glass could be increased 
25 per cent, without impairing the viscosity and other desirable qualities by the 
addition of urine. After the liquid has been evaporated at a high temp., the water- 
glass is malleable and very tenacious ; and it may be drawn into threads like melted 
glass. It dries to a varnish ol stony hardness when spread in a this layer, but it 
docs not part with its water except g8 the alkali is carbonated. J. F. Spencer and 
K. Proud obtained orthosilicic acid at the anode by the electrolysis of a 60 per cent, 
soln. of sodium silicate. The cathode was a platinum dish, and the anode a coil of 
platinum wire in a porous cell. 

J. N. von Fuchs found that air-dried water-glass retained 12 per cent, of water ; 
and J. M. Ordway found that a layer 0 26 in. thick retained 29 per cent, of water 
after being kept in a dry atm. for 2 years. The cake was then capable of bending 
under a steady press. The last portion of water was expelled only at a red heat. 
The affinity of water-glass for water is shown by the generation of heat observed 
by F. Mylius and F, J'orster when the two substances are mixed. Fifty grammes of 
pulverized potash water-glass, K^O.SSiOj, were well mixed with enough water to form 
a thick pulp, which was loft to itself at 18°. In a quarter of an hour the temp, had 
risen to 32°, knd it remained at about this temp, for a long time. When the same 
glass, mixed with a little water, was warmed on a water-bath at 55°, the temp', 
of the mixture rose in a few minutes to 80° ; and in about ten minute the pu^ 
had solidified into a homogeneous mass. This'property accounts for water-glass 
setting like hydraulic cement, under water. The pulp formed by the swelling-up 
|Which occurs when it absorbs- water, cements together the as yet unhydrated 
ipafticles of the powder. In a day or two it becomes a glassy mass, of the hardness 
j^>f stone, containing up to 60 per cent, of water. When heated, it gives out this 
(.ji'ater with -violent tumescence; and at a red heat it acquires the character of 
jjjUmioe. Soda water-glass combines with cold water much more slowly. When 
idueed to powder, and kept under water, it takes two or three months to harden. 
'-. W. Morey represented his observations on the effect of press.— i.e. the amoqnl 
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of water added—on the solubility of water iu water-glass by Fig. 55. Aooording to 
W. Stericker, soln. of sodium silicate are shown by the ultra-microscope to be two- 
phase systems, and the disperse phase is negatively charged. 

He said that when, say, 2 grins, of anhydrous glass of the 
composition KjO; SiOj is heated with 1-5 c.c. of water, the 
cooled product is a hard homogeneous bydruted glass contain¬ 
ing 8 -^ per cent, of water. The amount of water retained 
by the glass depends on the temp., and increases as the 
proportion of water initially employed is increased, in general 
accord with Henry’s law. As the water-content of the glass 
increases above 25 per cent, the product passes gradually, 
and continuously, from a hard, brittle glass to a very stiff 
paste, and finally to a very viscous soln. resembling ordinary 
water-glass. This is a striking illustration of the fact that 
U glass is merely a supercooled liquid. Similar hydrated 
glasses were obtained by A. I. Walcker, J. N. von Fuchs, 

J. M. Ordway, etc., by evapoiating aq. soln. of water-glass; 
for they noted that the last portions of water arc e.vpeUpd only 
at a temp, approaebing redness. The hard glasses were liquid at the temp, of their 
formation so that liquid soln. containing water and alkali silicate, may exist in 
equilibrium with solid and vapour up to 500“. It should also be pointed out that 
these hydrated glasses, liquid at the temp, of the experiment, may be regarded 
as fused mixtures, for the m.p. of the alkali silicate is greatly lowered by the addition 
of water. For example, K 2 S 12 O 5 melts at about 1015“, but addition of about 8 pet 
eent. of HjO lowers its m.p.. to about 500“. J. N. von Fuchs, A. 1. Walcker, 
J, M, Ordway, C. Barus, etc., noted the swelling of hydrated glasses when heated ; 
and tr. W. Morey said that if a fragment of the clear, homogeneous, hydrated glass, 
the size of a pea, is contained iu a 30 c.c. crucible, and heated over a flame, the sub¬ 
stance swells enormously, often overflowing the crucible; the swelling continues 
until most of the water has been driven off. The spongy or immiceous mass is 
composed of vesicles of the alkali silicate glass, often with walls thin enough to show 
interference colours. 

In 1775, J. C. F. Meyer observed that liquor silicum diluted with a certain 
amount of water may bo mixed with acids without precipitation ; and he assume^ 
that silica is cither soluble in these acids or else is transformed into another earth. 
T. Bergman showed that the silica is preciiiitatcd if the soln. be not too dil.; and 
when the soln, is dil, he said that the particles of silica are so finely subdivided that 
they remain suspended in the liquid. When^ dil. acid is added to a dil. soln. of 
sodium silicate, there is no immediate precipitation of silica, but after some time 
the whole liquid gelatinizes. The coagulation is faster with sulphuric acid than it 
is with hydrochloric acid; with the latter, the change may be delayed a long 
time, and the mixture may even be heated and partially evaporated without 
coagulation. According to T. Bergman, if acid be added sufficient just to neutralize 
the alkalinity of potash water-glass, the liquor remains clear, but it becomes turbid 
when boiled. According to J. Dalton, the addition of an acid, not sufficient for 
neutralization, precipitates a compound of alkali and silica, but with jnore acid, 
silica is precipitated as a gelatinous hydrate, some silica is left in soln., and this the 
more the greater the degree of dilution, and the less the acid employed. According 
to L. Doveri, an excess of acid added drop by drop to a sob. of potash .water-glass 
of sp. gr. 1'20(>-1'332, precipitates 0 9 part of the silicic acid; with a soln. of 
sp. gr. 1'069, 0 4 part of the silicic acid is precipitated; and with a sob. of sp. gr. 
1‘029, the silica remains in sob.; but if the acid be added at once, and not b 
drops, or if the silicate liquor be added to the acid, no precipitation occurs even 
with cone. sob. The addition of potassium chloride to a silicate sob. of sp. gr. 
,1'043 renders it mcapable of being precipitated by hydrochloric acid. Ho said: 
“ The silica appears to combine with the acid at the moment of liberation, far on 
von’’ vr. T 
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neutralizing the acid with a eoln. of potassium hydroxide added drop by drop, the 
whole of the silica is precipitated.” According to C. J. B. Karsten, if a dil. s&icate 
liquor be supersaturated with sulphuric, hydrochloric, nitric, or acetic acid, it remains 
clear even after long standing or exposure to heat, or when potassium nitrate 
or other salts are dissolved in it; and it is only by evaporation that the gelatinous 
silica is obtained. A. I. Walcker said that a soln. of soda water-glass diluted so 
as to contain 0 025-OT0 part of silica immediately gelatinizes when neutralized 
by an acid; with 0 01-0 02 part of silica, it does not form a jelly until after the 
eispse of 12 hrs.; and with 0 002 part of silica, no gelatinization occurs. J. von 
Liebig, 0. Maschke, H. Rose, W. Lange, E. Ludwig, E. Jordis, C. Friedheim and 
A. Pinagei, ete., have made observations on this subject. 

According to A. Hautzsch, F. Kohlrausch, and E. Jordis, an aq. soln. of alkali 
silicate has an alkaline reaction whatever be the proportion of acid to base. The 
hydrolysis of aq. soln. of alkali silicates is discussed below. According to E. Jordis, 
soln, of water-glass, freed from carbon dioxide, can be accurately titrated by acids 
with phenolphthalein as indicator, but with technical soln., the phenolphthalein 
fails mdre and more as the soln. is diluted, while the titration with methyl orange 
as indicator remains exact.t F. Mylius and E. GroschuS found that the neutral 
point with hydrochloric acid using methyl orange as indicator varies with temp, 
and cone. W. Ludewig foun3 that with increasing dilution, the amount of normal 
acid required for neutralization increases if methyl orange is used as indicator, and 
decreases if phenolphthalein is employed. Methyl orange gave the best results. 

A dil. soln. of water-glass absorbs.carbon‘dioziife from the atm.; but a cone, 
soln. scarcely absorbs any of that gas, and it is decomposed by a stream of carbon 
dioxide and gelatinized. Similar results are obtained when the soln. is treated with 
hydrocarbonate). According to F. C. Kuhlmann, when a soln. of water-glass is 
exposed to air, in about a fortnight it is converted into a transparent jelly which 
gradually shrinks, and in a few months is hard enough to scratch glass. 
C. J. B. Karsten found that if a dil. soln. of silica be supersaturated with hydro¬ 
chloric acid, and then mixed in a closed vessel with enough ammonium carbonate 
to neutralize the hydrochloric acid, so that carbon dioxide is liberated in the liquid, 
the sUica remains in sobi., but separates on exposing the liquor to air, or on heating 
the liquor so as to drive the carbon dioxide from the soln. He therefore infers 
that the dissolved gas helps to ketp the silicic acid in soln.; but thishonclusibn does 
not agree with other observations. The action of carbon dioxide and of alkali 
hydrocarbonates has been ebudied by L, Doveri, 6. Lunge and W. Lohofer, and 
E. Jordis. A cone. soln. of water-glass in the cold, or a boiling dil. soln., was found 
by L. Doveri to be coagulated by boric acid, sulphurous acid, tartaric acid, and by 
citric acid. F. A. Flttckiger found that a soln. of water-glass is coagulated by 
chlorine, and bromine, but not by iodine. 

When a few drops of dil. sob. of a metallic salt are added to water-glass, the 
precipitate first formed will generally disappear when the mixture is agitated. 
Consequently, liquor tUicum may dissolve appreciable amounts of oxides of iron, 
zinc, manganese, tm, lead, copper, and mercury. Water-glass sat, with a zme salt 
deposits a zinc salt when allowed to stand for a little while, and it may coagulate 
into a gelatmous mass; sodium zincate gives no change at first, but a precipitate 
soon forms. A highly alkaline sodium stannate may produce no change, but 
J. M. Ordway showed that with the normal alkali staimate, gelatinization may 
occur in a few hours or days. Alkali aluminatcs or berylltUes also cause precipitation 
very quickly j while aUcali manganates or chromates prince no alteration. Fmely- 
dividra lead monoxide coagulates the bquor, while the anhydrous oxides of zinc, 
mercury, and copper, or the hydroxides of iron, aluminium, and chromium, slowly 
change into silicates. Most metallic sidts react with the liquor producing the 
colloidal metal silicate accompanied by a thickemng of the whole mass. H. Ota 
and M. Noda obtained colloidal silicates by adding dil. sob. of water-glass to dil, 
sob. of salts of copper, silver, magnesium, sme, aluminium, titanium, manranese, 
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iron (ous), and cobalt; and lie studied the indophenol reaction with the 
products. 

The fonnation of metallic silicates is well illustrated by a familiar experiment—sffiea 
panisn : a litre beaker is hlled with a sola, of sodium silicate (sp. gr. 11) and crystals 
of, say, cobalt nitrate, cadmium nitrate, copper sulphate, ferrous sulphate, nickel sulpliate, 
manganese sulphate, zinc sulphate, etc,, are allowed to fall into the beaker so as to rest on 
different parteVf the bottom. The whole is allowed to stand overnight in a quiet place, 
when plant-like shoots are obtained which have a form and colour characteristic of each 
metal. R. Rottgdr, K. DoUfus, and G. J. ilulder discussed the nature of the silica trees. 

B. von Anunon said that the precipitates obtained with metallic salts are 
usually metal silicates, and, in some cases, double silicates. L. Ooveri found that 
copper andferrous stdphales, lead acetate, and silver nitrate precipitate mixtures of the 
metal silicate and hydroxide, and silicic acid. The action of ferric hpdnmde at lOO” 
resulting in the formation of a silicate Ws studied by J. Lember, 0. Q. C. Bisohof, 
and A. Daubrie. According to B. Borntrager, crystalline silicates can be produced by 
adding to a dil. soln. of water-glass, 10 jrer cent. soln. of the softs of calcium, barium, 
aluminium, chromium, iron (ic) nickel, cobalt, manganese, zinc, uranium, copper, and 
tin. W. Hennis studied the reaction with ferric chlpride, and ferrous and cuprio 
sulphates. F. Ulffers studied the reactions of water-glass with metal hydroxides 
and salts; and li. Eberhard, the effect of a little chromic acid on the precipitated 
silicates. A. H. Erdenbreohcr found' that the precipitates produced by zinc salts 
and sodium silicate soln. in the presence of hydrogen dioxide, contain amounts of 
oxygen varying with the cone, of the hydrogen dioxide. The products are not 
definite compounds, but rather mixtures of zinc dioxide, zinc silicate, and silicic 
acid. 

According to J. M. Ordway, barium carbonate and sulphate, and calcium fluoride, 
have no appreciable action. L. B. G. de Morveau, C. F. Bucbolz, and J. W. Dobe- 
reiner said that baryta, strontia, or lime-water, or a soln. of potMsium aluminale 
or calcium sulphate, precipitate all the silica from a soln. of potash water- 
glass. The silica is combined with the alkaline earth and part of the potassium. 
Most calcium salts are particularly energetic in their action; calcium carbonate 
acts very slowly', but when boiled there is flocculation. Magnesium, zinc, lead, ami 
manganese carbonates give an immediate coagulation: and ammonium carbonate 
or alkali hydrocarbonaies cause an instantaneous thickening with cone. soln. 
Ammonium salts precipitate silica. F. A. Fliickiger said that aqua ammonia 
of sp. gr. 0'921 gelatinizes a soln. of water-glgss of sp. gr. 1'392, and that when 
warmed in a closed vessel, the predpitate dissolves. If the anunonia soln. is one- 
tenth of the vol. of the soda water-glass liquor, no precipitation occurs; if one-fifth 
the vol., the precipitate which is formed rcdissolves at 90°, and reappears on 
cooling; and if one-sixth to one-eighth the vol., the precipitate clears at 30°. 
W. Heintz said that the precipitate is unchanged sodium silicate. J. von Liebig 
said that if a soln. of water-glass is dil. enough to give no precipitation with 
acids, a drop of ammonium carbonate or chloride produces an opalescence, 
F. A. Fliickiger found that a 0 5 per cent. soln. of water-glass is precipitated by 
ammonium nitrate, and scarcely affected by ammonium chloride, j. Persoz, 
F. A. Fliickiger, J. M. Ordway, W. Heintz, F. Mylius, itc., found that a highly 
siliceous water-glass liquor gives precipitates with alkali carbonates, acetates, tar¬ 
trates, phosphates, bmales, nitrates, sulphates, and chlorides ; but the bisilicate sob., 
and others still more alkaline, are not affected by alkali carbonate, tartrates, 
nitrates, or sulphates. J. N. von Fuchs said that “ alkali salts, particularly the 
carbonates and chlorides, give pasty precipitates when added to a soln. of water- 
gUsa.” J. M. Ordway said that the normal carbonates are not particularly active 
ps precipitants, but the hydrocarbonates behave as described by J. N. von Fuchs. 
Sodium chloride, said F. C. Kuhlmann, combines directly with sodium silicate, 
forminl an insoluble compound, and the adherent sodinm chloride soln. can be 
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removed by press. The reaction was also studied by F. Mylius. J. M. Ordway 
found that the alkali salts precipitate from water-glass liquor an uneombined 
silicate. W. Hennis said that the precipitations are not chemical reactions, but 
rather indicate the flocculation of colloid sols. The alkali acetates were found to 
be rather more efficient flocculants than the chlorides in precipitating water-glass. 
Sodium arsenate, or phospIuUe, gelatinizes the liquor owing to the acidity of these 
salts, and in this respect they resemble the hydrosulphates or hydrocarbonates. 
J. N. von Fuchs found that when alumimum phosphate, or lead phosphate, sulphate, 
or carbonate, is rubbed up with a soln. of water-glass, a tenacious mass is formed 
which, when exposed to air, sets as hard as stone. J. H. Johnson observed no 
precipitation of silica from a soln. of water-glass, containing some potassium cyanide, 
when in contact with quartz, powdered pyrites, granulated lead, or zinc shavings; 
but alkali zincate was formed when in contact with lead-coated zinc, i.e., a zinc-lead 
couple. J. Errera found the copper anode, is attacked during the electrolysis of 
alkali silicate soln. 

J. N. von Fuchs found that ethyl alcohol precipitates potash water-glass without 
change in composition from its aq. soln., and the supernatant liquor retains un¬ 
decomposed alkali carbonat’e, sulphide, and chloride. He based a method of puri¬ 
fying water-glass on this observation. 6. Forchhammer said that the alcohol- 
precipitation and washing removed from water-glass a part of the alkali, and that 
this separation continued until an octosilicatqremained, K20.8Si02. J. M. Ordway 
added that water-glasses, containing less silica than K 2 O: l'7Si02, furnish a 
precipitate which is liquid ; and those with more silica yield solids of greater and 
greater “ firmness ” as the relative proportion of silica is increased; but all these hard 
products belong to the same class of viscous solids as pitch. The more any given 
soln. of water-glass is diluted before adding alcohol, the greater the relative amount 
of silica in the precipitate. By mere precipitation under varied conditions, an 
indefinite number of differently constituted silicates may be obtained. While the 
ratio of base to acid can be infinitely diversified, the quantity of water generally 
amounts to not far from 50 per cent. The action of alcohol was also studied by 
A. Liolegg, G. Forchhammer, E. Fr('my, T. Scheerer, and F. Mylius. J. M. Ordway 
found methyl alcohol and acetone also give precipitates with soln, of water-glass. 
Several organic compounds werb found by F. A. FlUckiger to coagulate wgier-glass 
soln.— e.y. phenol, aeosote, chloral hydrate, egg-albumen, and glue. No precipitation 
occurred with urabie acid, sugar, dextrine, glycerol, alkali rcsinales, etc. S. P. Kramer 
found that animal or vegetable oils added to a dil. soln. of water-glass (1; 500) 
produce a fine and stable emulsion.'’ The fatty acid of the oil forms with the sodium 
hydroxide, and the liberated colloidal silicic acid acts as a protective colloid. 

The uses ol water-glass. —The various applications of water-glass, said 
J. M. Ordway,® turn on its adhesiveness in the hydrated state ; its vitrifying power 
in the dry state; its alkaline nature; its capability of yielding soluble silica ; and 
its peculiar chemical relations as a whole. He discussed the use of water-glass 
soln. as an adhesive—a kind of mineral glue—as a colourless cement for glass, 
porcelain, and stone, and as a medium for fixing paper-labels on glass. The setting 
qualities,can be controlled by the manufacturer, and R. Furness showed that a 
soln. of water-glass possesses all the essential qualities of an efficient adhesive: 
(i) the case, suitability, flexibility, and general efficiency of application to the 
materials to bo united, and (ii) its i>ower of setting in a suitable manner and time 
with the formation of a bond of the desired strength. He concluded : 

Sodium silicate soln. aie superior to animal and vegetable adhesives in that they 
are Sre resisting, do not become rancid, and are vermin-repellent. Silicate adhesives are 
quite odourless, and produoe damp-proof articles: they have a relatively high bond strength, 
and their setting times can be varied over a wide range. They are ever-ready, requiring 
no heat before or during applioation, and they give consistent results. 

jVccording to J. D. Malcolmson, on adding an electrolyte to water-^ass the 
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colloids! silica is coagulated, but if the soln. is stirred during the addition, and lot 
some time afterwards, the gel particles cannot coalesce, but are redissolved, t.e. 
“ peptized.” By adding brine about two-thirds sat. m a thin stream to the water- 
glass whilst this is mechanically stirred it is possible to increase the vol. of the 
water-glass soln. up to about 25 per cent, without impairing the viscosity or adhesive 
properties of the liquid, which will contain from 3-4 per cent, of sodium chloride. 
The final viscosity of the soln. may be varied to a considerable extent by small 
changes in the epne. of the brine. The treated adhesive does not deteriorate when 
kept out of contact with the air. 

Water-glass is used in preparing fireproof cements and lutings for jointing 
firebricks, etc. These can be made to set hard in the cold by admixture with lime, 
which causes the precipitation of gelatinous silica. The joint can be further 
strengthened by heat so as to form a fused silicate. Mixtures of cone, water-glass 
liquor and fibrous asbestos also make « good packing for joints expo.sed to hot acid 
vapours. J. N. von Fuchs used it for reducing the intiainmability of wood. Walls 
plastered with lime-mortar are rendered hard and smooth, and capable (>f being 
washed, by applying a few coats of water-glass either a|pne or mixed with a colouring 
oxhle. In the so-called stereochrome process of mural decoration, devised by 
,J. N. von Fuchs in 1840, a plastered surface is decotated by pigments mixed with 
water, and the colours are then fixed by spraying with water-glass. The lime in 
the plaster fixes the silicate. The subject has been discussed by H. (Irouzburg, 
F. C. Kuhlmann, etc. J. N. von Fuchs showed the possibility of making artificial 
stone by moulding a mixture of clay, sand, and a soln. of wab'r-glass; F. Hansome 
patented an artificial stone made from sand water-glass, and powdered limestone or 
chalk ; Brunner-Mond used it for hardening concrete roads; and L. Wagenmann 
made an artificial meerschaum by mixing water-glass, lime, magnesia, and mag¬ 
nesium carbonate. F, C. Kuhlmann .said that lime-mortar can bo made hydraulic 
by admixture with a small proportion of powdered water-glass. Water-glass is 
used as a hardening agent for the surface of concrete; in making soaps and washing 
fluids of various kinds; in paper-making; as egg-preservative ; as a remedy for 
boiler-scaling; and in maintaining the fluidity of clay-slip with a large proportion 
of clay for the casting of fireclay goods, sanitary ware, earthenware, etc. It is also 
used as* a deter|ient.* e 

The alkali silicates.- -In his study of the mol. formula of silica, 1’, Yorkc ^ 
tried the action of silica on the alkali carbonates at a high temp. He found that a 
mol of carbon dioxide is expelled from a mol of lithium carbonate by half a mol of 
silica, forming presumably the orlhosilicatc, ItiiSiO^; and observations were also 
made with sodium and potassium carbonates. H. Rose, T. Schecrer, E. Mallard, 
and P. Ebell studied the expulsion of carbon dioxide from fused potassium and 
sodium carbonates by silica. In general, the proportions depend on the temp., 
the duration of the experiment, and on the relative proportions of silica and alkali 
carbonate. P. Yorke, and C. L. Bloxam also studied the expulsion of water from 
molten potassium and sodium hydroxides by silica. J. M. Ordway likewise studied 
the expulsion of sulphur trioxide from molten sodium sulphate, by silica. 

E. J. Mills and D. Wilson investigated the distribution of potassium oxide 
between silica and carbon dioxide, and said that, owing to the evolution of carbon 
dioxide, the reaction is incapable of simultaneous inversion. N. M. von Wittorf 
obtained the results with various alkali oxides indicated in Table Xlh There is 
evidence of the loss of rubidium and csesium oxides by volatilization. P. Niggli 
has criticized these results, and made a more extended study of ternary systems 
containing one'volatile and two non-volatile components; and of a portion of the 
system R^O-SiOa-COj with a more accurate control of the press, and temp, than 
was the case in -N. M. von Wittorf’s experiments. P. Niggli found that in the 
.case of potassium carbonate there is an equilibrium reaction: KjCOj-l-KjSijOj 
wJC 02 -l- 2 K 2 Si 03 , and at 898°, A',=[K28i08lC02]/[K2C03][K28i205] varies 
from d-44-1-65; and at 956°, varies from l’21-2’62; while A 1 /A 2 “ ncariy 
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Tuaat XII.— Disteibotios of rai! ALHiu Oxides, Carbon Dioxidb, and Silica. 


Hotar proportions after fusion. 


lolUal mixture 


(molar). 

Temp. 

CO, 07 atm. 

CO, I SIO, 

R,0 

Temp. 

CO, ro atm. 

CO. SIO, ' 

B|0 

LiaCOi-f SiO| 

_ 

0 

1 

1 

_ 

0 • 

, 1 

, 

4Li,CO,-bSiO, 

. 900° 

1-74 

1 

4 

900“ 

1-94 

1 

4 

Na,CO,+SiO,. 

— 

0 


I 

826“ 

0 

1 ! 

1 

2Na,CO,+8iO, 

. 870'’ 

0-69 


2 

780“ 

0*78 

‘ i 

2 

K.CO,+8iO,. 

870“ 

0-18 


1 

780° 

0-24 

1 1 ' 

1 

Rb,CO,+SiO,. 

. ■ 870“ 

0-22 

1 

1 

826“ 

0-29 

' 1 ' 

0*99 

Ca,CO|+8iO,. 

. , 870“ 

0-27 

1 

0-94 

826“ 

0-38 

! 

1 ! 

0-96 

__ _ 
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constttift, 2'2. With sodium carbonate, the equilibrium reaction is symbolized 
NajC 05 +Na 2 Si 03 r^C 02 +Na 4 Si 04 ; and with lithium carbonate, probably 
2 Li 2 C 08 +Li 4 Si 04 ^LijSi 0 e 4 - 2002 . The effect of press, in the case of the potassium 
carbonate system is complex. • He found that if the total press, acting on the melt 
is equal to the partial press, of carbon dioxide, the magnitude of the effect produced 
by change of press, will be somewhat different. Consider a very high press, of 
carbon dioxide. The progress of the reactiob is accompanied by a considerable 
■increase of vol. so long as the carbon dioxide is set free as a gas; consequently, if 
this condition obtains, increase of press, displaces the equilibrium towards the left, 
i.e. favours the substances K 2 CO 3 and K 2 Si 205 . If the carbon dioxide produced 
should be completely absorbed by the melt, the vol. change would be slight, and its 
direction could not be predicted ; but there is a second effect produced in this case; 
for change of press, of carbon dioxide in the gas phase brings about, in accordance 
with Henry’s law, a change of cone, of free carbon dioxide in the melt, and in this 
way displaces the equilibrium. Indeed, it is largely upon the increase, with 
increasing press, of the solubility of the gas in the melt that the resultant effect 
will depend. 

In each system, the compouod containing more silica is the poorest in silica 
which can be prepared pure, at the jiarticular t 4 ‘nip,| merely by melting together 
carbonate and silica. Thua,K 2 Si 03 or Na 4 Si 04 or LigSiOe cannot be prepared in 
the pure state from carbonate and silica at about 1000 °; the compounds K 2 Si 20 {, 
Na 2 Si 03 , and Li 4 Si 04 , which have relatively more silica, can readily be obtained. 


CO, 

A 



Fia. 66.—Relative Conoentrationa of 
■ R,0, 8iO„ and CO, in Eqiiilibrinm in 
Melts at 8BS°. 



Fig. 57. —Relative Concentrations of 
R,0, SiO„ and CO, in Equilibrium in 
Melts at 666°. 


Correspondingly, in Figs. 56 and 57, the equilibrium curves or their prolongations 
pass through these particular points on the side R 20 -Si 02 . When alkali carbonate 
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is melted up with silica, the amount of carbon dioxide displaced in the temp, region 
of the ternary equilibrium ranges from O'5-I O eq. in the potash system, from 
1-2 eq. in the soda system, and from 2-4 eq. in the lithia system. The extent of 
the displacement of carbon dioxide from the carbonate by silica is parallel with the 
amount of carbon dioxide which the pure carbonate when melted alone loses by 
dissociation, when the systems arc taken in order as above; the relative compositions 
of the pairs of silicates in equilibrium in each system is such that the ratio of base 
to silica for the_right-hand member of one system is the same as for the left-hand 
member of the following system. Rise of temp., the press, remaining constant, 
favours in each case the silicate poorer in silica; or, in other words, it increases the 
amount of carbon dioxide displaced. 

6. W. Morey and C. N. Fenner studied the ternary systems, K^SiOj-SiOj-HjO, 
and determined the composition and properties of the solid phases which can coexist 
with soln. and vap. between 200“ and 1000 °—vide Fig. 58; the composition of 
the soln. in equilibrium with the solid phases; the change in the composition of 
the soln. with temp.; and of the corresponding three-phase pressure. Fig. 59, 
shows the isothermal polybasic saturation curves, apd the polythcrmal curve at 
one atm. press. 


XA'Oi 




Fio. 69.—Isothermal Polybasic Satura- 
tifln Curves; and an Isobaaic l*oly- 
thennal Curve in the Ternary System, 
K,SiO,-Si(),-^H,0. 

The fusibility of some mixtures of the alkali oxides and siliea were observed by 
W. A. I.nmpadiu8, N. 6, Sefstinm, and PI'Berthier in their studies on slags. 
C. J. Peddle studied the glasses obtained from the binary and ternary systems with 
the components SiO^-NaaO-KjO. The thermal diagrams of the alkali oxides 
and silica have not been obtained in a complete form because in some regions glasses 
only are produced and the cooling or beating curves of these exhibit no breaks. 
There is therefore a continuous gradation in the composition of these glasses, and 
no evidence of the formation of definite chemical individuals. E. Kittl found it 
impossible to measure the ratios of crystallization of the alkali silieate glasses. He 
inferred that there is a close 
relation between the viscosity 
of a molten silicate and its 
speed of crystallization. When 
the maximum speed of crystal¬ 
lization falls in the region of 
low viscosity, complete crystal¬ 
lization usually occurs. Fig. 61, 
while in the opposite case, a 
. glass is formed. Fig. 62. In 
the intermediate case, both glass and crystals are formed, Fig, 61. P. Bary 
discuided the alkali silicate glasses. 
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Many of the alkali silicates described by the early workers are simply alkali 
silicate-glasses whose compositions corresponded with those which would be the 
case if the alleged silicates were chemical individuals; and this in spite of the fact 
that constitutional formulae were sometimes assigned to them. W. Pukall for 
instance, described a number of what he regarded as specific silicates but which he 
described as clear transparent glasses. Similar remarks apply to the alkali silicates 
obtained by saturating soln. of alkali hydroxide with silica; and to thwprecipitates 
obtained by adding alcohol to an alkali soln. of silica. Thus, G. ,Forchhammer« 
reported that he prepared K 20 . 2 Si 02 , K 20 . 8 Si 02 , and Na 20 . 3 S'i 02 by alcohol 
precipitation, but J. M. Ordway showed that actually the composition of the 
precipitate depends (i) on the cone, of the soln.; (ii) on the proportion of alkali 
present; and (iii) on the amount of alcohol added. The composition of the pre¬ 
cipitate can be made to vary continuously by variations in these conditions so that 
the composition of G. Eorchhammer's silicatee represent arbitrarily selected points 
on B continuous curve. 


« “PP'y Scheorer’s Na.O.SiO, and 4K,0.3Si0,; to A. Lieleaa’s 

■*^’“** ® 2Na,0.6Si0j; to G. Forchhammer’s Na,0.3Si0., K-O 2SiO 

K, 0.4Si0, and K.O.SSiO,; to A. 1. Waleker's Na,O.4SiOa.l0H,O; and to G. Forcl!- 
hammers Nnj0.3(lSi0,.4H,0, and Kp).21SiO,.16HiO. The two iast-named producta 
ore probably silica Iiydrotes with absorbed potassium hydroxide. The product KiO 4SiO 

^ Ammon, J. von Liebig, H. V. Regnault’ 

t M by P. Ebell; Na,0.2SiO„ by A. Scheurer-K^tner 

‘ • f-raham, A . Borntrager, and F. Kohlrausch ; 2Na.O OSiO,, by W Selez- 

E Tr A’ s'®®®*®’ 2R,0.3Si0j, were also described by 

L. 1 ^my and K (Jroschulf; Noj0.3SiO„ by 'J'. Schcerer; Naj0.4Si0„ by J. M. Ordway, 
JV. Hemtr, A. Jlorntrager R. Meyer, and J. W. Cobb. W. I'ukall’s petoemam (mifeote, 

®his potassium or sodium lelra- 
2,1 t-' hlajSi.O,; potassium or sodium padasilkate, KjSi.O,,, or Ka,Si,0„ • 

devitrifiiS^rtr* ‘ '‘fWtcaic, R,Si.O„. He obtained the hexaeilicates in a 

A solid ammonium sUicate has not been isolated. The solubility of silica 
or silicic acid m aip ammonia has been previously discussed. C. Stnickmaim ? 
oiiiid that 100 parts of a 5 per cent. soln. of ammonium carbonate dissolved 0'(I2 
part of silicic acid, and IW parts ef a 1 per cent. soln. dissolved O'OC* part ok silicic 

half the A “ I'■ r a'r biifume turbid owing to the separation of about 

half the dissolved silica. R, Schwarz showed that the solubility of silicic acid in 

nlw'"’T'h ‘ “‘/’’A ‘lib temp., and the water 

content and physical form of the aciif? H. Schwarz and 0. Liede used quartz-glass 

vessels •''th' ° ^ iniinato the influence of alkalies derived from the glass containing 

Tt wss ft! 1 ' "-yr “i *- ^ "'‘'™-ftlter to retain colloidal silica 

anltl ‘‘Tudibrium is attained after about 72 hrs. at 18°, 

hSLl snV'^' contains B4 per cent, of the silica, in true soln., 8 per cent, in col- 
sW thir lb ^ Tv Tl'P conductivity and solubility curves 

ex^rimf t**’ bTr?i T" 7 ' *6 '^I'ole course of the 

fornTr there^^' ^ gradually diminishes in quantity. The 

ronrlinlfl +^+1 grows at tho e.xpeu 8 c of tlie latter, and it appears justifiable to 

Mtassiiim h ri mercuric chloride, develops ammonia when treated with 

ammonia T v I hmmonmin chloride is the precipitant contains less 
hv washiii b that all the ammonia could be removed 

realW f " 0 * whether ammonia 

Tnd P H ; produces a colloidal soln. E. Jordis 

anU i,. H. Ranter showed that the electrical conductivity of a soln. of silioi* acid 
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prepar^ by dial}rsi3, and mixed with aq. ammonia, indicates that aumooiom 
hydrosilicate, H(NH 4 )SiOs, and ammonium metasilicate,(NH4)2Si03, are probably 
present; there is, however, no definite proof that ammonium orthosilioate, 
(NH4)4Si04, is present. According to R. Schwarz, the solubility of the hydrate, 
3Si02,H20, in 3N-ammonia at 18° reaches a maximum in about two hundred hours, 
corresponding with about one-fiftieth of the amount of acid required to form a 
metasilicata ; in lOA-ammonia at 100° the solubility after one hour reaches 84'3 
per cent.; in 2iV-ammonia at 100° the hydrate dissolves to the e.\tent of 55'7 per 
cent., ignited precipitated silica to the extent of 214: per cent., both in one hour, 
whilst finely powdered quartz only loses 2 7 per cent, of its weight in a day. Soln. 
obtained in the hot way have the appearance of colioidal soln., but the cold prepara¬ 
tions are clear. Inasmuch as the conductivity of the ammonia soln. rises with time 
(in the case of the hydrate, with negative, acceleration : in the case of the anhydride, 
with positive acceleration during the first one hundred hours), the formation of 
a true ammonium silicate seems to be certain. Although the salt cannot well be 
isolated, the nearly related tetiaethylammonium metasilicaie, (NKt 4 ) 2 Si 02 , can 
be obtained as a hygro.scopic, amorphous powder by heating the silicic acid hydrate 
with 10 per cent, tetraethylammonium hydroxide in a sealed tube at 80°. 
R. Schwarz found that dioxodisiloxane, made "by leading trichloromonosilane 
vaj). into water, reacts with ammonia soln. just as it does with potassium or 
sodium hydroxide, that is, according to the equation Si. 2 H 203 -|- 4 NH 40 H 
= 2 (NH 4 ) 2 Si 03 -f 2 H 2 -I-H. 2 O. The'reaction is completed in about twenty minutes, 
and most of tlic silica, with which specimens of dioxodisiloxane arc usually con¬ 
taminated, remains as a precipitate. R. Schwarz and R. Souard studied the 
electrical conductivity of .soln. of silicic acid and inferred from the increment of the 
conductivity that salt formation does take place just as the lowering of the con¬ 
ductivity of sodium hyilroxide by the addition of silicic acid leads to a similar 
conclusion. The ratio Q of the increment in conductivity to the dissolved silica 
decreases in three stages as the proportion of water in the silicic acid is diminished. 
The value of Q is about 75 when the silicic acid has 4’5 jier cent, of water, about 60 
when about 2 0 per cent, of water is present, anil about 2.5 when the silicic acid is 
almost dry. All the different preparations of silicic acid gave y=25 when the 
speemren waS nearly dry, and ^=76 when the fg)ccimcn was rich in water. After 
ignition, however, silica causes no increment in the conductivity of ammonia soln. 
The different values of Q suggest, therefore, that th^ dissolved silicic acid exists in 
three forms with mol. wts. in the ratio 1:2:3. The simplest forms of silicic acid 
arc derived from dioxodisiloxam^or monosilatie, the direct hydrolysis of the latter in 
ammonia soln. being the most .satisfactory way of pre|)sring ammonium silicate 
soln. 

K. A. Vesterberg * found that amorphous silica dried at 100° dissolves slowly in 
2A'-LiOH at ordinary temp., forming a soln. with 3 4 mols of silica to one mol of 
Li 20 . In warm soln. of lithium hydroxide, silica is almost insoluble, being trans¬ 
formed into an insoluble lithium silicate. P. Yorke prepared lithium 0rth0*ili0»t6, 
Li 4 Si 04 , by heating lithium carbonate and silica in equimolar proportions; and 
N. M. von Wittorf found that lithium metasilicate, LiaSiOg, is also formed. 
K. A. Vesterberg prepared monohydrated lithium metasilicate in two forms, one 
insoluble, the other soluble. The former is produced as a white, granular precipitate 
by adding a fairly cone. soln. of sodium metasilicate to an eq. quantity of lithium 
hydroxide or chloride in V-soln. at 80°-90°; it is also obtained by dissolving freshly 
precipitated silicic acid in twice the theoretical amount of 2V-LiOH at ordinary 
temp., and heating the soln. a short time at 80°. According to P. Hautefeuille and 
J. Margottet, fused lithium chloride has no action on amorphous silica so long as 
no trace of lithium oxychloride is present; but if by the action of steam, or other 
agents, a little oxychloride is present, then the silica is converted into quartz or 
tridymite according to the temp. If much oxychloride is present, plates of Uffahun 
pentasilicate, LijSijOu, or LigO.fiSiOg, are formed. They prepared the three 



330 


INORGANIC AND THEOBITICAL CHEMISTRY 



iflioate* just mentioned by melting together silica and lithia with or without 
bthinm chloride; in the one case measurable crystals are formed, and in the other 
ca» a crystalline mass is obtained. The three silicates were said to be as difScult 
jt silicates, and when melted, they form very fluid liquids 

^ absorb much gas, which is rejected on cooling. Lithium chloride abst^ts 
iithia from the lithium silicates, forming the oxychloride. According to H. 8. van 
Klooster, the binary system LijO-^iOj forms 
only two compounds, which are only slightly 
miscible in the crystalline state.’ There is no 
evidence of the formation of the pentasilicate 
LijSisOji on the thermal diagram. Fig. 63. No 
crystalline products were obtained with over 82 
per cent, silica. R. Rieke and K. Endell also 
explored thq thermal diagram, and the results 
confirm those of H. S. van Klooster. The 
eutectic between the ortho- and meta-silicate, at 

I'm. 63.—Freer,ing.point Curve of P®' ?®®*' corresponds 

the Binary System; Li,0-SiO,. ’® composition with 3Li20.2Si02. They said 
^ , , . • that microscopically this mixture does not show 

any evidence of the eutectic structure, and suggest that there may be really a 
very small maximum corresponding with lithium orthodiailicate, LijSLO?. 
F#JM. Jager and H. 8. van Klooster obtained the orthodisilicate in large tabular 
■ 7, nor ? 25“; and indices of refraction with the D-ray, 

‘“congruent m.p., and a solid soln. of the 
^hodisihcate in an excess of the metasilicate is formed. A, Rosenheim and 
W. He^in studied the adsorption of lithium hydroxide from soln. by lithium silicate. 

F. Vorke, P Hautefeuille and ,1. Margottet, R. Schwarz, and A. Haacke obtained 
lithmm orthosilicate, as indicated above, by fusing together silica and a lithium 
by W. Pukall, H. 8. van Klooster, and R. Rieke 
l,;iil.' '"® “‘bflcd in Fig. 63. The last-named found that the fused glass is 
readily undercooled. K. Deromc said that when the glass obtained by heating at 900° 
a mixture of hthmni carbonate and silica in a current of hydrogen for a few hours, is 
heated m vacuo by an electric furpace, slow dissociation occurs, and hthia iswola- 
titod until the composition of the residue approximates to that of the orthosilicate, 
when volatilization ceases. P.^Niggli found that the orthosilicate is readily obtained 
from lithium carbonate and silica at about 1000°. P. Hautefeuille and J. Margottet 
that the transparent, colourless, of-sUghtly amber-coloured crystals are similar 
to pendote, and when crystallized from lithium chloride they form pseudohexagonal 
prisms derived from rhombic prisms. R. Rieke and K. Endell said that the crystals 
are 8''®®®'®!' coloured if made in a platinum vessel. H. 8. van Klooster found the 

nu! 7 *7® ^ ® '^“8®'' aod H. 8. van Klooster, 2 392 at 25°/16°. 

The hardness is 3-4 on Mohs’ scale. A. Haacke gave 2-280 for the sp. gr., and 1249° 
j w M Klooster found that the f.p. is 1188°, and the m.p. 1243°, 

?ora« ■ ®nd H. 8. van Klooster, 1266°; according to R. Rieke and K. EndeU, 

1215 . R Ballo and E. Dittlcr gave 1217° for the m.p.; and R. 8chwarz, 1249°. 

H. D. van Klooster found that in polarized light the crystals are feebly doubly refract¬ 
ing; and they exhibit twinning. R. BaUo and B. Dittler obtained celluUrly 
arranged cryqfals with refractive index, 1-616-1-624. F. M. J&ger and H. 8. van 
Kliwter gave 1;614 and 1-694 for the indices of refraction. The crystals appeared 
to be optolly biaxial, with very small axial angle, or optically uniaxy, and 
always positive. F. M. Jhger and H. 8. van Klooster suggest that 1266° is rather 
a transition temp, than a m.p. P. Niggli added the salt furnishes irregular equi- 
mmeimonsl pains, without crysUl outline and characterized by an albite-bke 
twiimng with large extinction angle; a second set of twinning striations inclined 
to the first is less well developed. The crystals ate optically biaxial with very 
small axial angle; positive; mean index of refraction is in the neighbourhood of 
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l-6(»; bitetogence is fairly strong. P. Hautefeuille and J. Margottet, and 
H. 8. van booster found that the crystals become flinty in appearance when in 
contact with water owing to a superficial decomposition ; when boiled with water, 
some silica and lithia are dissolved; the decomposition by water, said R. Rieke 
and K. Endell, is complete. W. Pukall said that some hydrate of the orthosilicate, 
Li 4 Si 04 . 2 ' 57 H 20 , remains as a residue when the anhydrous orthosilicate is decom¬ 
posed by water. The salt is attacked by acids ; and the reidstance of the silicates 
to chemical ag,ents increases as the silica increases. ■ 

P. Hautefeuille and J. Margottet prepared lithium nictaailicate as indicated 
above ; and G. Friedel, by heating a soln. of lithium hydroxide with an excess of 
precipitated silica to 600° in a steel tube. H. S. van Klooster, and R. Rieke and 
K. Endell showed that the conditions of formation are those represented in .Fig. 63. 
According to P. Hautefeuille and J. Margottet, the silicate crystallixes from molten 
lithium chloride in long flat prisms sometimes terminating in symmetrical domes ; 
they are six-sided, and are derived from rhombic prisms. According to G. Friedel. 
the colourless crystals resemble those of hypersthene, and the rhombic prisms have 
the axial ratio a : c=l: 0'6681, and o—107° 48'. F. M. Jiiger and H. S. van Klooster 
state that the biaxial crystals are probably monoclinic, and that the trigonal form 
of G. Friedel was a twin formation. E. KittI studied the velocity of crystallization 
of lithium ortho- and meta-silicates. The sp. gr. i.s 2-W at ir)°/16°; and 
R. C. Wallace gave 2’61 at 18°. F. M. Jager and H. S. van Klooster gave 2'620 
for the sp. gr. of the crystals, and 2*330 for the sp. gr. of the glass at 25°. H. S. van 
Klooster said that the metasilicate forms mixed crystals with np to 24 3 per cent, 
of silica; and that the m.p. is 1188°; while R. Rieke and K. Endell gave 1180° ; 
R. C. Wallace, 1168°; F. M. Jager and H. S. van Klooster, 1201°; and R. Ballo 
and E. Dittler, 1180°. F. M. Jager found the surface tension at 1254° to be 374’8 
dynes per sq. cm., and at 1601°, 346'6 dynes per sq. cm. According to E. Derome, 
when the metasilicate is heated in vacuo in an electric furnace, dissociation and 
volatilization of lithia occurs until there is an abrupt .slackening of the speed when 
the composition approaches Li 28 i 50 ]i. R. C. Wallace said that the micn-like 
crystals have a high refractive index, and a very high double refraction, with 
polarization colours of the third and fourth orders. The optical properties were 
also discussefl by H. S. van Klooster, and R. Rieke and K. Endell. F. M. Jager 
and H. S. van Klooster gave 1'609 and T584, with the J)-ray, for the indices of 
refraction of the crystals parallel and vertical to Ijic elongation of the needles; 
they also gave /i=l’548 for the glass. As P. Hautefeuille and J. Margottet, 
G. Friedel, and R. Rieke and I^ Endell ha^c shown, the crystals are decomposed 
by water and by acids ; the latter say that the crystals are less decomposed by 
water than the other alkali mctasilicates. L. Kahlenberg and A. T. Lincoln made 
aq. soln. up to a cone, of mol. per litre by gradually adding the alkali hydroxide 
to a colloidal soln. of silicic acid ; they determined the lowering of the f.p. of soln. 
containing a mol of Li 2 Si 03 in v litres of water and found : 

V . 32 48 64 »6 128 

Lowering f.p. 0 228 0 166 0 120 0-090 0 070 

Calo. mol. wt.. . . 23-3 23-2 22 1 19-6 _ 18-5 

It was therefore inferred than when »=32,95 5 per cent, of the salt is decomposed, 
and when t>=48, the decomposition is practically complete. For the eq. con¬ 
ductivity, A, at 25°, they found: * 

v .... 32 64 128 2S6 512' 1024 

X . 125 0 126-0 129-2 130-2 138 5 145-2 

The increase beyond o=64 is said to be due to the decrease in the retarding in¬ 
fluence of silicic acid on the movements of the ions. K. A. Vesterberg found that 
warm soln. of litbinm hydroxide only slowly dissolve precipitated silica dried at 
100°; and cold, moderately cone. soln. dissolve up to 3-4 mols. of SiOi pet mol 
of Li20. He prepared hj^drated lithium metuUicate, LijSiOj.HjO, by treating 
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todium silicate with a lithium salt, or by dissolving silica in a solid solu. of lithium 
^droride. In both cases an excess of lithia should be present to prevent hydrolysis. 
The silicate is precipitated from the soln. at 80°-90°. There are two forms of this 
salt, one is readily soluble but the other dissolves with difficulty. 

While H. S. van Kloostcr, and R. Kieke and K. Endell could find no evidence 
of the formation of lithium pentasilicate, Li 2 Si 60 ii, H. Hautefeuille and J. Margottet 
obtained flexible rhombic lamell® by cry.stallization from a soln. of the component 
in lithium chloride. There is a cleavage plane in the direction of greatest length, 
one perpendicular to that direction, one parallel to the plane of the lamellm, and two 
others which furnish thin rhombic plates. E. Doromc found that the speed of 
volatilization of lithia from lithium metasilicatc suddenly slackens when the com¬ 
position has reached LijO.SSiOj, and that the latter is slightly dissociated in vacuo 
at 1300°. P. Hautefeuille said that this silicate is not decomposed by acids. 
L. Eahlenberg and A. T. Lincoln found that.tho lowering of the f.p. of soln. of 
lithium hydroxide in a colloidal soln. of silica corresponding with a mol of Li 2 Si 50 ii 
in V litrest is: 

V ., . 32 48 64 96 128 ’ 

Loweniig f.p. . . 0i72 0’139 0'U2 0-077 0 062 

Mol. wt. .... 113-2 93-3 86-9 84-3 78 ,5 

This is taken to show that the salt LLSisOu is hydrolytically dissociated in aq. 
soln., and the dis.sociation is complete when c—liJ 8 ; cq.electrical conductivity. A, is: 

V .... ii 64 128 256 812 1024 

X ... . 85-4 61-6 67 5 72-6 78 9 00-6 

As indicated jirevimisly, P. Niggli obtained evidence of the formation of a basic 
orthosilicate or lithium dioxyorthosihcate, LiaSiOj, or 2 Li. 20 .Li 4 Si 0 i. 

According to E. Jordis,® crystal plates of what is probably sodium orthosiheate, 
Na 4 Si 04 , is formed when a mol of silica is fused in a silver crucible with 8 mols of 
sodium hydroxide; while an aq. soln. of sodium hydroxide and silica with more 
than UNajO: Si ()2 furnishes crystals of the hydrated sodium metasilicatc, 
NajSiOs.riHjO. W, 0. Mixter calculated the heat of combination of silicon 
with an excess of sodium dioxide forming sodium orthosilicate. P. Niggli found 
evidence of the existence of sodium orthosilicate in his study of the tetnary system 
Na^O-SiO-OO^, but did not isolate the compound— villa .ivfm. The stable silicates 
in this system arc the ort.ho- and meta-silicates. G. W. .Morey failed to make pofos- 
sium orthosUienta. K 48 i 04 , by melting potassium hydroxide in various proportions 
between K 4 Si 04 and K^SiO,) in an atufsof steam, lyid heating the mass iinally over 
1100°: The excess of alkali over that required for the metasilicatc was present as 
potassium hydroxide. P. Niggli obtained no evidence of the formation of potassium 
orthosilicatc in his study of the ternary system K 20 -SitVH 20 ; the metasilicate 
was always produced. The stable silicates here produced were the meta- and 
disilicates. 

P. Niggli obtained crystals of anhydrous sodium metasilicatc, Na 2 Si 03 , from dry 
melts by beating an intimate mixture of eq. quantities ( 1 : 1 ) of quartz and sodium 
carbonate at SX)°-1CI00° for some time. With less quartz, the system is 
heterogeneous. G. W. Morey also obtained evidence of the formation of this silicate 
when a glass of the composition Na 20 : Si 02 is heated with water at temp, above 
400°. The isplation of the crystals is not possible because they are rapidly decom¬ 
posed by watej. W. Pukall obtained a devitrified glass. G. W. Morey and 
C. N. Fenner found that the crystals arc rarely well developed and fibrous and 
aphernlitio forms are frequent; hexagonal prisms terminated by prisms were once 
obtained. The crystals prepared by G. W. Morey wore usually acicular. In 
both cases, cleavage is well developed and parallel to the elongation. The crystals 
show parallel extinction. The compound is probably uniaxial and positive. The 
index of refraction y=P520, and the o-indei is lower; the mean value is 1-510. 
B. C. Wallace also obtained ill-defined crystals' by heating the hydrated m»ta- 
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silicate, and also by heating an eq. mixture of silica and sodium carbonate. The 
latter mixture crystallizes after the first fusion, the former needs to be repeatedly 
cooled and remelted before crystallization begins. It is assumed that in the latter 
case a small amount of water is retained even after fusion, and that this retards 
crystallization. R. C. Wallace gave 1018° for the ra.p. of sodium metasilicate; 
W. Guertler, 1055°; and N. V. KultacheS, 1007°. The latter found that the 
raetasilicat* can dissolve a little silica, and that this lowers the ni.p. a little. Accord¬ 
ing to 6. Tanimann, the heat of crystallization is 29 cals, [ler gram. G. W. Morey 
found the m.p. of sodium metasilicate appears 2° lower on the heating curve than 
on the cooling curve. The sp. hts. of crystals and glass were respectively 0’197 
and 0'191. P. Niggli, and R. C. Wallace found that when the metasilicate is heated 
with quartz no combination occurs, although the latter found that the metasilicate 
can take up a little silica in solid solu. K. Greiner studied the viscosity of the 
molten silicate. The last-named also found the m.j). to he lowered by the addition 
of silica; thus : * 


Silica (per cent.) 
'M.p. . 


0 

1007 ^ 


2-5 

942° 


3’7 

920° 


50 

802° 


C-5 

820° 


G. Tammanii found the sp. ht. of the amorphous salt to be O'191 and of the crystal¬ 
line salt 0'197 between 20"^ and 100°; while the heat of soln. of a gram of the amor¬ 
phous salt in a mixture of 100 grms. of 10 per cent, hydrofluoric acid and 250 grras. 
of iV-hydrochloric acid was found*to be 480 cals., and 457 cals, for the crystalline 
salt. C. Matignon gave Na 2 Si 033 oiiu+ 2 HCboiu.‘-'S*t^ 2 -A-q' 3 inw f^NaCl-l~H20H-32’8 
cals.; consequently, from known reactions, 

cals.; Si 02 .Aq.BoHd^“^**' 2 ^^ 3 ~^^ 2 ®^^ 3 ^"^^ 2 —cals.; and SicryHt.4"dO'j-2Na 
^Na-^SiOs-|-331'4 cals. When the result 5110 cals, is compared with D. Tscherno- 
baeff’s value 45‘2 cals, for anhydrous silica, and 0. Mulert’s 69’7 cals., it appears 
as if some erroneous deductions have been made somewhere. W. W. Coblentz 
found a maximum in the reflection of ultra-red rays at 9'95/i. J. 0. Perrine 
observed no sign of the excitation of fluorescence by the X-rays. 

G. W. Morey found anhydrous potassium metasilicate, K^SiOa, to bo the 
stable solid phase in the binary system KaSiOg-lIaO from about 610° ^ its m.p., 
aiiddt is obSained in a fairly pure condition b^ crystallizing the metusilicate glass 
at a high temp. The crystals usually appear in 
the form of rounded grains without crystal 
boundaries. There is evidence of cleavage 
parallel to the y-axis. W. Pukall obtained ^nly 
a metasiiicate glass. G, W. Morey *and 
C. N. Fenner found that the crystals arc biaxial; 
the optical character is positive ; the dispersum 
is strong and the birefringence high. The optic 
axial angle is 78'5°. The m.p. is 966°. The 
crystals are very hygroscopic and dissolve rapidly 
in water. The deliquescence of the hydrates 
makes their separation difficult; and they have 
not been isolated even in an approximately j)ure 
condition. M. A. Rakuzin measured the elec¬ 
trical conductivity of soln. of potassium meta- 
silicate ; and the reversible adsorption of the 
salt with animal charcoal, colloidal silica, and 
alumina. 

In his study of the binary 8 y 8 temK 2 Si 03 -H 20 , 

G. W. Morey found that bemibdrated potaanum 
mgtftffillnfctfti K 2 Si 03 .iH 20 , is the stable solid 
phase between 370°-6l0®—VMfe Figs. 58 and 64. The crystals occurred melongated 
fojgns with good cleavage parallel to the elongation. The extinction was parallel to 
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Hk «)oo^tion in the y-direction; the birefringence is high; the optic ami angle 
large; and the optical character is probably positive. The crystals arc completely 
soluble in water. Heaisofound monohydrstod potassiummetasilicate, K^SiOj.HgO, 
to be the stable phase between 200“’ and 370 °—vide Figs. 58 and 64. Below 200°, 
the monohydrate is hydrolyzed by water, and above 370° it forms the hemihydrate. 
The crystals arc biaxial, positive, with a small axial angle, and high birefringence. 
The crystals dissolve completely in water. W. Pukall obtained what hb suggested 
to be dihydrated •polmsium metasilicate, K 2 Si 0 j. 2 H 20 , by the action of superheated 
steam on the metasilicate glass. 

Crystals of hydrated sodium metasilicate have been reported by a number of 
investigators, but there is no agreement as to the degree of hydration. A. H. Erden- 
brecher obtained hexagonal crystals of tetrahydiated sodium metasilicate, 
Na 28 i 03 . 4 H 20 , m.p. about 85°. T. Petersen obtained colourless, monoclinic 
crystals of what he regarded as the pentahydrate, Na 2 Si 03 . 5 H 20 , with axial ratios 
o; h; c=0’6961:1:1-2001, and j8=95° 50'.' The crystals become turbid when 
exposed to air, they melt in their water of crystallization, leaving a voluminous 
residue which is soluble in water. E. Jordis prepared crystals with 43-42 per cent, 
of water, when the theoretital value for the pentahydrate is 42-37 per cent. 
A. H. Brdenbrccher obtained iiq signs of the pentahydrate on the vap. press, curves. 
J. Fritzschc obtained rhombohedral triclinio prisms which he regarded as the hexa- 
hydrate, Na 2 Si 03 . 6 H 20 , by dissolving equimolar proportions of silica and sodium 
hydroxide in water; when the soln. is cone, by evaporation, and allowed to stand 
for some days, it yields a crystalline mass which in more dil. soln. deposits hemi¬ 
spherical or fibrous masses, or yields a crystalline crust. E. Jordis obtained crystals 
with 45-81 per cent, of water when the theoretical value for the hexahydrate is 
46 87 per cent. A. H. Erdcnbrecher obtained mouoclinic crystals of the hexahydrate 
and gave 62-5° for the m.p. P. Yorke fused 54 parts of sodium carbonate and 23 
parts of silica ; dissolved the cold cake in water; evaporated the aq. soln. in vacuo 
over sulphuric acid at ordinary temp., and in a few days obtained a crop of crystals 
which corresponded with the heptahydratc, Na 28 i 03 . 7 H 20 . A. H. Erdenbrecher 
found no signs of this hydrate on the vap. press, curve. R. Hermann obtained white 
rhombic crystals from the mother-liquor obtained in the purification of soda. Their 
composition corresponded with thooctchydraie, Na 2 Si 03 . 8 H 20 . L. Kfafit repbrtod 
crystals of the same composition to be present in a sand breccia from Sablenville. 
According to B. von Ammon,rthe crystals are monoclinic prisms with axial ratios 
a -. 5; c--=0-6352:1 ; 0-6721, and ^=109° 48'. R. Hermann said the crystals are 
very soluble in water, and have a caustic taste. They melt in their water of crystal¬ 
lization leaving behind a swollen white mass, B.Von Ammon, and J. M. Ordway 
gave 45“ for the m.p. R. Hermann’s crystals were said to be permanent in air, 
but B. von Ammon found that the crystals eflloresce in moist air, and take up- 
carbon dioxide, but they do not absorb carbon dioxide from a dry atm. At 100°, 
or confined over cone, .sulphuric acid, the crystals lose 27-21 per cent, of water; 
at 130°, 49-2 per cent.; and at 150°, 53-75 per cent. A. H. Erdenbrecher obtained 
no signs of the octohydratc on the vap. press, curves. J. Fritzschc found that 
besides the hexahydrate, he sometimes obtained crystals of the enneahydrate, 
Ns 2 Si 03 . 9 H 20 , which A. E. Nordcnskjold found to be rhombic bipyraraids with 
axial ratios o: i»: o=0'6888:1:0-3378. The crystals effloresce over sulphuric 
acid and attract carbon dioxide from the atm. They melt at 40° to a syrupy liquid 
which solidifies when allowed to stand for some days. A. H. Erdenbrecher gave 
47° for the m.p‘., and he measured the vap. press. A. Vesterberg also obtained the 
enneahydrate, and from the experiments on dehydration he inferred that a tri- 
hydrate, N 82 Si 03 . 3 H 20 , as well as a hexahydrate exists. E. Jordis obtained crystals 
of the(io(ie()ohydr(jtc,NB 2 Si 03 . 12 H 20 —or possibly of the heaaiyiirat«,N 82 Si 03 . 11 H 20 
—in small prisms; and R. Weber obtained the dodecahydrate by treating a soln. 
of water-glass with ether. It thus appears as if sodium metasilicate forms several 
hydrates, but the composition and range of stability of these hydrates are not knohn. 
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More knowledge will probably reduce the number considerably. Thus 
A. H. Erdenbrecher’g measurements of the vap. pre^’gave evidence of only 
the ennea-, hexa-, and tetra-hydrates, and the existence of a teiradecah^raie, 
Na^SiOa.UHjO, was made probable but not certain. 

Dil. aq. soln. of sodium metasilicate are strongly hydrolysed; £. H. Loomis 
found that the hydrolysis is complete ina ^’-iV-8o!n.,and 64 8 per cent.is hydrolysed 
in a JiV-soln, L. Kahlenberg and A. T. Lincoln found the lowering of the f.p. 
of soln of silicj^ in sodium hydroxide lye in the proportions Na2Si08, NaHSiOj, 
and Na 2 S 60 n to be, for a mol of the salt in v litres, at 25®: 


V ... . 

8 

10 

24 

32 

64 

96 

128 

Na,SiO, . 

0 695 

0-385 

0-280 

0-210 

0-110 

— 

— 

Na,SiOs (by fusion) . 

,— 

— 

— 

0-200 

0-108 

0-077 

— 

NaHSiO, . 

0-332 

0-202 

0146 

0-110 

— 

_ 

— 

Na|S(0|, 

_ 

— 

— 

0-178 

0-139 

0-089 

0-069 

K,SiO, . . . 

0-710 

0-394 

0-279 

0-216 

0-110 

0-082 

— 

KHSjO, . 

0-3IG 

0-!96 

0-163 

0-110 

-- 

~ 


RbjSiO, . 

— 

— 

... 

— 

0-139 

0-098 


C8|SiO, . 

— 

— 

— 


0-102 

0-068 

r- 


The values for the two sodium metasilicates are virtually the same. The corre* 
sponding mol wts. approach as their limit one-fourth the mol. wt. of NsgSiOs 
with increasing dilution; with sodium hydromctasilicate, the limiting mol. wt. is 
one-half that of NaHSiOs; and with the pentasilicate, the limiting mol. wt. is 
one-fourth that of Na^SisOn- With the potassium metasilicates under similar 
conditions the hydrolysis is practically complete when v—48, and with o== 8 , the 
normal salt is ionized 66’9 per cent., and the acid salt, 39 per cent. R. H. Bogue 
also found the hydrolysis of the Na»0 : Si 02 products from 1:1 to 1: 4 was great^t 
with the first, and decreased as the proportion of silica increased. The results 
with rubidium metasilicate, Kb^SiOj, and csesium metasilicate, C 82 SiOs, are quite 
similar. The elecfrical conductivities, A, of the soln. were determined by 
S. Arrhenius, F. Kohlrausch, E. H, Loomis, and L. Kahlenberg and A. T. Lincoln. 
The two last-named found at 25®: 


V . 

8 

16 

32 

64 

128 

266 

512 

1024 

Na,SiO, 

106-3 

1120 

117-8 

1150 

119 6 

95-7 

91-8 

104-8 

NaHSiO, 

72-4 

78-8 

84-9 

00-1 

103-7 

114-2 

133-1 

148-6 


— 

— 

73-0 

79-9, 

87-3 

93-1 

101-1 

113-3 

KjSiO, . 


130-0 

176-4 

182-6 

18.'j-6 

187-1 

191-8 

182-6 

KHSiO, 

87-3 

110-3 

117-6 

126-2 

133-4 

141-7 

166-0 

176 8 


Similar results were obtained with rubidium and cssium metasilicates. It is 
assumed that hydrolysis is complete when *tJ=64, and that the increase in the 
conductivity with soln. of greater dilutions is produced by the retarding influence 
of silicic acid on the movements of the ions. F. Kohlrausch noted that equilibnimi 
in the hydrolysis is attained very slowly; that the temp, coefl. of the conductivity 
is abnormal, and that the age of the soln. has a marked influence on the results. 
He also inferred that Na 2 Si 205 is the sodium silicate richest in silica which can exist 
in aq. soln., and that aq. soln. of the metasilicato contain NaOH and Na2Si20s. 
E. Jordis, F. Mylius, F. Kohlrausch, L. Kahlenberg and A. T. Lincoln, and 
R. H. Bogue showed that in the hydrolysis of the alkali silicates, the silijja separates 
in the colloidal form, and, in consequence, conclusions about the relative strength 
of silicic acid, based on the apparent degree of hydrolysis of such soln., are not 
necessarily valid; indeed, there is ground for the belief that silicic^acid is con¬ 
siderably stronger than has generally been supposed, just as W. Blum showed to 
be the case with aluminic acid. In any case, solubility experiments, such as those 
made by A. Vwterberg, are meaningless, because the phenomenon is one of decom¬ 
position. When, for instance, hydrated sodium metasilicate is treated with water, 
the first infinitesimal portion dissolved is immediately decomposed with the for¬ 
mation of colloidal silica, and the process will go on until some more or less definite 
end'^int is attained; but this presumed equilibrium is in no way determined by 
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the real solubility of thrtwdium silicate itself. J. M. Ordway made some obser¬ 
vations on rubidium sili<&. 

G. W. Morey found that when anhydrous potassium silicate glass, K20.2Si02, 
is heated to about 150° with an amount of water insufficient to give complete soln. 
crystals are obtained resembling potassium disiUcate, K2Si205, or K20.2Si02, 
prepared by P. Niggli by heating a mixture of K2C02-|-2Si02. If less silica is 
used, a liquid phase appears, and with more silica, unattacked quartz remains. 
W. Pukall obtained only the ffisilicate glass. G. W. Morey showed the conditions 
of stability of the disilicate. The crystals ate optically biaxiaf, and negative. 
They are rhombic. The habit is usually tabular, and the crystals appear as pearly 
scales. There is a strong cleavage parallel to the c-axis, and a weaker cleavage 
parallel to the 6-axis. Perfectly rectilinear or irregular polysynthetic twinning, 
resembling albite twinning, often occurs. The birefringence is low. The /5-index 
of refraction is near I'.'jOO. The crystals were quite solid at 1005°, and wore all 
melted at 1025°, so that the m.p. is 1016°! 10°. G. W..Mdrey later gave 1041° 
for the m.p., and he obtained the m.p. curve shown in Pig. 65. The molten liquid 



is very viscid, and solidifies to q glass. When a drop of water is. placed pn the 
crystals, on the stage of the microscoiio, they do not dissolve uniformly, but break 
up into thread-like forms. The solubility curves or m.p. of the binary system 
K2Si20}-H20 arc shown in 1 ig. 64, and the range of stability in the ternary system 
K28i08-Si02-Il20 is shown in Fig. "58. G. W. Morey found that if an anhydrous 
glass approximating Na20 : Si02 *s heated with much water above 400°, a homo¬ 
geneous hydrated glass is formed; but if the amount of water is not sufficient to 
give complete soln., and the temp, is 300°, crystals of sodium disilicate, Na2Si205, 
are formed. W. Pukall obtained a devitrified disilicate glass. G. W. Morey and 
N. L. Bowen’s m.p, curves are shown in Fig. 66. The m.p. of the disilicate is 875°. 
According to G. W, Morey, the rhombic crystals usually appear in the form of 
scales with a pearly lustre ; and micaceous cleavage. The extinction is parallel, 
and the ojitical character negative. The indices of refraction are a=l'504; 
P=1’514; andy=l'518. 

G. W. Morey found that when an anhydrous alkali silicate glass is heated with 
water, the product obtained depends on the temp, and press., on the amount of 
water present and on the ratio R2O ; Si02. If a glass, K2O ; Si02, Is heated with 
an equal weight of water at 400°, tie product is a clear, homogeneous, hydrated 
glass; but if half the proportion of water be used with glasses ranging from 
K2O ; Si02 to K2O : 6Si02, at 200°-400°, the product is a mixture of the hydrated 
glass and crystals of potassium fiydrodisilicate, KHSi206, or K20.H20.4Si02. 
The crystals can be freed from the adherent glass by leaching with hot water, with¬ 
out affecting the sharpness of the crystal angles. The crystals belong to the 
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ib<^ic system. Xbe habit varies, exhibiting elongated forms parallel to the vertical 
axia, and tabular forms. These sometimes occur side by side. W. Pukall inferred 
that bdcsuse plates and needles were present in one of bis preparations, two difierent 
compounds were present. This by no means follows. The identification depends 
on measurements of the optical constants, etc. Cleavage is well developed, and 
parallel to the elongation; twinning Is common; and the optic axial angle is 
69'5’. The Waxial crystals are positive. The refractive indices are o=l'480-l'4fl5 
and y=l'530-l'§35. The higher numbers are probably more correct. The crystal¬ 
lographic properties resemble those of a hydrated potassium silicate report^ by 
C. Friedcl and E. Sarasin in 1881. The sp. gr. is 2'«7± 0 002 at 1574°. The 
crystals are not readily affected by water even when kept at 100° for several 
hours; they are decomposed when heated with dil. hydrochloric acid leaving 
a birefringent residue containing only silica and water--a similar residue has been 
.described by F. Rinne. The vap.,press, of the water is very slight pince the 
crystals can be heated in air to 350° without loss, but at 450°, the loss is appreci¬ 
able. Q. W. Morey also obtained evidence of monobydrated potassium disilicate, 
KjSijOs HjO, on the solubility curves. Fig. 64, and in the ternary system. Fig.‘65. 
This compound is decomposed by water below 280°,*and at 405°, it passes into the 
anhydrous salt. The crystals occur in rounded forms, rarely showing crystal faces. 
The crystals arc biaxial and positive, and have a small axial angle, and high 
birefringence. They dissolve completely in water. 

W. Pukall obtsinod what he regarded as dibydrtUed jwtmmum diailkatf., K,8i,0,.2H,U, 
by crystallization from au aq. soln. of tile metasilicate; lie also repoi-ted ^lotaaaium dihydro- 
tHraatlicnle, ‘K,H,Si 40 j,, potuaaimn diliydrohaaraailtcata, K,H,8i,0,4, and potaaatum 
dihydro-octoaihcatf, K,H,SigO,„ to lie formed as insoluble zeolites by the action of super¬ 
heated steam on the glasses. 0. W. Morey could not verify tluiso observations. 
W. K. Sullivan obtained ietralarahydrated potaaaivm patUoatlictUa, K,0.5Hi0,.14H,0, by 
leaving a soln. of potassium silicate in contact with carbon dioxide under press, for a 
few months. The white crust which adhered to the gummy silica was removeil, and 
dried 111 contact with frwpiontly renewed tilter-paper. The excess of potassium carbonate 
was removed by allowing the crust to stand on filter-paper alongside a dish of water under 
a bell jar ; the paiier was frequently renewed. In a few months, the potassium carbonate 
was alt removed, and the residue was drusl at 60° in a current of air. 


J. W. Dbhereiner.io and L. Bloxani studied the action of silica on heated mix¬ 
tures of sodium and potassium carbpnatcs. J. llcgnauld reported that the stickiness 
of potash water-glass is reduced when mixed with smla w^ater-glass. B. von Ammon 
and J. M. Ordway said that the sodium and potassium silicates do not form a 
poUmium sodium silicate. ,J. Lemberg studied the action of a soln. of sodium 
silicate on one of potassium salts,*and conversely; C. (1. C. Bischof, the effect of 
sodium chloride on a soln. of potassium silicate; and J. Lemberg, the action of 
potassium chloride or nitrate on a soln. of sodium silicate, and of sodium nitrate 
on a soln. of potassium, silicate. 

0. Schott obtained glasses by 
fusing mixtures of sodium and 
lithium carbonates and silica. 

R. C. Wallace found that with 
mixtures of sodium and lithium 
silicates, no sodium litdiium silicate 
is formed, but an unbroken scries of 
mixed crystals is produced—Fig. 67; 
while with lithium and potassium 
silicates no evitlence of the forma¬ 
tion of a potassium lithium silicate 
was obtained—Fig. 68. No crystallization occurred with mixtures containing less 
tharr 50 pec cent, of lithium silicate; and only when lithium silicate exceeded 60 per 
cent, were mixed crystals formed. For potassium nitratosUicale, vide infra, silver 
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§ 24. Copper, Silver, and Gold Silicates 

Copper oxide and silicic acid do not exhibit a marked affinity 'for one another, 
and stable compounds are not common. Copper silicates do not occur abundantly 
in nature. Copper oxide dissolves in fused silicates producing blue or green glasses. 
The alkali silicate glasses tinted by copper are blue.' The coloration of glass by 
copper has been discussed by P. Ebpll, P. Hautefeuille, V. Auger, M. Pettenkofer, 
A. Lecrenier. F. Wohler, B. Fr&iy and G. Cldmandot, P. Zulkowsky, F. Knapp, 
H, S. Washington, H. Hecht, L. Jatschewsky, etc. The coloration of glass and 
glazes a ruby red, the so-called Chinese red, rouge flamme, rouge tiambi, sang de 
bcBuf, etc., has been discussed by C. Paal and W. Leuze, J. C. M. Garnett, F. Knapp, 
M. Pettenkofer, P. Zulkowsky, C. E. Guignet and L. Magne, R. Schwarz, H. A. Seger, 
C. Lauth and G. Dutailly, W. Spring, H. lo Chatelier and G. Charpy, C. Otsuki, 
L. Franchet, W. H. Zimmer, etc. The general results indicate that the coloration 
is produced by colloidal copper in the same way that gold-ruby colours are pro¬ 
duced by colloidal gold (q.v.). P. Zulkowsky considered that it is necessary to 
assume the existence of two modifications of copper to explain why strongly heated 
copper-ruby glass is colourless when rapidly cooled. The colourless variety is 
presumably dissolved copper, the red variety is copper which has had time to 
separate. F. Zulkowsky found that a blue soln. of an ammoniacal cupric salt 
is not decolorized by powdered copper-ruby glass, and hence inferred that the 
copper is not present in the metallic form. He assumed that sufficient copper 
would be exposed or accessible to the reagent under these conditions. It would 
not bo surprising if he is wrong when it is remembered that copper-ruby glass 
has 01 per cent, of copper. For colloidal copper silicates, vide supra, water- 
glass. V 



SILICON 


341 


According to M. Philips, when an alloy of copper and silicon is exposed to 
moist air for eight days, a black oxidized layer is formed ; and by using the alloy 
as anode in an alkaline soln. of potassium tartrate, a black deposit is formed which, 
when washed with alcohol and ether, and dried, has a comjx»sition corresponding 
with impure cuproM orthosilicate, CujSiOi. J- L- Jarman and J. F. MacCaleb 
investigated an acidic slag which was supposed to contain cuprous silicate. 
J. N. von Fuchs,* and A. I. Waicker obtaine<l a bluish-green procipitaUi by adding 
a cupric salt soln, to one of water-glass, and the colour is retained when the soln. 
is boiled. Observations on the product were made by G. Barth, A. Koim, and 
R. Dollfus. 0. Low said that the precipitate is soluble in a cone. aq. soln. of 
potassium hydroxide, and J. Schroder, that it is insoluble in pyridine. According 
to E. Jordis and W. Hennis, the reaction between copper sulphate and sodium 
silicate in aq. soln. does not oeeur according to the equations which can be written 
for them. If the reagents are mixcA in eq. proportions an acid liquid is obtained 
which contains sibcic acid. The amount of metal in the filtrate varies independently 
of the reaction in the liquid. In the presence of much alkali, the metal dissolw's 
together with the silicic acid. It an excess of either reagent is addl'd, the pro¬ 
portion which passes into the filtrate increases from a minimum with the excess. 
The hydrated silicates are blue, the anhydrous s'llicates are green. M. Rilger 
obtained no copper orthosilimle by heating a mixture of tlie constituent oxides at 
IkKf'-KKX)'. C. N. Otin found lliat it.is inijiracticable to make a thermal analysis 
of the binary .system cuprous o.xide-silica. on account of o.xidation to cupric oxide, 
and a ternary system is thus formed. Basic mixtures were formed containing 
crystals of cuprous oxide, together with a eutectic. The thermal results, togetlier 
with the determinations of density, indicate that several silicates arc formed, the 
compositions of which are uncertain. 

H. Schilf reported a green precipitate to be formed when an alkali silicate is 
added to a soln. of a cupric salt. Most of the copper oxide dissolves in aq. ammonia, 
and when the residue is dried, it furnishes an amorphous powder with a com¬ 
position of copper diammino-disilicate, (fuO. 2 S 1 O 2 . 2 NH 3 . (f. Sirnmonds pre¬ 
pared by precipitation a product with the conqiosition of a strUum cuprio silicate, 
.'JNa2O.17(JuO.2I^iO2.20H2O, and he examined its reduction when heated to 
redness in a sliteam of hydrogen. * 

According to A. Scacchi,* ncoci/anile, a sublimation product of Vesuvius, is 
probably cupric metasilicate, CuSi 03 . It was also deecribed by F. Zambonini. 
By treating a soln. of water-glass with copper sulphate, W. Piikall obtained a 
hydrated mixture of cupric metasiljeate and cfipric hydroxide, SCuSiOs, Cu{0II)2, 
4 H 2 O. H. Schwarz and G. A. Mathis obtained a product agreeing with CuSi 03 .H 20 
by adding the proper proportion of a 0'25 per cent., soln. of sodium metasilicatc to 
a 2 per cent. soln. of pentahydrated cupric sulphate; and if the soln. contained 
a little iV-NaOH, C'uSi 03 . 2 H 20 was obtained. They also made mono- and di- 
hydrated cupric amminometasilicates, CuSiO 3 .II 2 O.NH 3 ; and CuSiO 3 . 2 H 2 O.NH 3 , 
as well as dihydrated CUpric diamminometMilicate, CuSiO 3 . 2 H 2 O. 2 NH 3 , stable 
below —16°. 

W. T. Schaller described crystals of what he called shatluchle from the Bhattuck 
Arizona Copper Co.’s mine at Bisbee. According to F. Zambonini, the composition, 
CuO.SiO2.iH2O, hemi'hydrated cupric metasilicatc, resembles that of the mineral 
phmheUe. W. T. Schaller also found crystals of monohydiated cupric metasilicate, 
CuSi 03 .H 20 , in the same mine; and the mineral was called bisheeile. Jt. F. Rogers 
found it in a copper mine in the Grand Canyon, Arizona. The mineral belongs 
to the rhombic system. Both minerals are blue. E. S. Larsen gave for the 
refractive indices of bisbecitc, a=l’615±001, j8=l'625 ±0 01, and y=l'71 +0'01. 
A. F. Rogers considered this sample to be impure because he obtained for sodium 
light o=l'589, j8=]'620, and y=l'649±0(X)l; W. T. Schaller’s values are o or 
)3=1'69 and y=l'65. The birefringence, y-a=0'060 + 0’002; the extinction is 
parallq^; and the optical character is positive. The mineral is pleochroic, being 



342 


iNOKGANiC AM) THEORETICAL CHEMISTRY 


deep blue in the y-direction; pale bluish-green in the ^-direction; and neutral 
in the a-direction. Fragments of the' mineral are soluble in molten sodium 
metaphospbate. The colloidal mineral from Copper Mountain, Alaska, described 
by A. F. Rogers, was called cornuUe, and a similar mineral described by 
H. Buttgenbach from Katanga, Belgian Congo, was called katangUe. 

In 1800, B. F. J. Hermann, before the St. Petersburg Aoademjr, described a 
mineral which ho had obtained indirectly from Achir or Aschir Mahnmd, who found 
it near Semipalatna. The mineral was named achirite or aschirile. The account 
was published in 1802, but meanwhile, R. J. Haiiy had published an account of 
the mineral and named it dioptase— from Sea, through ; to see—because 

the cleavage directions could be seen by looking through the crystal. 

The mineral was mentioned by J. J. Ferber, J. C. I)elam6therie, and A G. Werner, 
and they considered it to be a kind of emerald coloured with copper— Kupferemaragd. 
F. Mohs called it timaragdochalcite. Later descriptions were made by C. A. S. Hofmann, 
F. Sandberger, E. S. Dana, M. Hauer, N. von Kokscharoff, etc. The mineral occurs 
asfgrciated with limestone and quartz in the Kirgheso Steppes, Malaja Urjumskaja (Russia), 
and was described by C. I). Schangin, N. von Kokscharoff, A. Breithaupt, M. Websky, 
A. Jaivy, G. A. Kenngott, A. Ldkaulx, K. Maack, I*. W. Jeremejeff, A. des CToizeaux, and 
H. Credner; at Kezbanya (Hungary), and was described by J. A. Krenner; near Comba 
in the French Congo, and was described by hi. Jaiinetaz, and A. des Cloizoaux ; (Africa); 
in Chili and Feru, and was described by G. vom Rath, AI. Bauer, and C. A. Burghardt: 
at Clifton, Graham Co. (Arizona), and was described by E. R. Hills, and G. F. Kunz, and 
at Rivemide, Final Co., when it was described by W. B. Smith. 

The mineral was analyzed by L. N. Vauquelin, H. Hess, A. Damour, M. Henglein, 

F. Zambonini, G. Tsehermak, etc. The data agree with the formula, CuSiOs.HzO. 
C. F. Rammelaberg regarded the mineral as cupric dihydro-orlhositicale, CuH 2 Si 04 , 
because the combined water is not expelled below 400°. G. Tsehermak 
first represented it as a metasilicate, HO.Cu.SiOs.H, but later adopted the 
orthosilicate hypothesis. F. W. Clarke gave the graphic formula; HCu 
==Si 04 .Cu.H 2 Si 04 .Cu.H 2 Si 04 .Cu.Si 04 =H 3 . F. Zambonini found that the water 
begins to be evolved at 95°, and the dehydration curve is continuous; at 478°, 
a little still remains. There is a slight change in colour at 398°. He represents 
the mineral as hydrated cupric metasilicate, CuSiOs.H^O. A- G. Becquerel 
synthesized the mineral by the action of sola, of cupric nitrate and potassium 
silicate separated by parchment paper: K^SiOs-f CulNOslz f HjO-CuSiOj H 2 O 
-f 2 KN 03 . 

A. Breithaupt found that the,columnar emerald-green crystals belong to the 
thombohedral system, and have tlic axial ratios a:c=l: 0'53417. The crystals 
were also ine,asured by M Websky, A. L^vy, 6. A. Kenngott, N. von Kokscharoff, 
H. Oredner, M. Bauer, E. Jannetaz, A. des Cloizcaux, J. A. Krenner, etc. The 
fracture is conchoidal. The sp. gr., according to A. Breithaupt, is 3'270-3’301; 
and, according to G. A. Kenngott, 3'314-3'348. The hardness on Mohs’ scale is 5. 
R. Cusack gave 1171°, and A. L. Fletcher 1221° for the m.p. of dioptase. The pleo- 
chroism is feeble; and the double refraction strong and positive. W. H. Miller 
gave for the indices of refraction, (o=l’667, and e=l'723; A. F. Rogers gave for 
cornuite, 1'549. A. Khringhaus and H. Rose compared the dispersion and double 
refraction of the orthosilicates of copper, beryllium, and zinc with their mol. wts. 
W. Hankel found that the crystals arc pyroelectric, and when cooled, both ends of 
the principal axis are negative, and the surfaces positive. J. Lemberg studied the 
microcheinlcal reactions. When treated with hydrochloric or nitric acid, gelatinous 
silica is formed. According to A. Damour, a soln. of potassium hydroxide does not 
attack dioptase, but with a soln. of ammonia and ammonium carbonate, a blue sob. 
is formed. C. Matignon and G. Marchal examined the corrosive action of water on 
dioptase in the presence of carbon dioxide under 10 atm. press, during ten years. 

G. mmmonds examined the reduction of dioptase when heated to redness in a stream 
of hydrogen. 

In the third century B.C., the term ChiysOOoUa— from xpwror. gold ;',<oiXAa, 
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glue (8older>“Wa8 applied by Theophrastus in his Ilipt AtiPwy ( 4 . 26) to a green 
stone containing copper, and it appears to have been used in soldering gold; the 
same name has been applied to borax, also used for a similar purpose The mineral 
was also mentioned by Pliny, who, in his Hhtoria tujturalis (38. 86, 93), applied 
the term to a number of different minerals including a copper carbonate. Cyprus 
was named as a prominent locality. In his De materia medica, Pioscoridea said 
that the besf chrysocolla had a leek-green or prase colour. 

O. Agricoia,* J.G.Wallehus, and A. Cronstedt called itBerggriin,ca'rnleumniontanutn,afid 
viride montanum. Hence tlie terms ntoutiiain blue, moutUain green, etc. A. G. Werner 
calleti it Kup/ergrUn. Both clirj’socolla and an earthy variety of copper carbonate were 
included in tlieso terms from the sixteenth to the eighteenth centuries by A. Eslner, 
^ G. Werner, and B. J. Haiiy. The last-named, however, calle<i it euhre hydrosiliteux 
in 1820; and M. H. Klaproth ^giied that the sihca in chrj’wocolla is not merely mixed 
with the copper oxide, because tlie two constituents fonn a chemical compound. J. R John 
made a similar observ’ation os a result df his analysis of a apwimon of Siberian Kiejielhtpfer. 

J. F. L. Hatismann called the mineral Knuieliup/er, and C'. I.eonlmrd, Ktesehnaiachil. 
P. Berthior’s spocimon of chrysoi-olla from Somerville, New Jersey, was tor a time called 
BOtnermltUe. Tlie so-called Kupferblau of G. Bos<' contains some carbonate as impurity. 
Kupferpedterz or melanodtalcitc, analyzetl by G. A. ItOnig and by W. Liiulgn*n and 
W. F. Hillebrand, contains appreciable quantitio.H, and have been called eupnc carbunnto- 
siltcaiCB. The agpe.rolite of H. Hermann, named on a<‘count of its l>rittleiK«8, was found at 
Taghsk, Kussia, and it was considered to be trihydrateil copfier metasilicate, CuSi(),.3H,(), 
or dihydrated copi>er dihyilro-ortliosilicate, H,CuSi()4.2H,0. Ho considered it a member 
of the series of hydratiMl cupric silicates dioptase, chrysocolla, ospcrolite. 'I'ho Kupfer- 
jiecborz of C. A. S. Hofmann is almost block in colour; it was descrilKMl by A. Dariiour, 
C. F. Kammelsberg, and F. von Kobell, and is regarded as a inixtim^ of limoiute and 
chrysocolla ; similar remarks apply to tho liepalinerz of A. Breitlmiipt. 

Tho mineral has been report^ from various localities. G. Kobo, W. ifaidmger, C. Haer- 
wald, K. J. Hauy, 1*. W. Jomruojelf, J. ii. Blum, and C. F. Kanimelsherg mentioned its 
occurri'nce at Bogoslowsk, Niznij-Tagil, and Altai, in Kussia; T. Sclie(*rer, at StrOinsheiim 
in Norway; A. Krt*ithnupt, m Bailoa; C W. von Gumbol, at Kupforlierg in Kavaria; 

E. S. Dtuta, and J. C. Ullinann, in Nassau; A. Frenzel, at Schneeliorg in Saxony; 
M. Wobsky, and H. Traube, in Silesia; 1*. Ilorter, V. H. von Zepliarovich, and K. F. I’eters, 
at Rochlitz in iiohomia; G. Sillein, K. F. I’eters, J. K. Blum, and V. H. \«m 
Zepharovich, at Libenthun in Hungary; L. von K6«'hel, and K. Ftigger, In Salzlierg; 
G. Tschormak. and h. Liebener and J. V'orhauser, at Falkenstein and Schwatz in Tyrol; 
G. A. Konngott, in Switzerland; G. Hosier, and A. K. Ih'lesso, in Italy; J). F. Wiser, G. Freda, 
and J. K. Bl^iir? at Nicolosi, and Bipan, in Sicily; J# Berthier, at Canavuilles, France; 

K. P. Gmg and W. (». Lettsom, on tho copper minos of Cornwall, England ; A. Knop, 
P. Groth, and G. Gurioh, at Namoqiialand m Africa; G. T. Bowen, P. Borthior, and 
A. Diifn^noy, at Somorvillo m New Jersey ; J K. Santos, a H|)#cinien from Utah ; G. F. Kunz, 

F. P. Dunmngtoii, K. Kobortson, and J. W. Mallet, in Giln (’o., Arizona; G. A. KOiiig, in 
Denver, Colorado; L. C. Bock, at Franklin, Now Jot-fiey; E. Jannettaz, and W. M. H utchings, 
in California; A. Breithaupt, at ZimApan, Mexico; C. A. Burghardt, in Peru ; I. Domoyko, 
in Chile; and A. L. Sack, A. J Jversidge, and J. K. Blurn, in South Australia, and New South 
Walo-S. Analyses have been reported by J. K. Blum, T. Schoerer, F. von Kobell, 
C. F. Kammelsberg, K. Hermann, G. Freda, J. K. Santos, F. P. Dunnington, K. Koliertson, 
J. W. MaUot, E. Jannettaz, W. M Hutchings, J. Doineyko, N. I’ollegrini, W. JJndgroii and 
W. F. Hillebrand, H. F. Keller, E. Manasso, F. Field, P. Berliner, L. C. lieck, 0. T. Bowen, 
P. Herter, E. S. Dana, A. Damour, T. Thomson, J. C. Ullmann, M. H. Klaproth, etc. 

The analyses show that idealised chrysoculla is ditaydiated copper metasilicate, 
CuSi 03 . 2 H 20 ; and, excepting for the water content, it has the same ultimate com¬ 
position as dioptase. As is usual with colloidal minerals, the composition varies 
much owing to impurities. The silica is probably derived from the decomposition of 
other minerals, and an excess appears in many analyses. Besides free silica, oxides 
of copper, iron, and manganese may be present, and this would change the colour 
to a brown or black. Some copper carbonate and sulphabi may be present, as 
well as oxides of lead, antimony, arsenic, etc. C. G. 0. Bischof suggested that 
copper silicates have been formed in nature by the action of silicates of the alkalies, 
alkaline earths, or magnesia from the weathering of silicate rocks on soln. of copper 
salts from tho oxidation of copper pyrites. He also found that copper silicate is 
deconmosed by carbonated waters, forming copper carbonate. E. S. Dana men¬ 
tioned specimens of chrysocolla from Chili in which the interior was malachite. 
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T. Soheerer found chtysocoUa associated with felspar, and assumed it to have been 
formed by the action of cupric sulphate on that mineral. The analyses of different 
samples, however, agree with the ratios Cu: Si: H20=l: 2:2’6 (Lipari), 1:2:2'3 
(Boleo), and 1:1:2 (Nicoiosi). H. F. Keller’s analysis of a sample from 
Huiquintipa corresponds with CuH 2 (Si 03 ) 2 .H 20 . P. Groth holds that chrysocolla 
may occur mixed with the copper aluminosilicate, CiiAl2Si208. Chrysocolla occurs 
both in the colloidal and crystalline states, and it is coloured blue ot green. The 
colloidal nature is in agreement with the different views which have been reported 
as to the proportion of combined water. A. F. Rogers regarded the crystalline form 
as a mctacolloid, i.e. a microcrystalline substance of colloidal origin. A. F. Rogers 
and F. H. Probert regard the variable composition as due to the adsorption of 
magnesia, lime, and other oxides. A. Breithaupt gave 2 560 for the sp. gr.; 
E. Jannetas, 2’272 ; R. Hermann, 2'306 ; and T. Scheerer, 3'317. The sp. gr. of 
specimens with a low proportion of impurity ranges from 2'0-2'2. The hardness 
is between 2 and 4 on Mobs’ scale. Chrysocolla is decomposed by acids with the 
separation of pulverulent silicic acid; and not gelatinous silicic acid as in the 
case of dioptasc. C. Simmon^Js examined the reduction of chrysocolla in a stream 
of hydrogen at a red heat. E. Dittler said that chrysocolla readily adsorbs aniline 
dyes. E. Puxcddu and E. Maftca found the mineral from Bena de Padru to be 
radioactive. 

A. Lacroix * found a variety of ahrysoculla at Hondouii in the French Congo, and he 
named it plancheile. Ita composition approximated lCCu0.12Si0,.511,0. Tlio formula 
has some analogies with that of ganomalito. It can bo regarded as a basic copper mota* 
silicate, H,C'u,(CuOH)g(SiOs)|,, The sp. gr. is 3'3G. M. Henglein noted the occurrence 
of this mineral at Uuebab, S.W. Africa, tf. von NordenskjOld described a blue mineral, 
demidovile, or dtmidopUe, found by A. von Domidoff m Niznij-Tagil (Ural). It appears 
to be a silieophospbate, a mixture of a silicate and phosphate, or a mixture of opal aud 
phosphate. It was also examined by N. von Kokscharoff. Tlie analysis indicates 31'56 
per cent. SiO,: 3314, Cut); O'fiS, Al.Oj; 1'53, Mgt); 23'0.3, H,0 | I0'22, P,Oj. The 
sp. gr. is 2'25, and the hardness 2. K. P. Grog obtained a similar mineral in Cornwall. 
II. M. Kramborger described a mineral, pilarite, obtained at Pilar in Agram, having the 
composition CnCUjAlgSi,,0jg.24II,0 ; sp. gr. 2'f>2 ; and hardness 3. It may be a mixture 
of copper aluminosilicate, etc. According to F. Cornu and M. Lazcrovic, both demidovito 
and pilarite arc colloidal chrysocolla with adsorbed matters. A. d’Ajnbrosio described 
a blue, compact, ]iorcelain-liko nnofo varieta di crmcoUa which he called IraversoUe, after 
G, B, Traverse. It was found at Arenas, Sardinia, and its composition corresponded with 
2(Cu,Ca)0.Al,0,.2Si0|.12H,t). The index of refraction of the isotropic mineral is 1'665. 
A. F. Kogera, andS. G. Gordon described samplos from the Grand Canyon which are probably 
cyanutrichtlr, a bine mineral ocenrring in needledike crystals described bj' E. iS. Larsen 
with a=1 -588, /S.--1 '167, and y=-1 'ODS?' 


If a piece of silver be heated in contact with glass or glaze, below the softening 
temp, of either, the silicate acquires a y'ellow colour owing to the diffusion of the 
metal into the solid. The diffusion of silver in glass has been discussed by 
A. Heydweiller and F. Kopfermann,® E. Warburg, G. Schulze, etc. Glass coloured 
with colloidal silver, analogous to gold ruby glass, is blue. J. S. Stas also showed 
that finely divided silver combines with glass when heated in a current of air to 
near its softening temp., and that silicates and silica are attacked by the molten or 
vaporized metal. Porcelain is coloured yellow or yellowish-brown when heated 
with silver. J. J. Berzelius showed that silver introduced as oxide also dissolves 
in fused silicates, forming yellow glasses; and he said that when the precipitate 
obtained by-adding aq. ammonia to a soln. of silver fluosilicate, is treated with an 
excess of ammonia, sillier silicate is formed. For colloidal silver siheates, vide supra, 
water-glass, E. Jordis found that when sodium silicate is fused in a silver crucible, 
the metal is attacked, and when the product is extracted with water, a brown 
voluminous mass remains which becomes black when treated with an excess of 
water. It contains silver and soda in the ratio Ag: NaOH=0'001296 :1. If 
silicic acid is added, a brown silver silicate is formed. J. D. Hawkins said that 
if a soln. of silver nitrate be treated with sodium siheate, a citron-yello^ pre- 
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cipitato is fomed, which becomes darker in colour when dried. Analyses show 
that it contains a little more silica (as impurity) than corresponds with flOvST 
metasilicate, Ag 2 Si 03 . It is readily decomposed by acids, and is completely 
soluble in aq. ammonia. It can be heated without decomposition, but, at a red 
heat, it decomposes into silica, silver, and oxygen. W. Pukall cUimed to have 
made a metasilicate by heating an intimate mixture of silicic acid and silver 
oxide in tlteoretical proportions. The dark yellow crystalline product is readily 
attacked by nitric acid. R. Schwarz and G. A. Mathis worked with dil. soln., and 
obtained a precipitate of dihydrated silver metasilicate, Ag 2 Si 0 s. 2 H 20 ; and they 
converted this into dihydrated silver diamminometasilicate, AggSiOs-SHgO.aNHg. 

According to G. Rousseau and G. Tite, when silver nitrate is heated with a small 
quantity of water and fragments of marble in sealed glass-tubes at 180"-300“ for 
many hours, deep ruby crystals arc obtained, adhering strongly to the sides of the 
tube. They correspond wdtb silver dinitratotriorthosilicate, 2 AgN 03 . 3 Ag 48 i 04 , 
or 7 Ag 2 O. 3 SiO 2 .N 2 O 5 . A similar product is obtained if finely divided silica is 
added to the contents of the tube, and in this case the crystals do not adhere to the 
glass. Silver oxide may be used in place of calcium carbonate, but the excess is 
difficult to separate at the end of the operation. •The same product is obtained in 
smaller crystals by heating silver nitrate with silica at 350M40®. Silver nitrato- 
silicate forms short, ruby prisms showing longitudinal extinction in parallel light. 
When heated to dull redness, the crystals intumesce with evolution of nitrogen 
oxides, leaving a residue of metallic silver and the silicate, Ag 2 Si 03 . The uitrato- 
silicate is easily soluble in dil. nitric acid, but after some time, and especially on 
heating, silica separates. Hydrochloric acid decomposes the compound immediately 
with the separation of silver chloride. Ammonium chloride also decomposes it, 
and the soln. smells of ammonia, but nilratosilicic acid could not be isolated. A 
soln. of potassium chloride soln. is without action even at 100°, but potassium 
iodide yields silver iodide and potassium nitratostlicate, the latter separating in long 
necdl(‘8 when the filtrate from the silver iodide is cone, in a vacuum. 

For the coloration of glass with gold, vide 3. 2.3, 11. According to P. P. von Weimam,’ 
if 0‘1-1‘0 per cont. soln. of sodium chloroauratc and sodium silicate are mixed, a clear 
soln. of, pos^bly, auric siliaUe is obtained. This grnilually develops a reddish colour, 
and, chanj^ing slowly, finally becomes blue. UoaguUition commences after several months, 
and the microscopic examination of the coegulum has shown a close similarity in structure 
with that presented by the gold in auriferous quartz. H. Rose assumed that the colourless 
glass which becomes ruby-red when reheated contains gdd silicate, and that the red colour 
occurs wlien the silicate changes to red oxide. Had he said that the red colour is duo to 
the separation of ultra-microscopic particles nA gold, many would have agreed with him 
to-day. • 
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§ 26. The Silicates ol the Alkaline Earths 

• • 

P. Bcrthicr ' tried to make a definite silicate by fusing a mixture of lime and 
silica, and separating the free lime by wa.sbing. This raetliod led him to the 
formula 2 Ca 0 . 3 Si 02 for the product; L, E. Kivot, to 2 Ga 0 ,Si 02 ; and E. Landrin, 
to dCaO.SSiOz. Assuming that the mixture was completely fused, the anhydrous 
basic silicates are partially decomposed by water, and the hydrated silicates are 
progressively decomposed by the washing with water. N. (J. Sefstriim heated 
various mixtures of quartz and marble in carbon crucibles in a blast furnace, 
and obtained products which were represented by the older chemists as definite 
calcium silicates — e.g. calcium ortkosilicale, 2 Ca 0 .Si 02 ; calcium metasilicate, 
CaO.SiOg ; calcium sesquisilicate, 2 Ca 0 . 3 Si 02 ; calcium mesodisilicate, Ca0.28i0j; 
and calcium paralrmlicate, Ca 0 . 3 Si 02 —although there was little ,or no evidence 
that the products were chemical individuals. Similar remarVs apply to the 
silicates reported by E. Martin— viz. 2 Ca 0 . 5 Si 02 ; SCaO.SSiOz; 10CaO.5SiOj; 
lOCaO. 6 SiO 2 . 2 H 2 O: 13Ca0.5Si02: and 2 Cn 0 . 5 Si 02 . 3 Hj 0 . W. S. Patterson and 
P. F. Summers discussed the effect of additions of alumina, and oxides of copper, 
zinc, iron, and magnesium on the fusibility.of lime silicate slags. 

Observations on the fusibility of mixtures of silica and calcium oxide were made 
by A. Petzholdt, H. Philippi, W. A. Lampadius, P. Berthier, N. 0. SefstrBm, 
F. Oredt, W. Heldt, G. Oddo, E. Jordis, 0. Schott, R. Rieke, and A. J. Rossi. 
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J. W. Cobb noted that the reaction begins below the m.p. of either component. 
0. Boadouard observed three maxima and four eutectics on the fusion curve. The 
maxima corresponded with calcium orthosilicate, calcium metasilicate, and tri¬ 
calcium silicate. A. L. Day and E. S. Shepherd showed that under normal 
conditions, combinations are formed at temp, below the m.p. provided the con¬ 
stituents are finely powdered and adequately mixed. They found that silica and 
calcium carbonate (1:1) begin to react at 800°, and the reaction is nearly complete 
at 1400°; and mixtures of silica and calcium sulphate (between L: 3 and 3:1) 
react between 1005° and 1010°. J. A. Hedvall detected signs of a reaction between 
precipitated silica with calcium oxide at 1000°, and silicate formation at 1400°; 
and with barium oxide at 900°. E. Tischler found that at a press, of 25 atm. in 
steam it is not possible to effect the union of eq. proportions of lime and silica, but 
at 200 atm. very little escapes combination; and. the compound formed is 
CaSi0g.2'34H20, but the proportion of water varies a little. H. 0. Hofman made 
observations on the temp, of formation; and R. Akerman measured the heats of 
solidification, Q, of some calcium silicate mixtures. If d° be the m.p.; C cals., 
the sp.' ht. between 0° and 9 °; L, the latent heat of fusion, Q—Cd+L. D. Balareff 
found that the presence of water, and of traces of hydrogen chloride or sulphide 
vap. favours the reaction between ■silica and calcium oxide; while air, hydrogen, 
and carbon dioxide also favour the reaction. It is assumed in some cases that the 
gas forms a surface skin of, say, sulphide or chloride, which fuses easily and brings 
the two materials in better contact. In other cases, the surface mols. are loosened 
by the adsorption of the gas, and the effect is comparable with softening or melting. 

The thermal diagram of mixtures of calcium oxide and silica has been developed by 
A. L. Day and co-workers, (J. Doelter, G. A. Rankin and co-workers, R. Niggli, and 
J. B. Ferguson and H. E. Merwin. This work is summarized in Fig. 70. Calcium 
forms at least four definite silicates; the orthosilicato, CagSiOg ; the metasilicate, 
CaSiOg; the orthodisilicate, CagSigO;; and the basic silicate, CagSiOj. In addition, 
the ortho- and meta-silicates exhibit crystalline modifications. The mutual 
rektions of these different compounds are illustrated in the equilibrium diagram. 
Fig. 70. S. G. Gordon reported the occurrence of the aCaSiOg-CagSigO; eutectic 
at Spartanburg, S.C. The compositions and temp, of critical points are sum¬ 
marized in Table XIII, where the temp, marked with an asterisk are inc'ongruent 
m.p., the others are congruent. 


Table XliT. —Comfositions and Temferatubes in tuk System. CaO-SiO.. 


Euteotic: cristobalite—gCaSiOj 
Eutectic: /8.CaSiO,-0a,8i,O, . 

Invar.; Cu,Si,0,-Ca,SiO, 
Eutectic; CajSiO^-tiaO 
8-Ca8iO, . . . . 

Ca,Si,0, ." . . . 

Ca,SiU,. 

Ca,8iO,. 

CaO. 



Per cent, by weight. 



OaO 

SlOj I 


B 

37 0 

03-0 ' 

1436^ 

J) 

54-5 , 

45 5 ; 

1455' 

H 

55 f) 

44-5 ' 

1475' 

F 

«7*5 

32-5 

2065' 

^ \ 

48*2 

61-8 

1640' 


68-2 

41-8 

1476' 


06-0 

,35-0 

2130' 

— ! 

73*6 I 

26-4 

1900' 

Q \ 

100 ! 

0 

2670' 


P. Berthier tested the fusibility of various mixtures of silica with baryta and 
with strontia. P. Eskola’s equilibrium diagrams for strontium and barium oxides 
with silica are shown in Pigs. 69 and 70. The results are summarized in Table XIV. 
The m.p. in the table are all congruent. Strontium furnishes the orthosilicate, 
SrgSigOg, and the metasiheate, SrSiOg, but not in polymorphic forms. Barium also 
furnishes one form each of the orthosilicate, BagSiOg; the metasilicate, BaSiOg; 
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the mesodisilicate, BaSijOj; and the mesotrisilicate, Ba^SijOg. P. Bary discuMed 
the glassy silicates ol the alkaline eartljs. 



Figs. 69 aiid 70. —Temporature-Concentration Diagrams of the Buiary Systems; Srf) SiOj 
and BaO-SiO,. • 


A number of hydrated calcium silicates have been reported in nature, and 
some have been prepared artificially. The products obtained by the wet processes 
are usually variable in composition and have the character of colloids. Near the 


Tabi-k XI V'. --CNjm positions and Tismpeuatoukk in tjjk Binary Systems: SrO SiO, 
AND BaO -SiO*. 


Eutectic: tridymito- RO 
RSiO, . . . - 

R,Si(), .... 

Eutectic : •RjSiaO, - HO. 
Eutectic: KSiOj-HjSiOj 
Eutectic: RjSiO^-KO . 


Ver cent, by weight. 


SrO 

810, 

ni.p. 

46*.'J 

63-5 

1368'’ 

H3-2 

30*8 

1678" 

77-ri 

22-6 

- 




6r)'5 

34 f) 

1545" 


IVr a'lit. by weight. 

m.p. 


BftO 

610, . 


47 

53 

1374" 

71-8 

282 

1604" 

83 6 i 

16-4 

— 

62 9 

37 1 

1460" 

65 

35 

1437° 

74-5 

25*5 

1551° 


• • 

end of the eighteenth centuryf J. Gadoliii,'' and L. B. G. do Morveau precipitated 
alkali silicates by a calcium salt, and by treating hydrated silica with calcium 
hydroxide. J. N. von Fuchs stated that hydrated silica added to lime-water pre¬ 
cipitated a white, pulverulent calcium silicate. W. Hcldt observed that silicic acid 
mixed with milk of lime forms a hard mass. E. Landrin stated that gelatinous 
and dialyzed silicic acid acts on lime-water forming various hydrated calcium silicates 
which play a rdle in the setting of hydraulic cement. Ho represented the com¬ 
position of the precipitate by ICaO.SSiOg; L. E. Kivot, by 2Ca0.Si02; and 
P. Berthier, by 2Ca0.3Si0.i. This subject was studied by H. le Chatelier, who 
demonstrated that products with a composition between CaO.IOSiOj and 2Ca0.8i0a 
can be obtained by varying the proportions of lime and silica used in their pre¬ 
paration, and by using a sufficient vol. of water in washing, a residue*of nearly pure 
silica can be obtained. E. .lordis found that the action of hydrated silica on a 
boiling soln. of lime-water gives products of variable composition the mean ol 
which is O-hhCaO.SiOa. E. Jordis and B. H. Kanter did not obtain homogeneoua 
products by heating silicic acid and calcium hydroxide in the presence of a molar 
soln. of calcium chloride; and when a soln. of calcium hydroxide, either alone, or 
in the presence of a calcium salt, and suspended silicic acid, is boiled, the calcium 
from the hydroxide combines with the silica, and is afterwards removed from the 
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compound formed, and then again combines with it to a greater extent than before. 
The anion of the calcium salt plays a part in the reaction. A mixture of calcium 
oxide or hydroxide and quartz or amorphous silica—kieselguhr—was heated under 


press.—20-200 atm.—in an autoclave. 


Z,60Cf 


TfCdJiOi^meir^- 

_ fi:Cd,SiCI,^^Cd,Si0s=.^J 

Cd3SiA*i’’elt-\ 

fl-CdS/Oj+melt 


The tenacity of the product with calcium 
hydroxide was less than if 
the mixture with calcium 
oxide was t afterwards 
hydrated. The tenacity was 
greater the fester the den¬ 
sity of the silica. Quartz 
reacts most slowly. The 
maximum tenacity was 
obtained with CaO : SiOj 
=1:3, combination was 
not complete. With a 
mixture CaO : Si02=l: 1, 
combination was com¬ 
plete at 200 atm. press., 
and the resulting silicate 
had the composition 
Ca0.Si02.2'34H20 — vide 
infra, hydrated calcium 
motasilicate. E. Tischer 
obtained a similar product, 
and H. le Chatclier said that 
^ -oi "^^rmt.CdO inthehydrationofhydraulic 
•S cement, elongated crystals 

„ . . . , . of Ca 0 .Si 02.2 5H20 are 

cl";™ the decomposi- 

tion of the basic tncal- 

cium silicate : 3ra0.SiO2+4iH20=2Ca(OH)2+CaO.Si02.2JH2O, Fig. 71. When 
a mixture of milk of lime and a cone. soln. of water-glass is stirred, speedy 
coagulation occurs, and the mixture “ sets,” and it becomes crumbly if the stirring 
is continued. If the soln. be sufficiently dil. a voluminous precipitate of calcium 
silicate is formed. The.se phenomena were observed by J. N. von Fuchs, J. M. Ord- 
wav, otc. 
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F. Kuhlmann also noted that an nq..soln. of an alkali silicate is decomposed by 
calcium carbonate, sulphate, or phosphate, forming calcium silicate and an alkali 
salt. C. G. C. Bischof said that calcium carbonate does not react with hot or 
cold soln. of alkali silicate; J. von Liebig said that washed chalk adsorbs but a 
little alkali silicate from a dil. aq. soln. of water-glass ; J. M. Ordway, and F. von 
Kobell noted that calcium carbonate decomposes a hot .soln. of water-glass. 
A. C. Becquercl obtained stalactitic formations of calcium silicate by introducing 
chalk impregnated with lead or cupric nitrate into a soln. of water-glass of sp. gr. 
1'074 ; and by separating soln. of calcium acetate and potassium silicate by means 
of a porous membrane, he obtained a deposit of doubly refracting crystals of calcium 
silicate on the membrane. C. F. Rammelsberg reported the presence of 
needle-like crystals of hydrated cdkmm orlhodmlimte, 3 CaO. 2 SiO 2 .H 2 O, or 
C 8 SiO 3 .Ca 2 SiO 4 .H 2 O, from the hearth of a Leblanc soda-ash furnace. W. Heldt 
reported the formation of the hydrated salts: pentahydrated eakium Inpeniita- 
eiliaate, 6 CaO. 3 SiO 2 . 5 H 2 O, by triturating a mixture of calcium hydroxide and a 
soln. (d water-glass; and of trihydrated calcium paralneUicale, Cs 0 ASi 02 . 3 H 20 , 
by the action of calcium chloride on a soln. of water-glass. T. J. Pdlouze, and 
J. Weiaberg precipitated the silica as calcium silicate from a soln. of an alkali sificate 
by the addition of calcium chloride; W. Heldt used calcium saccharate as pre¬ 
cipitant. E. .Tordis and E. H. Kanter could not obtain evidence of the forma^on 
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of definite chemical individuals by the sction of calcium chloride on aq. soln. of 
sodium silicate, or by the sction of gelatinous silica on lime-water in the presence 
of calcium chloride. According to A. L. Herrera, when a soln. of potassium silicate, 
with a sp. gr. of I 'S or more, and containing potassium carbonate not in excess of a 
normal soln., is placed inside an unglazed porcelain cup, and the latter placed in 
calcium chloride soln. of sp. gr. 1 007, after 24 hrs,, numerous very fine tubes of 
calcium siUoate are formed on the outside of the porous cup. The surfaces of the 
films have a number of microscopic cells, and in some cases are formed entirely of 
cells, * 

According to H. le Chatelicr,^ crystals of calcium ozyorthosilicate, CaO.Ca:SiU 4 , 
or 3Ca0.Si02, occurs in hydraulic cement, and the product obtaineil by calcining 
the limestone of Teil has very nearly this composition, and it is an excellent hydraulic 
cement. L. E. Rivot, G. Qddo, and E. .lordis mention this compound; while 
A. L. Day and E. S. Shepherd say that no one has isolated a definite homogeneous 
compound of the composition, SCaD.SiOj: and attempts to make it by fusing the. 
constituents together furnish mixtures with ill-defined optical qualities. 
6. A. Rankin and F. E. Wright found that the comimund is unstable at its hi.p., 
and it does not occur in contact with the melt in thC binary system. Fig. 71, so that 
it does not occur as a primary base at any point of the liquidus curve. It ilocs, 
however, occur as a primary base within the ternary system, CaO-AloOj-SiOj. 
In the formation of the compound from the mixed oxides at 140(t°-1500”, the ortlio- 
silicltc is first produced, and this, ort longer heating, unites with free lime to produce 
the basic orthosilicate. It di.s.sociate3 at 1!KX)“± 20°, forming Cat) and the ortho- 
silicate ; this temp, is below that of the eutectic, 2065°, between calcium oxide and 
calcium orthosilicate. The basic .silicate occurs in small, colourless grains about 
0'3 mm. long which arc apparently without cleavage ; the refractive index approxi¬ 
mates I'llf), and the birefringence is weak, not over 0 ()0,5. The grains appear to bo 
uniaxial or biaxial with a small optic axial angle. The optical character is negative. 
Fine twinning lamellae, with low extinction angles, occur on some of the grains, indi¬ 
cating that the crystal system is possibly monoclinic. H. le Chatclier suggested 
that the oxyorthosilicate and the orthosilicatc are isomorphous. 

The anhydrous orthosilicates. —N, G. Sefstrom could not fuse a mixture of 
two inolar.pr'oportions of calcium carbonate with one molar proportion of silica 
in the furnaces available in his day ; but G. Oddo fused the mixture in an electric 
furnace, and obtained a porcelain-like mass. G. Stein, H. Hanemann, W. Fukall, 
and V. Poschl made observations on this subject. *E. Kittl noticed that during 
crystallization there are 190,000 centres sil crystallization per sq. cm. If. le 
Chatelier, 0. Zulkowsky, E. Jordls, etc., noted the occurrence of crystals of calcium 
orthosilicate, 2 Ga0.Si02, or CaaSiO^, in the clinker of portland cement. A. Meyer, 
C. Zulkowsky, and P. Rohland suggest that two isomeric forms occur in [Hirtland 
cement; and the latter symbolized these hypothetical isomers: 


Ca<®>Si<®Nt'a 




A. Gorgeu found the orthosilicate among the products of the action of steam 
on a mixture of silica and calcium chloride at a high temp. F. de. Lalando and 
M. Prud’homme, and W. Lowenstein obtained this compound by the action of 
heat on various mixtures of silica, lime, and calcium chloride. J, H. L. Vogt 
also found crystals of the orthosilicatc in blast furnace slags. To, emphasize its 
relation to the orthosilicates of the magnesium family, calcium orthosilicate is 
sometimes called limedivim. D. A. Tsehemobajefi and 8. P. Wologdine estimated 
the heat of formation of 2Ca0.Si02 to be 28'7 Cals. 

According to A. L. Day and co-workers, the individuality of calcium ortho- 
silicate is established by its appearance as a maximum, corresponding with a m.pi 
of 2080° on the equilibrium diagram. Fig. 71, and by the optical properties of 
the^product. It crystallizes in three, possibly four, distinct forms. The a-form 
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here described i» th»t designated the y-form by A. L. Day and co-workers, while the 
y-fotm here described is A. L. Day’s a-fqrm. The alteration is made in accord 
with general usage, where the form stable at the low temp, is called the a-variety. 
The y-calcium orthosilicate is stable between UlO' and the m.p.; ^-calcium 
orthosilicate is stable between 675° and 1410°; and o-calcium orthosilicate is 
stable below 675°. ^'-calcium orthosilicate is a monotropic, unstable form. 
6. A. Rankin and co-workers give 1420° + 2° for the higher transition temp, of the 
y- to the ^-form, The changes are reversible so that they also give 2130° + 20° for the 

S7S’ 1420* 

a- Ca2Si04 ee ^-Ca28i04 ta y-Cs2Si04 

m.p. of the y-forra; while A. L. Day and co-workcrs gave 2080°. 
0. Boudouard gave 1420° for the m.p. of the orthosilicate; R. Rieke, 1435°; and 
H. Philippi, 1450°. The different forms can he obtained in a metastable state at 
ordinary temp, by rapid cooling. As a result of'the quenching, the transformations 
are checked for considerable intervals of time. R. Lorenz and W. Herz studied 
the relation between the m.p. and the transition temp. 

The transformation of the ^-to the a-form, in cooling, is attended by an expan¬ 
sion of about 10 per cent. This shatters the product to fine dust. The phenomenon' 
is sometimes observed in the manufacture of portland cement, and is known as 
dualing. The phenomenon occurs with calcareous blast furnace slags. For this 
reason the form stable at ordinary temp., a-calcium orthosilicate, appears ns a 
fine, colourless, transparent dust, prismatic in habit, with reflect cleavage along the 
prism axis. It naually extinguishes parallel to the direction of elongation, but 
occasionally there are indications of twinned forma with a small extinction angle, 3°. 
The sp. gr. is 2'97. The refraitivc indices are a--l'640±0'(X)3, j3=l'645±0'003, 
and y—1'654 + 0'003. The birefringence is medium, being about 0 014, Th(! optic 
axial angle is 62°. The plane of the optic axes in contradistinction to the and 
y-forms, is perpendicular to the prism axis or the direction of cleavage. 

The colourless, transjiarent crystallites of jS-calcium orthosilicate are prismatic ; 
they have a cleavage parallel to the prism axis, and probably belong to the rhombic 
system. The sp. gr. is near 3'27. The least ellipsoidal axis is parallel to the prism 
axis, and the optic axial angle is very large. Twinning is absent, and the extinction 
is parallel. The refractive indices are large a—1'722 + 0'003, and y=l'733t0'003. 
The birefringence is medium, being about 0 01. The progressive paramorphic 
change of the to the a-forin can be followed under the microscope. Soon after 
coohng, irregular interference colours appear as though induced by internal strains, 
and soon the maa.s resembles a crystalline aggregate of minute fibres. Towards 
the end of the process and, for the reason stated above, the larger masses usually dis¬ 
integrate as fine powder. An unstable form, called |3'-C8lciam orthosilicate, was 
once obtained by quenching an old hydrated sample from 1415°; it coul.d not be 
obtained from fresh samples. It appears as fine colourless equant grains without 
visible cleavage. The average refractive index is very nearly the same as that of 
calcium oxyorthosilicate, being about 1'715, and the birefringence is very weak. 
Interference figures were difficult to obtain because of the fine granularity, and the 
weak birefringence ; but the optic axial angle appears to be small or zero, and the 
optical character positive. The last characteristic distinguishes the jT-form from 
calcium oxyorthosilicate. This form appears to be monotropic, but the evidence 
of its existenco cannot be regarded as conclusive. 

Like j 3 - 0 a» 8 i 04 . y-calohim orthosiRcste shows prismatic developmcut with 
a good cleavage parallel with the prism axis. The crystals occur in irregular grains 
so intricately interwoven and twinned that a satisfactory measurement of the 
optical constants is difficult. Twinning is a characteristic feature and is often 
extremely complex. Different sets of the twinning lamellte occur intersecting at 
various angles, and together form an interpenetrating mass not unlike microcline 
or leucite. Occasionally, in a thin plate, only one set of polysynthetic twioi^ng 
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lamells is present, and resembles a section of pisgioclase twinned after the albite 
law. Extiifction angles were noted as high as 18'', though smaller angles appear 
more frequently. The crystals are either monoclinic or trichnic - probably the 
former. The sp. gr. is near 3 27; and the hardness between 6 and B. The refractive 
indices are approximately a =1'7U± 0 003, ^=1'720± 0 004, and y~l'737 + 0 003; 
the birefringence is about 0 02 ; and the optical character is positive. The optic 
angle is about 180°, and the plane of the optic axes is nearly parallel with the direction 
%f elongation of the crystals. 

The a-form is readily distinguished from j3- and y-forms by its low refractive 
index, its optical character, optic axial angle, and the position of the plane of the 
optic axis to the prism axis; while the ^-forni is distinguished from the y-form 
by the absence of twinning and the parallel extinction. H. le Chatelier found that 
calcium orthosilicate is readily decompdsed by hot or cold, dil. or cone. soln. of 
ammonium salts. The action of acids is still more rapid. The decomposition by 
carbonic acid is much faster than is the iiasc with the metasilicate. Hot or cold 
^'ater has no appreciable action ; and oidy a small proportion was dissolved after 
a month’s action. 

R. Kirwan,t L. N. Vauquelin, and 0. Bourgeois obtained glasses by fusing 
together mixtures of strontia and silica, ti. Steiu melted tw^ moTs of strontia and 
one mol of silica in a carbon tube and obtained only the metasdicatc and carbide, 
but when a porcelain tube was employed, large, doubly-refracting, biaxial crystals 
of strontium orthosilicate, Sr,Si 04 . wore obtained. Tbe sp. gr. is 3'81, and he gave 
for the m.p. l.btlS’. If cooled rapidly, a glass is produced. The diagram, Fig. 09, 
indicates the region of stability of strontium ortbosilicate ; its m.p, was found by 
P. Eskola to be above the range of the platinum resistance furnace, 0. Stein gave 
1593° for the m.p. No evidence of polymorphic forms was obtained by heating the 
crystals between 990° and IG-'U”; by slow cooling ; or by melting with strontium 
chloride. The salt did not show the phenomenon of dusting exhibited by the calcium 
salt. The indices of refraction wdth the F-ray, Tl-ray, /i-ray, and the (’-ray were 
respectively o-=l-7f0,1'732.5,1-7275, and 1-722; j8=l-74'l, 1-737,1-7.32, and 1-727 ; 
and y--l-7B0, 1-7BU, 1-7.5G, and 1-702. The optic axial angle 2JS=58°, and 
2K=32° 3tt'. Th(j optical character i.s positive. The twinning of many crystals 
on the (lOO)-plano was olxserved. The crystals are thought to be monoclinic or 
possibly rhombic. W. Pukall made some observations dn strontium orthosilicatc. 

R. iCirwan, B. Kcrl, and 0. Wagoner obtained glasses by fusing together mixtures 
of baryta and silica. C. L. Blo.xam studied the expulsion af water from barium 
hydroxide by heating it with silica. A. Mitscherliij^ noted that much heat is evolved 
when silica is dissolved in baryta at a white heat. The crystalline product is 
readily soluble in hydroclJoric acid. G. Stein, by the above-named process, obtained 
only the mctasilicate. H. Ic Chatelier did not make barium orthOBiliCtde, Ba 2 Si 04 , 
but obtained a sintered mass with a crystalline structure by beating the necessary 
components in a wind-furnace. The product when treated with water decomposed 
into bariunt hydroxide and the hydrated»metasilicatc. E. Jordis said that it is 
doubtful if the barium orthosilicate so produced is a homogeneous individual. 
W. PukaU made some observations on barium orthosilicate. The diagram^Fig. 70, 
indicates the region of stability of barium orthosilicate; and its m.p. was found 
by P. Eskola to be higher than that of platinum. F. M. Jager and H. S. van 
Klooster said the m.p. exceeds 1750°, The crystals were found by P. Eskola to 
be in the form of rounded grains, and they did not show any cleavages o^twinning. 
The indices of refraction for the H-ray were a=l -810 + O’OOB, and y—1 "830 + 0-005. 
Both H. le Chatelier and E. Jordis failed to prepare the orthosilicate by wet pro- 
sesses. F. Pisani reported 3BaO.2SiOj.2HjO, but he made a mistake in the 
xilculation of his results; his product was probably the hexahydrated meta- 
Slicate (q.v.). 

The anhydrous metssilicatos.— The most important of the calcium silioates 
incurring id nature is ralcium znetasilicate, CaSiOj, known as the mineral WoUas- 
VOL. vt. - 2 a 
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tonite. Thk name was applied in honour of W. H. Wollaston, and, according to 

C. C. von Leonhard,® it was catalogued by S. L4man as a specimen found at Capo 
di Bove, near Ron>e, and it was supposed to be different from the ordinary 
tabular spar. In 1793, A. Sttttz first described the mineral as tabular sj^, and 
A. Estner used the same term in 1797. M. H. Klaproth analped it in 1802. 

D. L. G. Karsten called it grammite, and A. 6. Werner, Schalsteirt. R. J. Hally 

first called it spalh m tables, but later be called it woUastonito, a term used at the 
present day. . 

Woltastonite is rarely found in eruptive rocks, but is commonly found as a product 
of contact metamorphism, more particularly in granular limestones. It occurs in felspathio 
schists, basalts, ; and A. Lacroix found wollastonite associated with aplite. 
b\ A. Waichner, F. Koch, and J. H. L. Vogt described the occurrence of the ciyst^ in 
blast fumaco slags, and in volcanic lavas. A? Gurlt, F. Koch, F. Fouqu6, J. Morozewicz, 
etc., Ij. Appert and J. Henrivaux found woliastoiiito crystals in devitrifying glass.. 
K. Brenosa showed that the devitridoation product is possibly a tetragonal modification, and 
he found it in the obsidian glass ina tunnel at Pisoua. He proposed to call the natural tetra¬ 
gonal form hourgeoisite. C. V^lain reported wollastonite in the slag formed during the bum* 
ing of some corn-stacks. G. vom Rath described its occurrence at Kaiseistuhl, and P. Platz, 
at Bellenwald in Baden; C. W. €. Fuchs, P. Platz, P. Groth, and A. Streng, at Auerbach 
in H^sen; P. Platz, atPfoSenruth, and F. Sandberger, at Schweinheim and Gailbach in 
Bavaria; A. Frenzel, at Lengefeld and Berggieshiibel in Saxony; E. Leisner, and £. Schuh* 
maohor, at Geppersdorf, and H. Traube.at Neudeck in Silesia; F. Katzer, at Humpoletz 
in Bohemia; V. K. von Zepharovich, at Blunda in .Mahren; K. F. Peters. F. Hessenberg, 

F. Sandberger, L. 8. Szathmary, and V. H. von Zepliarovich, at Hezbanya and Cziklova 
in Hungary; G. vora Ratli, A. d’Achiardi', L. Busatti, G. Striiver, A. des Gloizeaux, F. von 
Kobell, T. Monticelli and N. Covelli, A. Scacchi, B. Micrisch, and P. Grosser, in Elba, 
Sardinia, Bracciano, Capo di Bovo, and Vesuvius in Italy; !<'. Fouqii^, K. von Seebach, 

F, Hessonbeig, and A. Michel-Jj6vy and A. Lacroix, in Santorin, Greece j A. Piquet, and 

G. A. Kenngott, at .Merida in Spain; A. Lacroix, and C. VV. Cross, at Argonti^ras and 
Rognedas in France; R. P. Greg and W. G. Lettsora, ot Dunmore Head in Ireland, and 
near Aberdeen in Scotland; A. Erdmann, P. Groth, A. E. Tdrnobohm, F. von Kobell, 
W. Hisinger, G. A. Kenngott, and G. Forehhammer, at Ghkura, Wettemaee, AlnO, etc., 
in Sweden ; A. E. NordenskjOld, and F. J, Wiik, in Finland; A. des Cloizeaux, A. Logorio, 
and N. von Kokscharoff, at WUna, Kas)>ek, etc., in Russia; H. Wulf, 0. Miigge, and 

G. Giirich, in Damaralund, Namaqualond, and Massaland, Mrica; L. Kundeshagen, in 
Sumatra; A. K. Coomaraawamy, in Ceylon; T. Wa<ta, in Japan; G. C. Hoffmann, at 
Grenville, North Burgee etc.,in Canada; and L.Vanuzem, H. Seybert, J. D. Whitney, 
J. X>. Dana, E. A. Schneider, J. F. Williams, etc., in Bucks County, Willsborough Diana, 
Bonaparte Lake, etc., in tha United States. The mineral wilntte (or vilnite) from Wilna 
(or Vilua) was shown by A. des Cloizeaux to be wollastonite. The calcium trisilicate, 
2Ca0.3Si0|, found at iEdelfors, and Gjellebiik (Norway), by W. Hisinger, and named 
<vd«//or«i/e, was sliown Ly G. Forehhammer to be wollastonite contaminated with quartz, 
felspar, garnet, and sometimes with calcium carbonate. Analyses have been m^e by 
C. F. itammelsberg, R. Brandes, Fl’ft. Beudant, M. H. Klaproth, H. Traube, J. Loezka, 
F. Stromeyer, H. St. C. Deville, J. Lemberg, F. von Kobell, A. Funaro, G. vora Rath, 
A. von Reis, F. Fouqud, A. Piquet, M. F. H^dJo, C. E. Weidling, W. Hisinger, H- Hose, 
0. Widman, L. C. Book, P. A. von llonsdorff, N. von Kokscharoff, H. Wulf, L. Vanuxem, 

H. Seybert, J. D. Whitney, J. H. L. Vogt, W. Hampe, G. Tschermak, £. Manaase, 
A. d'Achiardi, F. Zambonini, C. Doelter, P. P. Sustohinsky, T. Wada, L. Hundeehagen, 
A. K. Cooraaraswaray, K. A. Schneider, J. F. Williams, L. 8. Szathmary, etc. Vtde 
laumontite. 

F. Zambonini * described a pale blue minwal from Vesuvius, found in loose nodules, 
wliioh he called n'vai/e—after C. Kiva. Its composition approximated (Ca,Na|)Si|0(. 
The sp. gr. was 2 ‘55-*2 '56 ; and the hardness 5. The birefringence was weak. N. L. Bowen 
showed, however, that rivaite is heterogeneous, being wollastonite embedded in a blue 
glass. The same remark applies to the so-called natmuriie. 

Calciinn metaa\ka.te tHste \5v \,v)o ioims—mtviial woliastoiute, 'ulich.ia 

mesuoAmt, wwi WMilowciBastonito, wMcfi la paeudofiexagonal. Both 

lotms can be pre^red artificially. The two forms are sometimes mistaken for one 
another, and although wollastonite has been frequently reported in slags and 
glasses—wde supra J. H. L. Vogt.t and P. Hebcrdey said that it U rarely found in 
Blags, while pseudowoUastonite is common. According to J. H. L. Vogt, 
the synthetio wollastonite prepared by B. Mauritz, and L. S. Szathmary was reaUy 
pseudowoUastonite. According to E. T. AUen and W. P. White, wolliBstonit® is 
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rtable only below 1190°, and above that temp, it passea into pseudowollaatonite. 
By heating a glass of the composition CaSiOj between 800° and 1000°, crystals of 
wollastonite were formed. The conversion of pseudowoUastonite to wollastonite 
was effected by dissolving the former in molten calcium vanadate and crystallising 
between 800° and 900°. The fact that pseudowollaatonite does not occur in nature 
is taken to show that rocks containing free calcium mctasilicste must have crystal¬ 
lised at temp, below ithe inversion point of wollastonite. PseudowoUastonite has 
also been caUed /i-wollastonite, and the ordinary form /S-wollastonite ; but since 
in other cases of aUotropism, the a-forin is the variety stable at a low temp., psoudo- 
woUastonite is designated ^-CaSiOj, I'.e. jS-woUastonite, in Fig. 72, and wollastonite, 
a-CaSiO], i.e. a-woliastonite. 

N. Q. Sefstrfim obtained a vitreous mass mixed with acicular crystals by melting 
a mixture of equimolar proportions of Quartz and marble. H. Lechartier melted 
a mixture of silica, lime, and calcium chloride and obtained what he regarded as 
crystals of wollastonite; and A. Gorgeu obtained similar crystals by heating 
a mixture of silica, and calcium oxide and chlorids in a current of steam. 
J. H. L. Vogt, however, showed that the alleged wollastonite was probably the 
pseudo-variety. L. Bourgeois melted equimolar parts of lime and sdica in a 
platinum crucible; the cooled mass was then slowly heated nearly to the m.p., 
and needle-like crystals appeared near the walls of the crucible. By heating 
the mass for two days, nccdle-like crystals 2-3 mm. long and 01 mm. thick were 
obtained. E. Hussak obtained wollastonite by fusing and slowly cooling a glass 
containing silica, linnr, soda, and boric oxide —say, a mixture of sodium metasilicate 
and calcium borate. The crystals appear to be formed best in the presence of an 
ajent miitiralizakur — e.g. boric oxide (E. Hussak), sodium or calcium fluoride 
(C. Doelter, B. Karndeeff, and F. Tursky), calcium chloride (H. Lechartier, and 
A. Gorgeu), and calcium vanadate (E. T. Allen and \V. P. White). G. Oddo, 
H. le Chatelier, G. Tschormuk, and G. Stein made crystals of pseudowoUastonito 
from a molten mixture of lime and silica. The formation of pseudowoUastonite 
in slags has also been discussed by F. Koch, ('. Schnabel, }. F. L. Hausmann, 
L. Bourgeois, P. Hebcrdcy, G. Doelter, .1. H. L. Vogt, etc. G. V. Wilson observed 
the fonnation of crystals of wollastonito, but not pseudowoUastonite, in glasses. 
W. Liiwenstcin noted the formation of calcium metasilicate when silica is dissolved 
in molten calcium chloride—mdc silica. A. Daubrdc claimed to have made wollas- 
tonitc in microscopic needles by the action of superheated steam on a glass tube, 
but J. H. L. Vogt contested this statefhent. C. Doelter, howfver, heated a mixture 
of calcium carbonate and silicic acid in a sealed jf#n tube at 400°-425°. It was not 
possible to isolate the product from the excess of silica, but the monoclinic crystals 
closely resembled those of wollastonite. The genesis of wollastonite in nature has 
been discussed by U. Grubenmann, G. 8|)ezia, V. M. Goldschmidt, C. Doelter, etc. 

Wollastonite occurs in white, grey, yellow, or brown tabular crystals which are 
monocUnicprisms. P.Groth®givesfortheaxialratiosa:4:c=1 0523:1: 0’9694, 
and P=95° 24^'. Measurements of the crystals of native wollastonite were made 
by R. J. HaUy, W. PhiUips, F. Mohs, H. J. Brooke, F. von Kobell, J. F. L. Haus¬ 
mann, A. des Cloizeaux, H. Bose, A. Michel-Livy and 
A. Lacroix, G. vom Rath, C. F. Rammelsbcrg, A. Funaro 
and L. Buzatti, N. von Kokscharoff, F. Hessenberg, etc. 

Fig. 72 represents the crystals from Diana, measured 
by J. D. Dana, with c (001), a (100), v (101), ( (101), Fio. 72.-Wollaslomft from 
and h (540). According to E. T. AUen and W.P. White, Diana, 

the lath-shaped crystals of artificial woUastonite often 

present the same arrangement of divergent fibres as is given by natural woUastonite, 
and the two kinds ate similar in every respect. The crystals often show perfect 
cleavage cracks paraUel to the long direction. The crystals of pseudowoUastonite 
appear in the form of smaU irregular grains often tabular in shape; in short prisms; 
or else as fibfes arranged in paraUelordivergent groups. C. Doelter,and 3. H. L. Vogt 
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consider the crystals of pscudowollastonite to be hexagonal. L. Bourgeois, 
A. L, Day and co-workers, and H. T. Allen and W. P. White have shown that the 
crystals are pseiidohexagonal, and arc probably monoclinic. The crystals often 
show distinct and repeated twinning lamcll® parallel to the basal pinacoid and 
g --r-rn 2°. E. Kittl measured the rate 

__ of crystallization of wollastonite and found a curve, Fig. 73, 

^ with a sharp maximum at the most favourable temp. The 

maximum is about 20° below the temp, at yhich crystalliza- 
^ " (i50° 1^10° liSIf tion begins. He estimated that during crystallization there 
Temperdture are 330 crystallization centres per sq. cm. 

Fio.73.—KITectotTem- H. Traube gave 2'81 for the sp. gr. of wollastonite; 

perature on the Speed 2-919; A. Funaro and L. Buzatti, 2-7-2-8; 

ofCrystalh/.ation. ^ ^-^O. E. T. Allen and W. P. White 

found the sp. gr. of fibrous wollastonite made by the devitrification of glass 
to be 2-915 at 25725°, and the sp. gr. of the glass, 2-904, at 25°/25°; and the sp. 
gr. of the crystals from'calcium vanadate, 2-913 at 25725°; the sp. gr. of 
pseudowollastonite under similar conditions was 2 912, so that the differences 
observed nught be attributed to experimental error. R. C. Wallace found the 
sp. gr. of pseudowollastonite to be 2-91 at 18°, and the mol. vol., 40. J. H. L. Vogt 
gave 2-88 for the sp. gr. of pscudowollastonite, and 0. Doeltcr, 2-88-2-90. 
P. Lebedew found the sj). gr. of pscudowollastonite to be 2-88, and the hardness 
3-6. The hardness of wollastonite is . 4-5. The coeff. of thermal expansion of 
the glass calculated by A. Winklemaim and 0. Schott’s rule ® is 0-0(XX)28. A. Brun 
gave 1,366° for the m.p. of wollastonite crystals from Auerbach. 0. Boudouard 
gave 1440° for the m.p. of the metasilicate, and 0. Schott, 130(f° (1450°); 
A. S. Ginsberg, and S. Smolensky, 1512°; E. Ricke, 1525°; H. Philippi, 1515°; 
and N. V. Kultascheff, >1400°. A. L. Fletcher, 1253°-1258°; and C. Doelter, 
1240°-1265° for the m.p. of the crystals, from Auerbach ; 1245°-1265° for those 
from Gziklowa; 1250°-13(X»'’ for those from Diana; 1235°-1275° for those from 
Elba; and 1260°-1325° fur those, from Kimito-thc first nundicr represents the 
temp, at which fusion begins, the last number the temp, at which the silicate is 
fluid. E. T. Allen and W. P. White, A. L. Day and E. ,8. Shepherd, and 
J. P. Lebedew gave 1512° for the m.p. of pscudowollastonite; G. A. Rankin and 
F. E. Wright gave 1540'+ 2°. K. C. Wallace found the crystallization of the 
molten mass begins at 1502°. K. Lorenz and W. Herz studied the relation between 
the m.p. and the transition temp. 11. Kopp gave 0-178 for the sp. ht. of wollastonite 
between 19° and 51"; and W. P..,White gave : 

100" 500" 700" 900" 1100" 1300" 

I’soudowolIaHtouito . . — 0-2184 — — 0-2377 0-2419 

WoUastonito . . . 0-1833 02174 0 2287 0-2364 0 2403 — 

I). A. Tsebernobajeff and S. P. Wologdine gave for the heat of formation, (CaO,Si02) 
—17-4 Cals ; and H. le ChatcUer gave CaO+SiOj—CaSiOs-fSfl l Cals. The 
transition temp, of the cnantioinorphic forms is given as 1180° by E. T. Allen and 
W. P. White, while G. A, Rankin and F. E. Wright gave 1200°, which is lowered to 
1190° by the dissolution of 2 per cent, of calcium oxide, and raised to 1210° by the 
dissolution of 2 per cent, of silica. 

E. Mallardfound the indices of refraction of a sample of wollastonite from 
Pargas (Finland), to be a=l-619, j3—1-632, and y=l-634; and A. Michel-LiSvy 
end A. Lacroix, one from Cziklova (Hungary), o---l'621, j3=-l-633, and y=l-635. 
For artificial or o-wollastonite, E. T. Allen and W. P. White, and G. A, Rankin 
and F. E. Wright found with sodium light 0 = 1-616 1 0 002, j8=l‘629± 0 002, 
and y=l-631 ±0-002; likewise for pseudowollastonite or )3-wollastonite, 
0=1-610 ± 0 002, and y=l-654 ± 0-002. The birefringence of o-wollastorute is 
medium, y-a=0-015; that of j3-wollastonite is strong, y-o=0-041; the extinction 
of o-wollastonite is parallel to the elongation. The optical character of o-wollaa- 
tonite is negative, that of )3-wollastouite positive. The optical axial angle of 
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a-wollastonite is about 70^: and that of jS wollastonito is small being nearly uniaxial. 
A. des Cloizeaux found 70'’ 40' for the optic axial angle of wollastoiute with rod 
light, 69® with green light, and 68® 24' with violet light. He also found that an 
optic axial angle 73® 32' al 17 became 73® 4' at 126°. W. F. Hillebrand foundsome 
samples give a greenish-yellow thermoliuuinescence. K. Przibram studied the 
colour changes and the luminescence produced by radium rays. F. Farup and 
co-workers inve8tigaft?d the electrical conductivity of fused calcium silioaU^s. 

Wollastomteis soluble in hydrochloric acid, and gelatinous silica separates from 
the soln. The reaction was studied by G. Pose, and (». Tschermak. A. Gorgeu said 
that boiling hydrochloric acid completely decomposes the mineral; and with tlie dil. 
acid a part of the silica remains pulverulent and soluble in a soln. of sodium enrbouato 
—the more cone, the acid the less residual silica. Cold dil. acetic acid does not 
appreciably affect the mineral. Accorcfmg to W. Flight,a cone. soln. of sodium 
hytiroxide attacks wollastoiiite, and lime and silica pass into soln. in the same 
proportions us they are present in the mim'ral. J. Lemberg found that when 
wollastonite is treated with a soln. of magnesium sulphrfte or chh»ride, wollastonite 
is transformed into a hydrated magnesium silieat(‘. H<? also studied the exchange 
of bases with soln. of sodium ami pota.ssium silicates, and potas.sium aluminate. 
A. Gorgeu said that OOl grin, of wollii-sfonite dissolves iu*about a litre of water. 
G. A. Kemigott observi'd tliat powdered wollastonite heh>re and after calcination, 
reacts strongly alkaline to re<l litmus. A. Gorgeu found water sat. with carbon 
dioxide acts slowlv on wollastonite ; ami F. Matignon and G. Marclial examined 
the corrosive action of water on wollastoniti^ in the prestmee of carbon dioxide 
under ten atm. pres.s. during 3 years. A. Gorgeu noted the solubility of wollastonite 
in fused calcium chloride, from which it separates in tine cry.stals vide sui)rn in 
connection with the synthesis of wollastonite. According to G. 10. Kunkin ami 
F. K. Wright, jiseudowollastonite can take up 2 per cent, of lime or silica in solid 
aoln. l)o*-lti‘r found that euleinm inctusdicate can dissolve 13 per rent, of 
silica. P. L(‘h4‘defT measured the f.p. of mixtures of calcium melasilicuie and 


calcium sulpliuh'. The corrosive action of tin' latter pre¬ 
vented expi'riinents with mixtures containing over hO per ‘ } i | ' 

cent, of calcium* sulphide. The curves are shown in ^ N-.-.. I 
Fig. 74. The solid soln. undergo a transformation at ^ 
temp, below their f.p., the transformation curve having a ( 

maximum at about I.'IU)' and 20 mol. p4‘r c(‘nt. of - '*1 

calcium .sulphide. Rapidly cooled i*iixtiires disinlegn i 11 I 

completely wlnui cold, whilst slowly cooled, iiiixtiires ^ 

show, when examined microscopically, separate i ry.stals 
of the jiseudow'ollastonitc and of (•alcium sulphide 
identical with the. oUlkamtc, CaS, found by N. S. Maske- 
lyne, W. Flight, 0. Friedheim, E. (.'oheii, G. llinriclm, 

and J. van Laar in meteorites. W. S. Patterson ami P. F. SumnuTs found that 


alumina ami magnesia decrea.s4*d, while ferric oxidi? increast'd, the fluidity of 
fused calcium monosilicate ; while zim; oxide at first increased and then decreased 


the fluidity. 0. Schott, and C. Zulkowsky discussed the hydration oL calcium 
metasilicate contained in jKirtland cement. H. Ic Ohatelier fouml that when mixed 
with water charged with carbon dioxide, and left in an atm. of carbon dioxide, 
calcium mc^asilicatesets toa hard ma8.s; E. Landrin based on this fact an hypothesis 
on the setting of cementa. On the other hand, when finely powderoil atid left 
for several days in water, in soln. of ammonium salts, or in lirm^-wat^r, the silicate 
does not change, and this is taken to show that it cannot take part in the normal 
hardening of cements. W. Suida noted that wollastonite is feebly stained by basic 
aniline dyes. H. Hanemann said that molten cast iron reduces calcium mctasilicate 
to silicon. N. G. Chatterji and N. R. Dhar found that calcium silicate is not 
peptized by a cone. soln. of cane sugar. 

G. Stein 12 prepared strondom metanlicate» SrSiOg, by melting equimolar 
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parts of strontia and silica in a carbon tube. When quickly cooled, doubly refracting 
granules ate obtained; and Vith'slow cooling prismatic crystals are formed. The 
glass was not produced— vide the orthosilicate. P. Eskola found the zone of 
stability of strontium metasilicate indicated in Fig. 69. Attempts were made to 
prepare polymorphic forms analogous with those of the calcium salt by holding 
the glass at 1020°; by*melting with strontium chloride, and with strontium vana¬ 
date, but without success, F, M. Jager and H. S. van Klooster also obtained only 
one form with sodium tungstate as a flux. Strontium metasilicate furnishes one 
form which closely resembles pseudowollastonite, or jS-CaSiOs. The crystals are 
pseudohexagonal, uniaxial and positive, and the characteristic habit is tabular 
parallel to (OOOI)-face. On account of the resemblance to an isomorphism with 
p-CaSiOj, the crystals might be suppodid monoclinic, but decisive evidence was 
not obtained by P. Eskola, who found the* axial ratio for the presumably pseudo¬ 
hexagonal crystals to be a:c-=l :0-98. There is a fairly good basal cleavage. 
The pyramidal faces of the crystals are striated parallel to the edge with the basal 
plane; and most of the trystafs are twinned on the base. G. Stein found the 
sp. gr. of the slowly cooled salt to be 3'90, and if rapidly cooled, 3‘89; F, M. Jager 
and H. S. van Klooster gave 3'652 at 25-r/4°; and P. Eskola, 3'650 at .3074°, and 
3'663 at 2574 °. G. Stein gave 1287° for the m.p.; R. C. Wallace, 1529°; F, M Jager 
and H. 8. van Klooster, 1578° + !°; and P. Eskola, 1580° ±4°. The indices of 
refraction of granular crystals for the I'-, T1-, D-, and C-rays arc respectively 
a=--l-606, 1-602, 1-599, and 1596;-and ^=1-646, 1 641, 1-6.37, and 1-634. 
F. M. Jiiger and H. S. van Klooster gave 0 =] -590 and j8=l-620. W. Pukall made 
some observations on this silicate. 

0. Bourgeois made a crystalline mass of barinm metasilicate, BaSiOs, by 
reheating the product obtained by melting the two constituents. 6. Stein made 
crystals of the compound by a process similar to that which he employed for stron¬ 
tium metasilicate -Cldc barium orthosilicate. P. Eskola found the zone of stability 
of barium metasilicate indicated in Fig. 70. Crystals were obtained in the form of 
rounded globules or short rods with rounded ends having a negative elongation 
and pMiillel extinction. The crystals were monoclinic, and no evidence of poly¬ 
morphic forms was obtained by heating at 1100°, or by fusion with- barium vanadate, 
and F. M. Jager and H. S. van Klooster obtained only one form by fusion with 
sodium tungstate. There is a well-developed cleavage parallel to ajS, and sometimes 
blue interference colours are obtained. The optic axial angles are 2ii’=50°, and 
2F=---29°. (i. Stein found the sp. gr. of the cf-ystals is 3-77, and of the glass 3-74 ; 
F. M.,lager and H. S. van Kloosb-f gave 4-4.35 at 2574°; R, C. Wallace gave 4-44 
for the sp. gr. at 18°; and P. Eskola, 4 399 at 4°. R. 0. Wallace gave 1490° for 
the m.p.; 0. Stein gave 1368 5°; P. Lcbedeff, 1438°; S. Smolensky, 1470°; 
F. M. Jager and H. S. van Klooster, 1604°±0-5°; and P. Eskola, 1604°. The 
m.p. of the metasilicates of the three, alkaline earths increases regularly with 
increasing at. wt. of tho metal. P. Eskola found the indices of refraction for 
the F-, T1-, D-, aud C-rays were respectively a=l-682, 1 677, 1 673, and 1 669; 
^=1-684, 1-678, 1-674. and 1-670; and y=l-688, 1 682, 1 678, and 1-673. The 
birefringence is very weak. F. M. .fager and H. S. van Klooster gave a=l-670 and 
y=l-667, E. Jordis, and W. Pukall made, some observations on this silicate. 

The hydrated caldnm silicates.— F. E. Wright is found rhombic, white, or 
pale green crystals of a radiating fibrous mineral in the Velardena district, Mexico, 
which he named hillebrandite-after W. F. Hillebrand. According to E. T. Allen’s 
analysis, the composition corresponds with monohydiated caldoia orthosllicaie, 
CagSiOj.HoO. The mineral occurs in radial fibres possibly rhombic. The sp. gr. 
is 2-692 at 25°; tho hardness 5-6; the indices of refraction o=r605, j3=l-612, 
and y=l-612. The optic axial angle is 60°-80°; and the crystals are optically 
negative. Water decomposes the mineral; it is attacked by hydrochloric acid; 
arid fuses to a white enamel before the blowpipe. F. W. Clarke suggested that this 
mineral may really be cakium dihydroioymetaeUtcate, {CaOHjjSiOj. B. von 
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Ammon treated a dil. aq. aoln. of calcium chloride with an excess of crystallixed 
sodium silicate, and obtained a gelatinous precipitate- which was partially decom¬ 
posed by atm. carbon dioxide. The composition corresponded with a hydrated 
caletum metasiUcate. W. Pukall similarly obtained a product with the composition, 
CaSi0s.2’39H20. As previously indicated, the calcium silicates prepared in the 
wet way can be regarded only as arbitrarily selected stages in the progressive 
hydrolysis of the hydrated silicate, and almost pure silica can be obtained if the 
washing be ]>rolqnged. The washing of the alkali from B. von Ammon’s product 
must therefore be a serious disadvantage. E. Jordis and E, H. Kantcr claim to 
have made monohydrated calcium met^cate, ('aSiOs.HjO, by boiling hydrated 
silica containing at least 23 per cent, of water, or a 1'8 per cent, sol of silicic, acid, 
and lime-water. The product is indistinctly crystalline. A. Gages said that the 
monohydrato remains as a residue wheh the dihydrated disilicatc, ('aSi 205 . 2 H 20 , 
is treated with a soln. of potassium hydro.\idc. A. S. Eakle reported a snow-white 
earthy mineral, the hemitnhydiated calcium metasilicate, t'aSiOj.pbiO, in the 
limestone of Crcstniore, Cal., and he called the mineral crestmoieite. It may be 
an orthosilicate, H 2 CaSi 04 . 51 l 20 . The extinction is straight; the elongation, 
|)Ositive; the birefringence, low; the index of refraction, I'ShO, or a - I'.hSS, 
j9 -13)03, and y — l'GOT. The sp. gr. is 2 22, and the hardness, 3. Crestmoreitc is 
' readily decomposed by acids with the separation of some of the silica as hydrogel; 
and boiling water extracts some calcium. At 200°, 3 27 per cent, of water is 
evolved, and at ilOO". 10'27 |)or cent. A. di. Eakle found a white fibrous hemi- 
hydratod caldnm metasilicato, ('aSi 03 .pi 20 . in the massive idocrase, at Crcstniore, 
Cal., and he called it rivcrsideite. The extinction is straight; the elongation, 
positive ; the refractive indices, a I'.'iit.''), /3 l IKl, and y I tiO.'i; the sp. gr. 2 t)4, 
and the hardness, 3. It is soluble in hydrochloric acid. 

J. Parry and F. E. Wright assigned to a colourless mineral from the Dutoitapan 
Mine, Kimberley, the name atwillite —after A. F. Williams, who discovered it in the 
mine. The analyses agrei' closely with .3('u0.2Si02,3]I.20. and since only a small 
jiroportion of the water is evolved below 300°, and all is expelled at about '.KI0°, 
the water is considered to he an integral jiart of the mineral, and not zeolitic. They 
consider it to be.a basic orthosilicate, 2 H. 2 GnSi 04 ,''a( 0 H) 2 ; but it may also bo 
represented as tribydiated calcium ortbodMicate, (^n 3 Si 207 ,.'}H 20 . The mono¬ 
clinic prismatic crystals have the axial ratios a : 6: c - 2 097 :1;‘2381, and 
;8—98° 26'. The corrosion figures with hydna-hloric acid on the (OOl)-facc agree 
with the monoclinic symmetry ; th# cleavage parallel to tbe (t)01)-face is perfect, 
and that parallel to the (l(K))-face is noticeable. ^ The sp. gr. is 2'630 at 18° ; and 
the hardness, 4. The optic axial angle 2/i’ - 9^' 08' for the Li-line, 96° O.h' for the 
Na-line ; and 96° 18', !t7° 13', and 10(t° 28' for the mercury lines of the respective 
wave-lengths HiSfi/i, and USS/x/i ; while 2F--.94°40' for the Na-line, and 

55° 00' for the line of wave-length 546/ajU. The optical character is positive. The 
refractive indices o, j3, and y are respectively 1'6148, 1'6179, and i'6312 for the 
helium red line (668/ifi); 1'6169, r6204, and r6,336 for the Na-bne (589/i/i); and 
1'6201, 1’236, and 1 6366 for the mercury green line (546fi(i). Water has a slow 
action on the mineral, and the liquid colours red-litmus blue; and phenol|)hthalein, 
red. Both sulphuric and hydrochloric acids attack the mineral freely. 

£. Jordis obtained dibydiatcd caldum mefauaUcate, CaSi 03 . 2 U 20 . con¬ 
taminated with 3 per cent, of acetic acid, by adding hydrated silica to a soln. of 
calcium acetate sat. with calcium hydroxide ; when repeatedly washed jwitb a soln. 
of potassium hydroxide, the acetic acid is removed, and the monohydrate remains. 
Some observations on this hydrate were made by W. Hcldt, E. Tischlcr, and others— 
vide supra. H. le Chateber prepared a hydrated silicate by adding an excess of lime- 
water to a colloidal soln. of silicic acid. The precipitate is very voluminous, for after 
complete deposition a gram occupies 2 Btres. A certain amount of this was 
suspended in almost sat. lime-water, and after settling, half the liquor was removed, 
analysed, 'and replaced by water. The operation was repeated a number of times. 
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and if a grms. represents tlie total amount of lime removed; and h grms. the 
quantity of lime in aoln. per litre'of liquor : 

o . . 000(1 0-500 0-765 0-890 0-965 0-»90 I'OSO 1-070 

h . . .1 000 0-510 0-270 0-140 0-085 O-flOO 0-053 0-062 

Hence, the cone, of the soln. at first decreased very nearly proportionally with 
the vol. of water added, showing that the quantity of lime given to the liquid by 
the precipitate is nearly zero; but when the quantity of lime in the liquor has 
fallen to 0-05‘2 grm. jwr litre, the addition of fresh water no longer changes the 
lime content of tin- liquor. This shows that in accord with the law of mass action, 
the hydrolysis of the silicate introduces lime to the liquid. After standing 6 months, 
in contact with a sat. soln. of lime-water, tljo compo.sition of the precipitate approxi¬ 
mates l-7CaO.SiOo.Aq., although at the moment of precipitation the composition 
was l-3Ca0.Si0..i.Aq. By washing the pr(!cipitat(: until the filtrate contains a 
little more than 0-052 grm. of lime per litre, at which cone, the decomposition of 
the silicate begins, the prlxluct contains l-lfiiO.Si().^.Aq. The excess of lime is 
taken to be adsorbed calcium hydroxide; and, allowing for this, the analysis 
corresponds with hemi^ntahydrated calcium metasilicate, CaSi 03 . 2 JH 20 . 

A. Daultr^e reported tho occurrence of dihytlratod calcium motnsilicatc, C'aSi 03 . 2 Hj 0 , 
wliich he called plombi'trtte, us a golatinouH nusiicnsion in tlio waters of the thermal eprings 
at Plombi6row. It dries to a hard inuRs o,n exposure to uir. There is some doubt if this 
is ttu accurate interpretation of the facts. F. \V. (’larko, regarding SijOy as a soxivalent 
radicle, ropreaontH plonibicrite by the formula (’afSijO,): (C'a.SijjO? 

F. C’omu considers it to be a liydrogel, possibly of wollastonito. 

C. Doeltcr said that wollasioiiite is formed when the hydrated metasilicate is 
calcined between 300*^ and B. von Ammon found that the fresh precipitate 

dissolves in water—perhaps as a peptized colloid. It is decomposed by hydro¬ 
chloric acid before or after calcination; and if it has been strongly calcined, the 
separated silica is granular. The precipitate is also flccoinposed by carbon dioxide. 

In 1866, C. F. Kammelsberg described a mineral which he named xonotllte because 
it was obtained from Tetela de Xonotlu (Mexico). A similar mineral was obtamod by 
M. F. Heddle from Loch Serpdon, Isle of Mull (Scotland) C. F. Kummelsborg’s analyses 
agree with pentiiahydrated calcium mctasllloate, ('aSiOn'iHuO, and lie regards the 
tiiinoral as a fransformation product of wollustonite. A. J.ncroix, and P. (Iroth emphasized 
the optical and structuqil resomblanco of xonotKto to okenitc (cf«/«; nijta). The sp. gr. 
is 2‘710-2’7I8; that of M. F. Hoddle’s sample was 2 05; and tlie hardness, 6J. 
E V. Sliaimon found the mineral at'J..eesburg, Virginia, is biaxial luid positive, with the 
indices of refraction a—1*583, ^=1'683, and y—1‘695. Hydrochloric acid decomposes 
the mineral with the separation of golatmous silica. Tlie eakktle described by K. S. Larsen 
was later shown to be identical with xonotlite. G. M. Schwartz found xonotlite nodules 
surrounded by a border of diopsiilo. The so-called natroxonotliU found by J. F. Williams 
in tho sulphur springs at IMagnet Cove, Arkansas, is considered to be a transformation 
product of woUastonite. The analysis approximate to RSiO3.1^20, whei-e R represents 
0*9Ca and O'lNa. 

J. Dalton,^® F. Kuhlmaim, and B. von Ammon obt-ained hydrated silicates by 
tho action of strontia or strontium salts on a soln. of water-glass. E. Jordis and 
E. H. Ranter made monobydrated strontium metasilicate, SrSi 03 .U 20 > by boiling 
dialyzed silicic acid with strontium hydroxide, or by the action of silica hydrogel, 
with at»,leagt 23 per cent, of water, on a soln. of strontium hydroxide. It is more 
stable than the calcium salt and less stable than the barium salt. The white crystalline 
powder is decomposed by boiling with water, forming an acid silicate; and an acid 
silicate is produced by mixing strontium hydroxide with silica hydrogel containing 
less water than has just been indicated. E. W. Prevost, W. Wahl, E. Jordis, and 
B. von Ammon obtained hydrated products by the action of baryta or of barium 
salts on a soln. of water-glass. The alkali requires a prolonged washing for its 
removal. E. Jordis and E. H. Ranter prepared monobydrated t^um meta^caie. 
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BaSi0sH20, as a white crystaUine powder, by a process similar to that employed 
fot the strontiuni salt. 

According to H. le C!hatelier, when a solij. of sodium silicate or colloidal silicic 
acid is treated with baryta-water, a voluminous precipitate is forinwl. It apiH’ars 
to be amorphous, but is probably crystalline when the crystals are too small to bo 
visible under high magnification. If allowed to stand 24 hrs., the precipitate collects 
as a thin layer of tai)ular crystals visible to the naked eye. Comparatively large 
crystals can be yLtained by allowing superposed soln. of sodium silicate and barium 
hydroxide to mix slowly by diffusion. A prolonged washing tiecomposes the 
crystals. At 15'^, the decomp(>sition stops when the washing liquor has O’*.)! grm. 
of baryta per litre. The analysis agrees with hexaliydrated barium metasilicate* 
BaSiOs.bHjjO. Katber more water was found in some analyses, jvrobabiy owing 
to the presence of water occluded b^’ the crystals. H. Backstrom’s analyses 
corresponded with ; W. Wald's and AI. van Beniinelen’s with 611^0. 
According to F. Pisani, and H. lo Chateher, the same crystals are ])ro(iuced spon¬ 
taneously in laboratory bottles of ])aryta-water u1 the^'-xpense of the silica of the 
glass. The crystals collect on the sides of the bottl*. F. I'isam’s formula is wrong 
owing to an error in his calculation. J. M. van Bcinmclcn found that a small 
quantity of baryta converts tiio hydrosol into the liydrogid •by wbicli baryta is also 
absorbed. When mol. proportions of silicon dioxitb; and barium hydroxide are 
taken, the crystalline hexahydrate sejiaratcs. E. Jonlis found that a lioniogeueous 
jiroduct is not formed by the action of quartz or silica hydrate on baryta-water. 
A. Cossa and 0. la Valle found (hat one inol. of (he water of erystalHzation is 
retained more tenaeioii.sly than the remaining five, and, ueeordiiig to W. Wahl, the 
formula may be BulL8i04.r)HJ), analogous with diojdase, CuII^SiO^. The 
dehydrated jjrodiict can reabsorb some wat<T. The crystals W(.Te found by 
J. M. van Beninielen to be rhombic bipyramids with axial ratios, according to 
II. 1<‘ (’halelier, of a : h : r- li72;J: 1 The double refraction is weak. 

The beat of formation from di.ssolved baryta and gelalinous siln-a is 4 cals. The 
salt Is decomposed by water ; J. M. van Bemmelen said that 10() parts of water 
at dissiplve 0'17 part of the hexahydrate. AVashing with hot water removes 
virtually all the barium. The .salt is deeompo>ed bj' carbon ilioxide. 

The mineral okenite, discovered by A. Breit.liaupt,^® was considered by 
('. F. Rammelhberg to be dihydrated calcium metfodisilicate, CuSi206.2n20. 
It may be monohydrated calcium metasilicate, ('aSi^Hc Doelter regarded 

It as a solid soln. of calcium meta.Hifteate and silicic aehl, (^Sit);j.Si()(Oll)2.«H20. 
Analyses of okenite were reported by F. von.Kobell, J. liCinherg, A. Connell, 
P. A. Dufrenoy, E. E. Schmid, S. Meunier, f. L. Walker, J. T. Wiirth, C. von 
Hauer, 0. B. Bdggild, S. Haughton, L. lMra[i8ky, etc. It occurs on the island 
of Disko in Greenland; at Poonah in India; near Bio Piitagan in Chili, etc. 
A sample from Faroe Islands was called difnelaMie- ditlieult; xAae, to break 
- -by A. Connell; and om; from Bordoe, Faroe Islands, was call<;d borditc by 
P. A. Dufrenoy. C. Docker obtained it by lieating in a seal'd tube to about 
200°, a mixture of calcium oxide or silicate, silicic acid, and carbonic acid. 
A. de Schulten obtained a product, which ho likened to okenite, by heating the 
precipitate obtained by adding lime-water to a cone. soln. of potassium silicat^^ in 
a glass tube at 180°-220° for 24 hrs. The analysis, however, showed loo littlo 
calcium oxide, too much silica, and 5 b {Mir cimt. of alkalies di'rived in part from 
the glass containing vessel. E. Jordis also described the synthesis of^amerphous 
okenite. W. Pukall obtained a similar product, CaSi206.2jH20, by the action of 
calcium chloride on a soln. of potassium disilicate. A. 8. Eakle and A. F. Kogers 
described the alteration of wiikeite to okenite. F. W. Clarke represented the 
formula-of okenite: 
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The mineral occurs as a white fibrous or compact aggregate of needle*like crystals 
belonging, said A. Breithaupt, to the rhombic system. 0. B. Bbggild assign^ 
the mineral to the triclinic system, and gave for the axial angles a—122® 64', 
^=67® 46', and y=:50® 10'; and 2*326-2*332 for sp. gr. of the crystals, and 
2*325 2*323 for the sp. gr. of the aggregates. A. Breithaupt gave 2*5 for the 
sp. gr.; A. Connell, 2*362; ?. A. Dufrenoy, 2*33; and B. E. Schmid, 2*324. 
S. Meunier found the sp. gr. to be 1*75 when the mineral* was dried at 110°. 
A. Breithaupt gave 4-5 for the degree of hardness. C. Doelter.said that when 
melted and slowly cooled pseudowollastonite is obtained, hence his hypothesis for 
the constitution of okenite; E. E. Schmid that okenite lost 2 per cent, of water 
when confined over cone, sulphuric acid; and on heating the mineral, 2*55 per 
cent, was lost at 100°; 12*95 per cent, was lo.st when the mineral sintered; and 
13*97 per cent, when the mineral fused. G.' Tamnianu measured the vap. press, of 
okenite in equilibrium with atm. containing water vap. at the vap. press, p mm.; 
the vap. press, of the mineral changes continuously. Thus, at 19° : 

Water . 0*0H 0*84 1 02 1*29 1*67 2 *10 2*06 3*21 3*50 per cent. 

V . . ir)*72 14*65 12*48 9*11 005 1*23 0*39 011 — 

As a rule, if definite h^'drates are formed there are abrupt changes in the con¬ 

tinuity of the curve ; usually also hydration and dcliydration are reversible ; here, 
if the vap. press, falls below 1 mm., the rehydration does not reach its original value. 
0. B. Boggild classed okenite as a fibrous zeolite. A. Michel L^vy and A. Lacroix 
gave for the index of refraction, l'jl56; and for the positive birefringence, 
y-a—.0*tX)91. 0. B. Boggild gave a==]*530, and y—1*541, for the indices of 
refraction, and he found the extinction with single crystals is parallel, and with 
aggregates, it is oblique up to 34°. The values a--l*512, ^-:1*514, and y=l*5l5 
have been reported. The optic axial angle is large; and the optical character 
negative. When okenite is heated, wafer is given off, and the mineral becomes 
opaque; it finally melts with frothing to an opaque enamel. Hydrochloric acid 
decomposes the mineral with the separation of gelatinous silica. J. Lemberg 
studied the replacement of the calcium oxide in okenite by the action of a 10 per 
cent. Boln. of potassium or sodium hydroxide, and by a soln. of sodium silicate at 
100°. Between 9 and 10 per cent, of sodium oxide was introduced, and a little 
puta^ium oxide. Most oi the calcium was replaced by magnesium when the 
okenite was digested for 15 days at 100° with a soln. of magnesium chloride. 

There aiy a number*of other jU-(lefino<.l liyflVatod calcium silicatos which occur as 
minerals. 1 ho moan of tho number of nnalysevs indicated in brackets is given in Table XV. 

I hey contain alkalies. magne.sia. alurnitna, an<l iron oxides in quantities small enough to 
represent impurities. H. How reported the occurrence of tliin white plates of what he 
called in the trap-rock of Bay of Fundv, Nova Scotia. W. F. Foshag repre¬ 

sented it by the formula 4Ca0.7Si(),.r)H,0; and H. How, 2Ca0.3Si0,.2H,0. The 
sp. gp. is 2*46-2*46; W. F. Foshag gave 2*51 ; hardness 21-4; and indices of refraction, 
(i=r636, 3—1*648, and 7=1’549. With hydrochloric acid no gelatinous silica is formed. 
The inineral called cyamlite was found in the same locality. The amygdaloid nodules 
contained an inner bluish mass of cyanolito, a thin outer layer wliich H. How named 
cerinite,, and an intermediate layer of centrallassite. Cyanolite forms a bluish-white 
amorphous moM of sp. gr. 2'496, which J. D. Dana suggwted is a mixture of chalcedony 
*ud oeiitrkllassite. M. F. Heddle reported a compact, finegrained, reddish-white mineral 
which he found near Tobermory, Isle of Mull, and which ho called tobermoriie. Its sp. gr. 
18 2*423. M. P. Heddle represented its composition by 3(4CaO.HjO}.5SiO|.10H,O; 
and P. Qroth, by H,Ca4(Si0j}j.3H,0. O. vom Rath found white hexagonal crystals of 
a mmer^l which lie call^ clMlcomorphUf. in the lava of Nieder-Mendig. The axial ratio 
was a s c=*l: 1*90914; tlie sp. gr. 2*61-2*67 ; and tho hardness 6. When treated with 
hydrochloric ooid, it forms gelatinous silica. 

T. Andereon found concretions of a radiating lamellar structure near Portree, Isle of 
Skye, and he called the mineral gurolite —round; and X{$os, a stone—W. H. Miller 
called it gyrolHo. H. How also reported specimens from Port George, Nova Scotia ; 
F. W. Clarke, and W. T. Schaller, from New Almaden and Fort Point, California; £. Hussak, 
from Mogy Guassa, Brazil; F. Cornu .from Poonah, India; F. N. A. Fleischmann, from 
L^niel, Collinard, and Bollyhenry in County Antrim; etc. Other ol»ervationa were 
made by R. P. Oreg and W. G. Lettsom, M. F. Heddle, A. Lacroix, G. A. Kenngott, and 
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L. Saom^. AiMlysM were aleo m»«le by these observers. They «o summaraed by the 

“Ofresponding with dihydnttd etielum 
mtMtrbmMit, ta,Si,0,.ffl,0: or ealelum titrahyitonaUtrbUInte, Co,H,8i,o,,. 
F. Cornu gave the formula 4Cn0.6(H,K,NB),O.6SiO,; E. S. Dana, ealelum dlhydra- 
MmettiUi»te, H,Ca,(SiO.),.H.O; 'and’K. W. CiIao. H.(8iA)i“),"S7,. 

Daur obtained a silicate an^ogous to gyrolito by heating in an autoclave at 450, 
mixtures of water-gla^, potassimn or sodium aluminate. calcium carbonate, potassium 
bydro^bonatOr and silica. F. Cornu's experiments in tliis direction were not successful. 
Acco^ng to O. B. Bdggild, the crystals of the gyrolito belong to the trigonal system, 
and have the axi^l ratio 0:6 = 1: l'9*3bO. F. Cornu fomid the sp. gr. of samples from 
Bohemia to range from 2•343-2-308; from Greenland, from 2 388-2 422; and one 
from Brazil, 2'420. 0. B. BtSggild found the sp. gr. of samples from Greenland rangc<l 
from 2*383-2*446. The hardness is between 3 ami 4. The mmoral is colourless or white. 
It is optically uniaxial or feebly biaxial. The cleavage i« well marked. When heated, it 
fuses with swelling end forms a white glass. F. Cornu found the index of rofroedion of a 
number of samples, the ordinary ray to b% between 1-145 and 1-648. and E. Baur gave 
< = 1*623; so that the double refraction is tD-<---0 006. J. KOnigsherger and 
W. J. Miiller also measured the indices of refrai tion ; and they found that the mineral 
has a higher refractive index ami a feebler biivfring<‘m e after* it has l>een dehydrated. 
F. Coniu said gyrolite is readily soluble in dil. hydrochloric, rtitno, or sulphuric acid; oiwl 
that it gives a well-marked alkaline reaction when moistened with water. F. (-omu 
separated from gyrolite from Niakomat, Greenland, another mineral wliioh was callo<i 
reyerite. The composition is indicated in 'J’nblo XV. The cryqjal form, hardness, sohi- 
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K,0 

Ka,0 

CaO 

Centrallassitu (3) 

0 67 


29-I2 

Cyauolite (2) . 

i 0-57 

_ 

17-86 

Tol>ennorito (2) 

! 1*01 

0-62 

33-69 

Clialcomorphifv (1) . 



44*70 

Gyrolite (11). 

I 19 

0 62 

31-69 

Hoyerite(2) 

- 

i-:4 

31 17 

Afwilhte 


__ 

49 00 

[lillehrandite . 

0-06 

0 03 

67 76 

Creetmoreilo . 

_ 


42-71 

Riversidoite 


_ 

44-68 

Okenite . 

_ 

104 

26 14 

Xenothte 


— 

43 66 



AI.O3 

FeO 


SiO, 

H,0 

0-16 

1-49 


1 

67-48 

11 -47 

-- 

1*04 



73-33 

7-16 

0-47 

3 16 

1-46 1 

0-90 

46-56 

12-36 


4 00 

-- 1 

- 

25-4 
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013 

1-34 



32-19 

13 42 


416 

1 


64-07 

7-43 

0 02 

0-06 

- ■ 1 

— 

36-10 

16-82 

0 04 

0 23 


0-16 

32*69 

9 36 

— 


— 1 

— 

36-12 

14*98 


-- 

— 1 

- 

41-26 

8 11 

— 

0 67 

! 

1 

- 

60-92 

14 19 

0-74 


2'tl2 ! 

— 

47 91 

3*76 


hility. and Iwliaviour when heated reseiRhle those of gyrolite. the sp, gr. was found by 
F. Cornu to be 2 409-2'678, and by 0. B. Ihiggiltl, 2 578—values rather higher than those 
for gyrolite. F. (’ornu's value for the index of rcfrfti^jon is w 1 '664 : and O. B. Bbggild 
gave oi — 1 *5046, < --i 1 *6690—which arc rather higher tlian for gyrolite. Beyoritc is uniaxial, 
and optically positive. A. Pelikaii •" referred to a mineral occurring at Gross-Priesaen, 
Bohemia, etc., which he called ztvpkyUtte. It furnishes white or colourless crystals with tlie 
composition SiO,, 37*67 per cent. ; CaO. 46 82 ; H,0. 7 62 ; and F. 7-99. The crystals 
are rhombohedral with the basal cleavage perfect F. Cornu studied the corrosiim figures. 
A. Himmolbauer give w--=r665 for the refractive index; and F, Cornu, r646. The 
optic axial angle is 2<=27J''. The sp. gr. is 2 764, and the hardness 3. A. 8. Eakle 
described a mineral from Creetmore, Cahfoniia, which ho called fonhayite —after 
W. F. Foshag. Its composition corresponds with calcium dlbydrotriortbotlUeaU* 
HaCSjfSiOi),; its sp. gr. is 2 36; its indii-es of refraction a«^s=l'694, and y--l**698; and 
it is optically positive. 

P. Eskola 1* found the barium mesodiiUicate, Ba0.2Si02, or BaSi.206, is formed 
within the zone indicated in Fig. 69. The crystals were repotted hy N. L, Bowen 
to occur in baryta crown glass. The glass, Ba0-28i02, kept at 1386°, gave rhombic 
c^stals of tabular habit parallel to aj3. The cleavages are well marked in all the 
pinacoidal directions. The optic axial angle 2F=74° 45'; the sp. gr. was 3'73; 
the m.p. 1420°±4°; and the indices of refraction for the D-line are a=l’597, 
^=1'612, and y=l'621. The small differences in the properties of the meeodisilicate 
prepared from its constituents from that formed in baryta-crown-glass are possibly 
due to the latter holding a little alkali disilicate in solid soln. There was 
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no evidence of barium mesodiBilicate holding alkali silicate in solid soln.; but 
it forms a well-defined series Of solid soln., with the barium mesotrisilicate, 
BaaSisOg, which was formed in granular rounded masses. The rhombic crystals 
are perfectly isomorphous with those of the mesodisilicate with which it forma a 
complete series of solid soln. It is unusual to find two compounds of the same 
element, so different in constitution, furnishing so complete and perfect an isomor¬ 
phous series. The twinning is well marked. The cleavage is perfect along j3y, and 
poor along ajS, and ay. The optic axial angle 2 V —53° 30' to 58°. The sp. gr. is 
3'9.'l; the m.p. 1450°; the indices of refraction for the D-line are a=l’620,j3—-l'625, 
and y—1'645. The optical character is positive. P. Eskola found no evidence of 
the corresponding strontium compounds. G. A. Rankin and co-workers prepared 
calcium orthodisilicate, Ca 3 Si 207 , in colourless crystals belonging to the rhombic 
system- viie. Figs. 71, and 60. The crystals are best obtained by holding the 
glass with 54’5-55’5 per cent, of lime at a temp, slightly lower than 1475°. 
G. V. Wilson obtained these crystals in the actions of glass on limestone. Calcium 
orthodisilicate exhibits an'incongruont m.p. at 1475° ±5°. The refractive indices 
are 1'641, and y=l'650±0’(K)2 for Na-light. 'The birefringence is weak, 
y-a being about 0 01 ; the optic axial angle is large, and the optical character 
po.sitive. * 

According to E. Martin ,20 when the silicic acid, 5 Si 0 .,. 21 I. 20 , derived from silicic 
acetate is treated with limti-water, tetrahydrated cakiuni, lelreropentasiliMle, 
OagSigOig.lHjO, is formed ; and if tlie cilicic acid, SSiOj.HjO, derived from calcium 
silicate is similarly treated, trihydraled mkium letriropentasiticate, Ca.jSijOij.SHjO, 
is formed. When this silicate is ignited, calcium tetreropentasilicatc, CajSisOio, 
is produced. For E. Martin’s pentasilicates lOCaO.OSitL, i.e. ( 0028104)5 ; 
( 0028104 ) 5.21120 ; and 13CaO.58102, vide cements. 

H. le Ohatelier -* melted a molar mixture of one of silica, two of calcium oxide, 
and four of calcium chloride at a dark red heat, and extracted tlic excess of calcium 
chloride by dried alcoliol. Analyses correspond witli calcium cblororthosilicate, 
0 a.,SiO 4 .Ca€l.i. A. Gorgeu obtained tlie same substance by fusing a mixture of 
silica and calcium chloridi- in the presence of water vap. E. Jordis and 
B. H. Kauter studied tlie reaction between calcium chloride lime-water and 
silica. The microscopic crystals of calcium cblororthosilicate belong to the rhombic 
system ; they have the axial ratios a:h: c-.0'72(): 10'287. They exhibit a strong 
double refraction ; tlie cli'avage is well defined ; and tlio optic axial angle is 25°. 
The sp. gr. is 2'77 ; tl-e iii.p. near 800°; ana the mol. lit. of soln. in hydrochloric 
acid is 36 cals. The salt is dceonyiosed by a soln. of carbon dioxide, and dissolved 
by dil. acids. It is also decomposed superficially by water : 0 a 2 SiO 4 .CaCl 2 -l-H 2 O 
•-- 3 Ca 0 .Si 02 -l' 2 HCI, followed by the hydration of 3 Ca 0 .Si 02 as indicated above. 
A. Gorgeu obtained crystals of calcium chloiometasilicate, CaSiOs.CaCla, along 
with those of the chlorortliosilicatc by the reaction just indicated. It forms 
regular hexagonal plates; the two optic axes approach very closely to one another. 
The chemical characters of the chlorometasilicatc are like those of the chlorortho- 
silicato, but the former is insoluble in a 5 per cent. soln. of acetic acid 

According to B. Karandeeff, the eutectic point in mixtures of calcium meta¬ 
silicate and calcium chloride lies close to the m.p. of calcium chloride, and 8 ° below 
it. Solid soln. may be formed up to 10 mols. per cent. CaCT 2 . There is no evidence 
of the formation of additive compounds. A. Woloskoff found that the system 
BsSi 03 -Bt.Cl 2 forms a eutectic with the m.p. 902° when the m.p. of barium 
chloride is 968°. The eutectic has 8 molar per cent, of barium metasilicate. In 
the system BaSiOs-BaS, there is a eutectic with 25 molar per cent, of barium 
sulphide at 1325°. Barium sulphide alone does not melt, and with the mixture 
BaSiOj-FeS, there is a liquation of ferrous sulphide, until 10 molar per cent, of 
ferrous sulphide remains in the barium metasiheate. 

The adeium phosphatosilicales have been treated in connection with calcium 
phosphate. F. E. Wright obtained a mineral from Velardena, Mexico, which 
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was named spurrie niter J, E. Spurr; the analyses correspond with caldom 
carbonatodiorthosilicate. 2 Cs 2 Si 04 .('aC' 0 s. F. W. Clarke represents it constitn- 
tionally: 

C0i,<|;*^Si0,<[!®:-!5i04^=('a 

The sp. gr. m 3 0U at 25“; the hardness 7 ; the refractive indices a=l‘640, 
j9—1‘674, y— r679 Vith sodium liglit; the double refraction y-a -O OSO, and 
^-a=003‘l:. It is decoEflposed by iiydrochloric acid with the separation of 
gelatinous silica. For the synthesis of sjmrrite, rule infra, W. Rite! on tlie action 
of calcite on nephelite. 

The analyses by A. E. NordeiiskjOhl, aiuKJ. LiiKlstrom, ot alibrousclialk-white tnineml 
found in the Bjolke mine near Aar»»skuta, Swetlen, coii'espoiid with tetrndecuhydrated 
calcium sulp}tatorarbon(Uoi/ifia.stluaie, CaSiOj t'aS()4.t'a<.'(>3.i3-ir)If,(); uialitMus named 
tluiutnasite —from davndCw, to be Burprisod- in allusion to its rtunorkable eouipositiou. 
It lia.s also been found in Xew Jersey, and in Utah Analyses were also roporUnl by 
0. Widmon, F Pisiini, Jt. P. 1). (Jraliam, S. L. ronfield and J- H. Pratt, H. Jiiu'kstrOm, 
and P. K. itutler and \\’. T. Schaller. The luiiu'ral is eitlier hexagonal or tetragonal. 
The sp. gr. is betwmi 1 ‘870 and I *877, and the liardness I ri-JPG. Tlie soft mineral lumlens 
on expoBUi-o to air. Zambonini found that 13 rnols of water lost at 112 '; another 
mol at I5S' -ItiO'; anil (lie iu.st mol is driven oil at 200’. S. L.*Peiitiold found that at 

112 * 205 * 


Hours* heating ... 17 71 478 5 280 KHK) 

Percentage loss of water ll'.'il* KP41 14 1M5 IP22 19‘lS 21'5i') 

II. E. Morwm emphasized how 14 of the l.'j mols of waU'r are expelled more n'adily than the 
rt'inaiaing mo! Them is a distini-t prismatic c|i>avage. The indices of refraction deter¬ 
mined by E. Itertrand, A. .Miohcl-Li‘vy and Lacroix, H. IhickstnUn, etc., range from 
H. S. Ilutler and V\’. T. Scliallcr’s 6o--l'r>00, e -1‘401, to *S. L. J’cnfield and J. H. Pratt's 
<t)= 1'510, €5^-1'470 'I’lio double infraction is liigli 'I'lie mineral is optically uniaxial 
and negative (J. landfitn’»m said that the material anal.\z(Hl was homogeneous under 
the microscope ; tins was confirmed by JO Cohen. E. Pertrimd saiil he identilied ealcite, 
gypsum, and a third nimeral, probably aollastomte, m thiiuinasite, hence he regards it 
08 H iiuxture. A E. Xonlenskjold said that E. Pertrand's sample was very impure. 
C. F, Kaminelsberg rcprchontiHl thaiiinasile as a double salt, (CaCOj.UaSiOj)-f-CaSOi 
-{■ iSlIjO. P (Iroth reprow'iited the composition grajdncally : 


HO.CaOv. ., O.C().().Ca()H 
O.SO«_.O.t‘aOH 




K F. Jioldon'h measurement of the r«'fracti\ify fits tlie assumption that it contains two 
hydroxyl groups. A hydrogel form is ^nown, and C. Dociter and F. Cornu consider that 
thaumasito is an adsorption product in which ® 

a hydrogel like plombi6rito, (;aSi(),.nHj<l, has 
adsorbed calcium carbonate and sulphate. 

Complex alkaline earth silicates.- 
A. Haacko,23 and R. Schwarz studied the 
binary system Li 4 Si 04 -Ca 2 Si 04 , and the 
f.p. curves are shown in Fig. 7.5. It 
appears as if two lithium calciom ortho* 
sUicates were formed, 2 Li 4 Si 04 . 3 Ca 2 Si 04 , 
and 3 Li 4 Si 04 . 2 Ca 2 Si 04 , with the respective 
m.p. 1104° and 1092°. He added that it is 
probable that the compound Li 4 Ca 2 (Si 04 ) 2 , 
orLi 2 CaSi 04 , is formed, but decomposed at 
the higher temp, into the 2:3 and 3 : 2 
silicates. This assumption agrees with the 
breaks in the cooling curves, with the 
microscopic appearance of sections of 
the cooled products, and with the sp. gr. which are : 

CatSiO. . . 0 10 20 30 40 

Sp. gr. • . . 2-280 2-400 2-423 2-424 2-691 



Fia. 76.—Binary System: 

Li 48 i 04 -Ca, 8 i 0 «. 
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R. C, Wallace studied the thermal diagram of mixtures of calcium and 
lithium metaeilicates; and the 'results are summarized in Fig. 75. There is 
a gap in the miscibility roughly from 27-83 per cent, calcium metasilicate; and 
with from 40-80 per cent, calcium metasilicate there is a eutectic crystallization 
effect at 979°. The eutectic contains 50 per cent, calcium metasilicate. The 
sp. gr., mol. vol., and the f.p. represented by the temp, at which crystallization 
begins, are, for different percentages by weight of calcium metasilicate: 


CaSiO, 

0 

10 

30 

50 

60 

70 


90 

100 

Sp, gr, , 

. 2-(il 

2-64 

2-72 

2-80 

2-80 

2-84 

2-85 

2-88 

2-91 

Mol. vol. 

. 34-64 

34-87 

35-62 

36-36 

37-30 

37-74 

38-62 

39-30 

40 00 

Rp. . 

. 1168“ 

1147“ 

1083® 

979® 

1056® 

1214® 

1262® 

1316® 

1602“ 


C. J. Peddle studied the glasses with Si02-Ca0-Na20 ; with Si02-Ca0-K20 ; 
with SiOa-CaO-KaO-NajO ; and with 8i02-Ra0-K20 or Na20. R. C. Wallace’s 
f.p. diagram for mixtures of sodium and calcium metasilicates. Fig. 76, has a 



Klo. 70.—Pmizing-jwint (!ucv 08 of Binary Mixtures of Calcium 
Metasilicate with Lithium and Sodium Metasiheatea. 


maximum at 1175° corresponding with sodium tricalcium pentametasilicate, 
2 Na 2 Si 03 . 3 CaSi 03 . N. V. Kultascheff gave 1160“ for the m.p. The f.p. are : 

CaSiO, . . 0 20 30 00 08'8 05 75 85 100 

F.p. . . . 1018“ 032” 1021“ 1143” 1176” 1105” 1140“ 1449“ 1502“ 

N. V. Kultascheff also investigated the f.]). curves of sodium and potassium meta- 
silicates, and he isolated the compouml 2 Na 2 Si 03 . 3 CaSi 03 in monoclinic twin 
crystals. He obtained^ mixed crystals of solium dicalcium pentametasilicate, 
3 Na 2 Si 03 . 2 CaSi 03 , with another silicate. The latter was removed by boiling with 
water. ' 

F. von Kobell found a fibrous mineral at Mount Baldo in Tyrol and named it 
pectolite— vT/KTos. composed of pieces firmly joined together, AiSot, a stone—in 
reference to its structure. A. Breithaupt called a similar mineral phofohle— 
light, in reference to its phosphorescent qualities; and another mineral from 
Wolfstein, Bavaria, he called osmelile —<i<rp,J, smell—in reference to its odour when 
breathed upon. J. Adam showed that osmclite and pectolite are the same minerals, 
although E. Ricgel maintained that they are different. F. von Kobell, however, said 
that E. Riegel must have had some other mineral in hand. T. Thomson described 
a mineral sleUite which occurs in radiant aggregates at Kilsyth, Stirlingshire, and 
R. P. Greg and W. 0. Lettsom considered it to be natrolite, but J. D. Dana showed 
that the stillite from Bergen Hill, New Jersey, is pectolite. T. Thomson’s soda 
UMe-s^r is probably pectolite. The walkerite of M. F. Hcddle, from Costorphine 
Hills, is probably pectolite. The ralhoUte of R. P. Greg and W. G. Lettsom 
from Ratho Quarry and Castle Rock, near Edinburgh, is probably pectolite, 
J. F. Williams reported a manganopedaiite from Arkansas with 4 per cent. MnO. 

The ocourrence of the mineral in Tyrol has been discussed by G. A. Kenngott, L. Liebener 
and J. Vorhai^r, J. R. Blum, \', von Zepharovioh, A. Cathrein, J. Lemberg, and F. von 
Kobell; in Silesia, by M. Websky, B. Schubert, and A. von Lasaulx; in Scotland, by 
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M. F. Heddle, R. Juneaoo, A. J. SooU, T. ThomMn, etc.; in Sweden, by J. L. IgeUtrOm ; 
in Csna^ by O. C. Hoffmann; in Greenland, by 0. B. Bbggild, and A. H. CheeUr; in 
the United States, by V. M. Goldschmidt, J. U. Dana, A. dee Cloizeaux, J, F. WilUams, 

E. P. Smith and E. B. Knorr, F. \V. Clarke, J. D. Whitney, A Leeds, etc. Analyses have 
been made by F. von Kobeil, J. Lemberg, A Breithaupt, M. F, Heddle, K. S. Houghton, 
J. Young, A. L. Parsons, J. L. IgelstrOm, J, D. Wliitney, F. W. Clarke arid G. Steiger, 

F. VV. Clarke, A S. Eakle, E. F. Smith arvd E. B. Knorr, L. C. Bock, A. B, Meyer, 
0. B. BOggild, E. Reuning, J. F. Williams, etc. According to J. J. Berzelius, some 
specimens contein fluorine. 

The older analyses were found by C. F. Raminelsberg to give a ratio Na: t'a 
=1:1'9 to 1:2’4 ; and Na^O : Si 02 =l; 3 to 1: 5 7. More recent anaij’sea by 

G. Tschormak gave Na : Ca : Si=l ; 1!): 31, and by F. W. Clarke, 1:21:31. 
This is in agreement with the formula NatiajHSiaO,- sodium calcium liydro- 
trimetasilici^. G. A. Keungott, and P. Groth assumed that the contained water 
is constitutional. C. Doelter found a sample lost 4'09 per cent, of water when 
strongly heated; while the fresh powder for 14 days over sulphuric acid lost 
0'405 per cent.; at 100’, 0 09 per cent.; at 200°, 0 128 per cent.; and at 300°, 
0'959 per cent. F. A. Bollcy, and A. von Schulten obtained substances resembling 
pectolite in composition by adding lime-water to a soln. of sodium silicate. J. N. von 
Fuchs, and C. G. C. Bischof treated calcium carbonate alth sodium silicate and 
obtained a pectolitic substance. J. Lemberg obtained similar results by the action 
of octohydrated sodium mctasilicate on datolite, or wollastonite, or gypsum, or 
calcium carbonate for 78-100 hrs. at ]9U°-200°. J. Lemberg also obtained an 
analogous product by the action of a soln. of calcium chloride on sodium silicate. 
C. Docker also obtained a pectolite product by heating a mixture of silica, sodium 
carbonate, and lime in the projiortions reejuired for Na^CaBizGs- C, Doelter’s 
product does not appear on the thermal diagram. Fig. 70. E. Baur succeeded in 
the synthesis of substances with the optical ])roperties of pectolite in ncedle-like 
crystals, by heating to 400°-450“, mixtures of silica, alumina, soda, lime, and 
water. He also obtained poUiah-pi'ctoliU' by substituting potash for soda. 
J. liCmberg converteil okenite (g.e.) into pectolite by the action of sodium silicate. 

H. Rosenbuch and E. Wulfing, ,1. Lemberg, K. Cornu, ami E. Baur have discussed 
the formation of pectolite in nature. 

Observations on the crystals of pectolite were made by A. Arzruri, R. P. Greg and 
W. 0. Lettsom, A. des Cloizeaux, P. Groth, C. F. Rafnmelsbcrg, A. L. 1‘araonB, 
G. A. Kenngott, J. F. Williams, A. .Michel-Levy and A. Lacroix, M. F. Heddle, 
etc. J. D. Dana showed that pcctdlitc is a monoclinic mineral with axial ratios 
a:b: c=11141:1:0’9864 and j3=84° 10 '. A.,Breithaupt gave 2’799-2'833 for 
the sp. gr.; M. F. Heddle gave 2'712-2'&1; V. M. Goldschmidt, 2 880; 
J. F. Williams, 2‘845 ; F. W. Clarke, 2 873; and A. B. Meyer, 2'86-2’86. The 
hardness is about 5. A. Michel-Ldvy and A. Lacroix gave 1'61 for the mean 
refractive index; 0 038 for the dispersion; and 15° for the optic axial angle. 
W. W. Coblentz observed no bands near to those of water in the ultra-rod trans¬ 
mission spectrum of pectolite; the reflection spectrum has maxima at 9’4^, 10'3^, 
and lO’S/t. The mineral is triboluminescent and it phosphoresces when exposed to 
radium. F. W. Clarke found that water in contact with pectolite acquires an 
alkaline reaction. G. Steiger found that after a month's contact with the mineral 
from Bergen Hill, water contained 0 57 per cent, of Na 20 . Uncalcined powdered 
pectolite was found by F. W. Clarke and G. Steiger to give to water 2-98 per cent, 
of silica, O'SO per cent, of CaO, and 0’81 per cent, of NauO, after 14 his.’ boiling; 
whereas with calcined powdered pectolite, after 4 hours’ action, 3'03 per cent, silica, 
0-10 per cent. CaO, and 1'50 per cent. NajO were dissolved. Hence they concluded 
that the action of water is not one of simple dissolution. F. W. Clarke and 
G. Steiger found that in contact with ammonium chloride, pectolite gives a product 
R'jCazSijOj.SHjO, where E' is approximately two-thir^ NH 4 , and one-third 
sodium. This makes it appear as if an ammonia-peciotile was formed. They also 
found that a solo, of 250 grms. of sodium carbonate in a litre of water extracts 
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8'68 pet cent, of eilica, or one-sixth the total amount from pectolite dehydrated 
by calcination. This is taken to’indicate that the mineral is an acid metasilicate, 
HNaCajSijOj. Before ignition, sodium carbonate soln., or even distilled water, 
has a slow decomposing action, both silica and bases being withdrawn. J. Roth 
discussed the transformation of pectolite into talc; and J. Lemberg effected the 
transformation of wollastonite into a substance resembling spodoife, HjMg^SijOji, 
by the prolonged action of soln. of magnesium chloride or sulphate. G. Steiger 
heated a mixture of powdered pectolite and silver nitrate in a scaled tube for 
22 hrs. at 240°-280'', and obtained a kind of sUver-pectolik. 

In 1784, C. Rinman described the occurrence of a zeolite at Hallosta, Sweden, 
and C. C. von Leonhard referred to it as the zeoli^hus kmdlaris of J. Miillcr. 
M. P. R. d’Andrada designated a specimen from Utb, Sweden, as ichlhyophhalmite— 
from fish; u^tOuKinh, eye -in reference to the mother-of-pearl lustre. 

A. G. Werner called it Fischuuujenskm. In 181)1, R. J. Haiiy referred to a sample 
from Iceland as mesohjpe epoinik. J. N. von Fuchs and C. Gehlen showed the 
identity of the mineral with apopliyllile. In 1805, R. ,1. Hatty called it apophyllite 
—ciwu, away from ; <t>i'kkuv, a leaf - in allusion to its tciideney to exfoliate before 
the blowpipe flame. A. G. Werner investigated samples from Orawieza, Aussig, 
and the P'aroe Islands, and he called the mineral alUn—allms, white. D. Brewster 
called a white specimen from the Fariie Islands iessehte, because it had a tesselated 
structure in polarized light. D. Brewster called a pale green specimen found in 
petrified wood at the Oxliavcr Springs/ Ilusavisk, Iceland, oxhaverite. It was also 
investigated by E. Turner, and A. dcs Cloizcaiix. G. S. von Waltershausen called 
an olive-green sample from Sicily, xylochhre -from fcAor, wood; green. 

Both minerals wore shown by G. A. Keiiiigott to be upo|)hyllite 8 . Specimens from 
Skye, Andreasberg, etc., showing alternate white and violet-black rings in polarized 
light were called by J. F. W. llcracliel kmocyi-lile -XeiiKci'!, white ; kiJsXos, circle— 
wAchimmydxle -xpH'/m, colour—by W. Klein. The mineral loiiisile, GaSi 3 O 7 . 2 H.jO, 
reported by D. Honeymann, was named after H. Louis. It was shown'by 
T. L. Walker and A. L. I’arsons to be a mixture of radiating ejuartz and clcavahle 
apophyllite. 

The apopliyllito in various German provinces tins tioen described by K. Jtnsz, (J. Cesapo, 
A. des Clorzeanx, t'. Ooelter, A. Kivuzol, d. t'roinnie, G. Greim, C. W. von Giinibe!, 
J. F. L. Hansinann, G. A. Konngott, A. Knop, A. Koch, .\. von Lasnnlx, J. K. Hibech, 

G. Loonhani, G. I.uodockc, G. F. I'etois, 11. Polihg, G. F. Hainmelsberg, F. A. Koemer, 
J. Kumpf, F. Sandberw'.r. .T. Seliill, .\. SchraiF, H. Stolting, A. Strong, H. Traube, 
M. Webaky, K. Weinsebonk, A. Woisbacb, A. von Zopbarovicli, G. Zimmerrnann, etc. 
In the Tyrols, by K. Itaacbiori, G. G.. G Itisebnf. ,1. H. Itbini, A. des Gloizenux, .1. D. Dana, 

H. Dauber, G. Doolter and K. Mattei-sdorf, G. Uelilen, G. A. Kenngott, ,T. Lemberg, 
L. Liebener and J. Vorbauser, 0. I.ucdocko, A. Fielder, F. von Riehthofoii, J. Ruinpf, 
A. Sebrauf, G. Tschonnok, etc. Tn Suitzerbuid, by F. (troth, and G. A. Kenngott. Jn 
Russia, by F. P. I’ibpenko. In Italy, by E. Artiiii, L. Goloinba, G. Leonhard, E. Manaase, 
L. MesebinoUi and A. llaleslra, .1. Runipf, L. Sipocz, 8. J. Tbugutt, D. F. Wiser, etc. In 
FTance, by A. Daubrde, A. Dufnbioy, F. Gonnard, etc. In Great Britain, by R. P. Greg 
and W. G. Lettsom. In Norway and Sweden, by j. J. Berzolhis, W. G. BrOgger, G. Gmolin, 
G. Hallberg, A. Honnig, L. .1. IgelstrOm, G. Leonhard, C. C. von Leonhard. G. F. Uammels. 
berg, C. Rinman, G. Soligmann, P. G. Weibye, etc. In the Faroe Islands, by J. J. BerzeUus, 
D. Browliter, G. Leonhard, J. Rnmpf, etc. In Iceland, by D. Brewster, P. Groth, 
G. A. Kenngott, G. Leoubaid, E. Tumor, G. S. von Walterabauson, etc. In Greenland, 
by 0. Gmebu, G. Leouhaid, J. Rnmpf, A. Sebrauf, F. Stroineyer, etc. In Finland, by 
W. Beck. In Canada, by G. C. Hoflmann, and A. L. Parsons. In the United States, by 
IL Cretlner, W. Cross and W. F. Hillebrand, J. 1). Dana, J. Eyermon, F. A. Genth, 

C. Hersob, G. Klein, E. B. Kneer and J, SchOnfotd, J. Rurapf, B, Sadtler, A. Sebrauf, 

J. L. Smith, F, Tamnau, ete. In Mexico, by C. Klein, C. F. do Landero, S, J. Thu- 
gutt, etc. In Brazil, by P. A. von Sachsen-ltoburg. Jn Africa, by L. Gentil (Algiere), 
and J. A. L. Honderaoii (S. Africa). In India, by J. R. Bbun, P. Groth, S. Haughton, 

F. R. Mallet, J. Rumpf, ete. In Siberia, by G. I.eonhard. In Japan, by K. Jimbo, and 
T. Woda. Analyses ere also reported by moat of these observers. 

A. B. de Fourcroy and L. N. Vauquelin, and V. Rose made the earliest analyses 
of apophyllite. J. J. Berzelius reported the presence of fluorine. 0. Friedel 
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reported ammonia, but no iiuoriue, in samples from Uto, and Audreasbcrg. He, 
however, did find fluorine in some samples. Observations on the fluorine in 
apophyllite were made by A. E. NordenskjbldjC. F. Rammelsberg, and S. J. Thugutt. 
The last-named showed that the water-content of the powdered mineral is smaller 
than when in lumps—presumably water is lost in the process of comminution. 
C. F. Rammelsberg found that water is not lost over sulphuric acid, or at 100"; 
but at 200", the evolitfioa of water begins, and about 4 per cent, was lost at 260". 
('. Docker found that about^5 per cent, of the water is lost at 240'\ and 55 per cent, 
at 260''. C. Hersch found apophyllite from Bergen Hill lost 

100* too* 200* 240* 276* 800* Rod heat. 

Losa . . . O il 0;38 0 77 2 03 0 08 9 01 10 til per cent. 

li. Colomba found with another specimon 


100* ISO* 200* 250* 270* 2d5* 325* 360* 400* 

Lows . . 017 0 51 0 80 0-51 8 40 O'SO ll tH) 13 35 16'86 per font. 


The dehydration ctirve .sliow.s two well-defined breaks • bne at about 2(X)‘’ and one 
at 285". Observations were also made by A. llcnnig, by F. Zjimbonini, and by 
C. Doelter. A certain [)r<)portion of the wat»*r loss by deh^'dration is reabsorbed 
from a moist atm. Tins is therefore regarthnl as water of crystallization, 
(i. Stoklossa inferred that the 2 mols of wattjr m a})ophyllite are chemically com¬ 
bined, and the dchydrat<*d mineral does not reabsorb the water as do the zeolites. 

Tlie cfunposilion of idealized aj)ophyllltf* was r(‘})r(*seiitcd hy F. Rauimels- 
linrg by the formula If 7 K('a 4 Siji 024 .tJlL 0 , i.e. as 1*. Oroth puts it, H 7 KCa 4 {SiOa) 8 . 

F. Rammelsberg also used R 2 f''a(Bi 03 )»Aq., and Docker r(‘gArded 
apophyllite as hydrated pot^ium calcium hydrodimetasilicate, il 2 (f-'i-K 2 )Si 20 o 
|-Aq., or i \ Aq., or Ca(ll,K) 2 (Si 03 ) 2 .H 20 . E. Baschieri 


gav<‘: 




SiO.O 

.SiO.O 


>H 1 211,0 


where R d(‘tH)tes (’a.K^, and possibly Nao and {CaOH).^. (i. Tschennak 

used 'l(l'lQr.i.»Si;{On)H 3 K 28 i;{Oii; and F. W. ('larke regarded apophyllite, 
gyroliti^ ami okenitc as salts of tin? acid, HfiSi^Or, and a])ophynite becomes 
H 4 ( 81207 );(’a(Sio 07 )lLCaOH \.>, where some of the univalent (’aOH-group may be 
replaced by potus.sium. J. Dalton obtained a preidpitate wliicli he seemed to 
regard a.s a douhhi silicate of calcium and potassium by ajjding lime-water to a 
soln. of alkali silicate. 

F. Wohler, and 0. Docker obtained crystals oftiPophyllite by heating to I50"-lfi0'’ 
the powdered mineral and water in a gun-barr<*l after treatment with carbon dioxide. 
If okenite be heated with potassium silicate and carbonated water to 2(Kj", new 
crystals of okenite and apophyllite are formed. Similarly, if okenite, sodium car¬ 
bonate, and aluminiimi chloride bo heated to 220", apophyllite is formed. A. Daubreo 
ob.servcd the formation of apophyllite in the masonry of the batlis at Fiombikes. 
A. (I Bocquerel covered a gypsum plate with a soln. of potassium silicate and, after 
the mixture had stood for some time, found that crystals of jiotassium calcium 
silicate were formed. The product was insoluble in water, and decomposed by 
hydrochloric acid. J. Lemberg obtained the double silicate by the action of calcium 
chloride on potassium silicate for 57 hrs. at 185"; also by digesting calcium car¬ 
bonate and an aij. soln. of potassium silicate for 20 day.s at lOfj". A. Duboin pielted 
calcium oxide with potassium fluoride and silica, and obtained mixtures of crystalline 
products containing fluorine, or chlorine, if potassium chloride be used in place of 
the fluoride. He obtained potassium pentacalciom tetraflaobexametasilioate, 
K 2 O. 5 CaO. 68 iO 2 . 4 KF. With baryta, the products were free from halogens. 
A. Streng studied the formation of apophyllite in nature by the action of carbonated 
waters on woUastonite: 2 CaSi 084 -C 02 -f- 2 H 20 =^CaC 084 *H 2 CaSi 20 fl.H 20 ; and 
8 . J. Thugutt gave 8 Ca 8 i 08 -f 8 H 20 + 4 C 02 +KF- 4 CaC 03 + 4 (Ca.Si 205 . 2 H 20 ).KF. 
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Apophyllite is colourless, white, pale yellow, red, or green. 6. Suckow said 
that the red apophyllite of Androasbcrg is coloured with cobalt fluoride. Measure¬ 
ments of the crystals have been made by J. F. L. Hausmann, J. Rumpf, H. Dauber, 
0. Luedecke, C. F. Rammelsberg, A. Streng, P. Groth, K. Busz, J. Schiil, 
H. Traube, G. Flink, B. Jezek, A. Schrauf, A. Pichler, A. des Cloizeaux, P. I. Ploner, 
B. Artini, J. Konigsbcrger, L. Meschinelli and E. Balestra, A. Dufrtooy, F. Klocke, 
W. (!. Briigger, G. Seligmann, F. Tamnau, L. Gentil, etc. According to W. H. Miller, 
the crystals belong to the tetragonal system, and have the axial ratio a; c 
--1 :1-2515. E. Mallard’s -view is that the mineral is' pseudo-tetragonal, but it is 
really a complex of lamellar twinned, monoclinic individuals. This was supported 
by H. Haga and F. M. Jager’s observations on the X-radiograms. J. Rumpf gave 
40° for the optic axial angle. The cleavage is well marked. 0. Miigge studied the 
percussion figures; F. Rinne, the corroKon figures; and J. Lehmann, the con¬ 
traction crazing, and the hissing of the mineral with water. 0. Luedecke gave 

1- 961 lor the sp. gr.; C. Rinman, 2 377 ; 0. B. Boggild, 2-379; G. d’Achiardi, 

2- 2 ; A. Russell, 2-31; J, Rumpf, 2-339 ; H. Credner, 2 37 ; and B. Sadtler, 2 5. 
Most of the material analyzed— vide supro—had also its sp. gr. determined. The 
best representative value is 2 3-2-4 ; the hardness is 4-5. The indices of refraction 
have been determined by A. des (loizeaiix, L. Gentil, K. Zimanyi, 0. Luedecke, 
etc. For Na-light, the values range from o)=l-5331-l-5379, and £=1-5356-1-5414 ; 
for Li-light, (0-1-5309-1-5240, and € =1-5332-1.540-1; for Tl-light, (o==l-5405; 
and £.-=1-5429; and lor Cs-light, co=l-5311, and £.=1 5335. The birefringence 
£-(o=0-002 is weak and positive. A. Ehringliaus gave for light of wave-length A, 
between 17-5° and 18° : 


A 

090-7 

023-9 

689-3 

613-2 

491-0 

435-7 

404-7 

w 

1-63108 

1-63294 

1-63437 

1-63870 

1-64032 

1-64669 

1-64969 

( 

1-53267 

1-63418 

1-63665 

1 63964 

1-64101 

1-64691 

1-64902 


The interference figures of the apophyllites arc peculiar. Instead of showing the 
sequence of colours of Newton’s rings characteristic of crystals in which the bire¬ 
fringence, does not alter with wave-length, D, Brewster noted that in white light 
some varieties of apophyllite give rings with a diflerent sequence— e.g. violet, 
greenish-yellow, and white circles alternating without any tint of red— vUe sttjtra, 
chronweydUes—ut, as reported by ,1. F. W. Ilerschel, the rings may bo black and 
white. These 8 am])le 3 were called hmocyclik (vide mpra). In some apophyllites, 
the birefringence is the same for red and yellow light, but other specimens may be 
positive, iaotroi)ic, o[ negative for dificrenjy coloured light. 0. Klein showed 
that the apo])hyllite rings may be imitated by a combination of uniaxial positive 
and negative crystals. This supilorts the hypothesis that apophyllite is an iso- 
morphous mixture of a po.sitive and negative substance. The Icucocyclite variety 
is positive; and C. Doelter showed that heating to 275“ changes the rings of ordinary 
apophyllite to those of the leucocyclite variety—it is assumed that leucocyclite is 
a less liydrated variety. Many apophyllites exhibit in ba.sal section a partition 
into sectors, some of which are biaxial and negative for blue and positive for red, 
with the axial planes crossed. Hence, argued If. A. Miers, apophyllite is an inter- 
growth of two or more silicates with different optical qualities. The subject has 
also been discussed by R. Brauns, 0. Skoetsch, A. Ehringhaus, A. Wenzel, H. Michel, 
E. Mallard, F. Pfaff, F. Klocke, B. Trolle, etc. W. W. Coblcntz found that the 
ultra-red transmission spectrum of apophyllite has water bands at l-5ja and 2ja ; 
and the mineral is almost opaque between 3/i and Sja. The reflection spectrum has 
the usual region common to silicates, and maxima at 9-15;t and 9-7^. According 
to W. G. Hankel, the pyroelectrical properties of apophyllite are shown by cooling 
a crystal, when the ends and vicinities of the principal axes are positively electrified; 
and the intermediate region, negatively electrified. 0. Weigel studied the electrical 
conductivity. 

Powder^ apophyllite was found by G. A. Kenngott, F. Cornu, and F. W. Clarke 
to have an alkaline reaction both before and after calcination. F. Wohler observed 
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that apophyllite disaolves in water at 180°-190“, and a press, of 10-12 atm. On 
cooling, the solute separates os crystalline apophyllite. Temp., said R. Bunsen, 
is the most important factor. C. G. C. Bischof found one part of apophylUtc 
dissolves in 28,^2 parts of water. C. Doelter found that after U days’ action at 
90°, distilled water dissolves only a trace of silica and lime ; and after 21 days at 
120°, 2'98 per cent, of matter was dissolved by the water, and of this, 64'2 per cent, 
was silica, and the remainder lime with an unweighable trace of potash. G. Spezia 
found that water at 25° and 1750 atm. press, dissolved no apophyllite (I’oonah) after 
6 months’action; some action occurred at l93°-211°andata press, of I t atm. in 13 
days; but not at 93°-107° and 500-1056 atm. press. J. Lemberg treated apophyllite 
with soln. of magnesium sulphate or chloride in sealed tubes for periods extending 
from 4J hrs. at 180° to 3 mens, at ordinary temp. The lime was partially replaced 
by magnesia; and if soln. of alkali aluminate be used, then lime is also replaced 
by alumina; and with soln. of sodium silicate apophyllite passes into pectolite. 
F. W. Clarke studied the action of soln. of ammonium chloride and found that 
lime and alkali are removed. Apophyllite dissolves in Scids with the separation 
of Socculent silica which E. Baschieri claimed to have the composition HjSijO#. 
F. Cornu found that hydrochloric, nitric, or sulphuric acid attacks the (111) and 
the (001) crystal faces strongly, but the (100) face was scarcely attacked. 

J. Samoiloff found that the alkali was extracted hy plants from apophyllite about 
as easily as from leucite and orthoclase, but not so easily as from phillipsite. 
Natural transformations of ajmphyllite have been studied by F. Cornu, J. Roth, 
A. Himmelbauer, G. Tschermak, W. ’T. Schallcr, A. Scheit, 11. Gorgey, J. R. Blum, 
11. Michel, M. Websky, A. Strong, J. Konigsberger, F. von Richthofen, E. 8. Dsns, 
C. F. I’eters, etc. 

J. Dalton obtained a precipitate which appeared to be a potauium barium 
silicate by mixing baryta-water with a soln. of the alkali silicate. J. M. Ordway 
made some observations on the subject, and A. Duboin melted baryta with potas¬ 
sium fluoride and silica, and obtained potassium dibarium trimetasUicate, 

K. 20.2Ba0..'i.Si02, of sp. gr. 3’78; and if this compound be fused with potassium 
chloride, the main product is potassium heptabartum octomotasUicate, 
K20.7Ba0.8Si02. .1. M. Ordway heated mixtures of barium and sodium sul¬ 
phates with .silica and carbon and obtained products which he regarded as sodium 
barium siUcntrs. The results of R. C. Wallace’s observations on lithium strontium 
silicat.es, lithium barium silicates, sodium strontium silicates, and sodium barium 
silicates are summarized in Figs. 77-^. Lithium and stsentiiim metasilicates 



XSrSiOa XSrSiOs XBaSiOj XBdSiOi 

Fioa. 77-80.—Freezing-point Curves of Binary Mixtures of Strontium and Barium 
Metasibcatee with Lithium and Sodium Metasilioatee. 


form mixed crystals with a lacuna between 22 and 92 ])er cent, of strontium silicate, 
and with lithium and barium metasilicates there is a lacuna with betwean 36 and 
92 per cent, of barium silicate. Sodium metasilicate forms a continuous series of 
mixed crystals with both barium and strontium metasilicates. 

According to A. de Schulten,^* when h'me-water is added to a cone. soln. of 
potassium silicate until a slight precipitate is formed, and the mixture is then 
heated in sealed tubes at 180°-200° for 24 hrs., the gelatinous mass which forms 
on cooling encloses a small quantity of some substance crystallized in prismatic 
needles. If the tube is heated for several days with occasional agitation, the 
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gelatinous matter gradually disappears, and tlie quantity of the crystals increases. 
By repeated levigation, the plates of silica can be removed, and the prismatic 
crystals are then obtained, mixed with only a small quantity of hexagonal plates: 
the quantity of hexagonal plates increases, and that of the needles diminishes if the 
lime-water is added in too small a quantity; if, however, too much lime-water is 
added, no crystals are formed at all. The prismatic crystals arc white, they have a 
nacreous lustre, molt before the blowpipe, and are decomposed by hydrochloric 



Fer cent.SrSWs , 

lild, HI. - Freezing-point 
('urvo of the iJinary 
SyHk'in : (.'nSiOj-SrS'O,. 


acid with separation of gelatinous silica which retains 
the form of the original crystals. Analyses correspond 
with the triple salt dihydrated sodium potassium 
calcium trimetasilicate, (K2,Na2,Ca)0.3Si0i{.2H20. The 
soda is derived from the alkalies in the glass. P. Eskola 
found that calcium and strontium metasilicates form a 
complete series of mixed crystals with a minimum in 
the curve, Fig. 81, at 1474“ ± 3“ and 56 per cent. SrSiOj. 
The mixed crystals are crystallographically like ^-(laSiOs. 

Mixtures of silica, baryta, and lime were fused into 
glasses by H. Benratli, G. Wagener, and 0. F. Plattner. 
According to P. lj(d)e,deff, calcium and barium mcla- 


situMles give an Lsomorphous series with a continuous f.p. curve, having a 
minimum at about 1000° with nearly 35 per cent, of barium metasilicate. A glass 
is obtained on cooling rapidly, while slowly cooled mixtures solidify to a homo¬ 



geneous series of monoclinic solid soln., 
which do not disintegrate or undergo further 
change. P. Eskola, however, obtained the 
curves shown in Fig. 82. This diagram 
shows that a compound barium dicalcium 
metasilicate, liaCuaSiaOj, is formed which 
has an iucongrinMit m.p. at 1320° ±4°, 
forming ^-ealeiuin iimtasilicate and liquid. 
The crystals of tin! compound are usually 
in the. form of elongated fibres; they are 
uniaxial and negative ; and probably hexa¬ 
gonal. The crystals have good cleavages 
in their prismatic zone. The. indices of 
refrdetion for the F-, T1, D-, and C-rays 
are respectively £--l'(i'J0, 1’685,1'681, and 
1'677; audm--.=l'678,l'672,1'668, and 1-664. 


.4n artificial blue pigment was used by the Egyptians from the time of the 
4th dynasty, and was also used at the time of the Roman Empire. M. P. Vitruvius 26 
said that the colour was made by heating a mixture of copper filings, soda, and sand. 
Observations on the colour were made by H. Davy, L. N. Vauquelin, J. P. .7. d’Arcet 
and co-workers, W. J. Russell, F. C. J. Spurrell, W. Burton, H. Ic Chatelier, etc. 
H. do Fontenay found the percentage composition of an Enyptian blue body to be 
70'26 per cent. SiO.^; 2-36, Al^Oa+FcsOs ; 8-35, CaO ; 16-44, CuO ; and 2-83, 


Na^O, with no trace of cobalt oxide. It can be made by heating a mixture of sand, 
70; copper oxide, 15 ; whiting, 25 ; and soda ash, 6, Below 1000°. F. Fouquii 
made a particular st udy of the colour, and considered it to be due to the formation 


of a oalci'im cupric metadisilicate, CaO.CnO.fSiO,, or CaCufS^Ojls. He prepared 
this quite free from alkali, and called it Vestorian blue. The calcium cupric silicate 
was obtained in azure-blue crystals. These results were confirmed by A. P. Laurie 
and co-workers. The crystals belong to the tetragonal system. The sp. gr. is 
3 04 (F. Fouqu^), 2-948 (A. P. Laurie). In convergent polarized light, said 
F. Fouque, the crystals exhibit the characteristics of uniaxial minerals. The 


crystals are optically negative. They are remarkably pleochroic, being of a pale 
rose colour with rays vibrating parallel to the axis, and intensely blue with rays 
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vibrating peri^ndiculur to that axis. The double refraction is 0 031. A. F. Laurie 
and co-workers found the refractive index of the-ordinary ray is a>--l‘6354, and 
that of tlu‘ extraordinary ray, « - 10053. so that tlie double refraction is in agn'e- 
tnent with F. Fouque’s value. H. le Chatelier, and G. Barth obtained a him? 
colour by heating a mixture of copper oxide or silicate, silica, and barium carbonate 
or silicate—with or without sodium carbonate. G. Barth also used strontium 
silicate in place of l;)ariuin silicate. There is nothing here to show that tin* 
products are chemical individuals, Ixirium cujirw silicate, or strontium cupric sihcaic. 
The double silicates were also obtained by jirecipitation. 


JtE^’KKKM'RS. 

* N. G. SefstroiT), Journ. Uch okon ('hrm., ifi. 145, lS3l ; \V. A. I/ainpadiun, ./o»rw. Mtud*, 
18. 171, 1805; E. 'liscliler, (KnUrr. Chvm. ZUj., 8. 145, 1005; E. .Martin, }fonU. fianil., (5). 
13. 177, 15)23; \V. Heldt, Journ j>rnkt ('Urn, (1). 94 132, 1HU5; A. IVtzliohlt, ifc , (1), 17. 
4W,183‘J; A. J. Howi. .Iwnr. fV^m. . 12. 1S5), .‘107, ISJ)0; il. (Jailolin. .!«/( ('Inin. 
Phyn., (1), 22. 100, 1707 ; (1), 27 320, 1708 ; 0. Bointiuanl. Joui4i Iron Slcrt Iimf., 67. n. 330. 
1005; (?. Oddo, J//t/Iccfirf. (5). 5. 3<il, 1806 ; E. .fiirdi.’*, U tmorj rA<H»..,43. 414, 1005 : 

J. A. Hfdvall, lb, 98. 67, 1016; P. Bcrtliier, Tritth' <bu ismui jMir li tme Khh, Paria, 1. 301. 

1834 ; Atm. Mini v, (1), 8. 183, 1822 ; \i. E. Pivot, {.>), 10. 505, lS.56 ; E Limdrm, f'omjif. lietul, 
96. 16);, 811. 1220, 1883 ; 98. 1053, 1881: ('. DindU-r. SUzbir. AktifI U n «. 120 330, lOll ; 
Tochrmik's Mitl , (2), 10. 8.3, 1H8H; W. S. Pa(l<-rs»m iind P F. Simimcra. /!«//. ln\l. Mm. Md., 
234,1924; A. E. Day. E. '1'. Alim. E. S. Sheplirrd. W V Wlntv. and V. lO Wriglii. i5 . (2j. 26, 
160,1007 ; A. L. Day anil E. S. Slii'plivnl, .D/i<r. Jonrn (4). 22. 2<;5,100)1; ,1. B. KrrgiiKim 

and II. E. Mrrwin, th., (1), 48. 81, J)>5, 1010; P. l*]»iUnIa, ih , (5), 4. 331, 1022 ; G. A. Itankm, 
xb., (4), 39. 1, 1015; E. S. Sh.'phml, G. A. Pankm. and F. F. Wngld, ,b, (4). 28. 20.3, 1000; 

K. S. Shepherd and G. A. Rankin, Journ. InJ Kny. ('hem , 3 211, 1011 ; it. <). Hofman, Trnu*. 
Amcr. hull. Mtn. Knj., 29. 682, 1800; S. G. Gordon, ,1/H<r. Min., 8. ilO, 1023; J. W. (’ohb, 
Joiirn. .S’or. (‘hem. hxJ . 29 111), 260, 335, 309, 1010 ; II. Philippi, Schmlz- und lA'}»unysv<^mu-hf 
in dir lifihe Kulk Kic\>huurr, Berlin. 1008 ; P. Pieke, Sjtrifh., 40. 503,1007 ; 0. JSehott, Knlketlt 
kaie und Kalinin mmiti in ilm r Ikzickniuj ztini Portland < ’< mr.nl, HenlellMjrg. 1006 ; It Akerraan, 
Stnhl Kiio'n.% 281.387, 1886; P. Gredt, ift., 9. 75);, 1880 , A. E IPTrera, JEwt./he Sic.Cinil., 
39. 34:J, 1021; J). Balarxff, Zcit. anorg. Vhim., 134. 117, 1024; 138. 345), 1024; P. Bary, Jkv. 
Uhu Colloides, 3. E 1026 ; P. Niggli, Fornch. Mm. KrijM. Pel., 8. 60, 15)23. 

* J. N. voii Fuehs. Ko-'-liirr'a Arch , 5. 385, ES26 ; \V. ll<‘ldt, Journ. prokl. Chini.f (I), 94. 

214. I8))6 ; ('. F. PuminelHlaTg. ib , (3), 35. 102. 1887 ; it lo (.3iaU-luT, .Inn. Minen, (8), 11. 315, 
1887 ; Hull. Six ('him., (2), 42. 82, 1884 ; Ikchirrhcn i ijiiiimcnlalcftnvr la I'otMUlutiondvA nwrlierM 
hijdrnuluixifii, Pari«, 188-1; New York, 1005 ; A. BeccpuTel. i6., 63. 5, 188)5; 79. 82, 1874 . 
E. .Itirdis, Zvil aiuxq. Vhtm., 35. 82, 1003; 415, I0))6; E. iordiH and E. il. KanOT, ib., 42 

418, 1001; 43. 48, .314. 1006; E. 'JWhler, (Eder. Cfum. Zb/., 8.145. 1005; G. G. (.'. BiH.-huf, 
Ijchrburh dtr ch-nixuchcn- und phystlcalmckcn (JeoUn/iP, Bunn. 1. 832, 1863 ; J. M. Ordway. Am/r. 
Journ. Scicnci, (2), 32. 337, 1861 ; J. v«mi Eshig, Liibig’s Ann., 105. 100, 1868; F. Kuhlniann. 
tb., 41. 220. 1842 ; F. von Kohell. Hekmigger's Journ . W. 207, 18.30 ; 1. J. Pelourxs Ann. ('him 
Phya.. (3), 33. 5, 1851; J. Weisbi’rg, BnU. Soc. ('him., (3)# 16. J))07, 1800; E. Eandriii, (Umipt 
Rend., 96. 150, 841, 1220, 1883 ; 98, 10.63, 1881; P. BiTthier, .inn. Minea, (1), 8. 483, 1822 : 
E. E. Pivot, tb., (6), 9 .605. 1866; Jj. B, G. do .Morvcaii, Ann. ('him. Pkiji., (1), 31. 24)5, 1700; 
A. L. llorrcra, Mem. Rev. Soc. Oienl. Antonio AlzaU, 39. 343, 1921 ; J. Gadolin, Scherer’i Journ., 
7 31 1801 

* H. lo ChaEdier, --InH. Minca, (8), 11. 345, 1887; Bull. Soc. ('him., (2), 42. 82. 1884 ; 

Hechr.rchca c-xjt^rtmenlalea aur la constitution das mortura hydruiUujiuia, Panu, 1884 ; New York. 
1906; ('ompl. Rend., 94. 867, 1882 ; A. Gorgon, tb , 99. 257, 1884; Ann (Jiim. Phya., (6), 4 
546, 1885; G. Oddo, Atli Accad. Lincst, (5), 5. 331, 361, 1890 ; K. Jonlis, Zcit. angeiv (Jhem., 16 
463, 485, 1903; Zmt. anorg. Chem., 43. 414, 1005; G. Stein, tb., 55. 150, 15/07; A. E. Day. 
E. T. AUon, E. S. Shepherd, \V. P. WhiU-, and F. E. Wright, TacJuniuik's MtU., (2), 26, 169,1907; 
A. L. Day and E. S. Shepherd, Amer. Journ. Science, (4), 22. 265, 1906; E. '1'. Allen, tb., (4). 
26. 551, 1908; G. A. Rankin and F. E. Wright, <6., (4), 39. 1, 1015; E. S. Shepherd and 
G. A. Rankin, Journ. Ind. Eng. ('hem., 8. 211, 1911 ; A. Meyer, Tonirtd Zig., 25. 1242, I5K)J ; 
N. G. Sefstrdiu, Journ. tedi. okon. Chem., 10. 145, 1831; G. Zulkowsky, Stahl Eiaen, 27. iO<52. 
1098, IlK)7 ; F. do I.«aiandc and M. Prud’horame, Bull. Soc. ( 'Aim., (2), 17.290, 1872; k. Rshlaml. 
her PorUand-Zement vom phyaikaliack-ehemtacMn Slandpunkle, Leipzig, 42, 1003; W. E«iwen 
stein, VAer Loaungen von Kalk und KieseUdurt In geschrw^ne.m Chtorkulzium, Berlin, 27, 
1900; E, Kittl, Ztil. anorg. (.(hem., PI. 335, 1912 ; 80. 79, 1913; It. Eorenz and W. Herz, ib.. 
135. 374, 1924; V. Pdachl, Tachenwik's Milt., (2), 443, 1007; L. E. Rivot, Ann. Mtnes, 

(5), 9. 606, 1866; J, H. L. Vogt, Die SUikalachmelddaungen mil beaonderer Rdckaichl ouf du 
Mineralhildung und die Schmchpunkt-Emiedrigung, Christiania, 1. 94, 1003; JE Uaneniaim, 
Ueber die Reduktion von Silicium aus Tiegdmalerinlien dutch gearhmolzenea kohlehaliiges Etae.n. 
Berlin, 21, 1909; D. A. Tsehemobajeflf and S. P. Wologdine, C'lmpt. Rend., 164. 1912 ; 



374 INORGANIC AND THEORETICAL CHEMISTRY 

H. Philippi, Schmth- und Lofiingamr^uche in der Reike KaUc-KieseUdure, Berlin, 1908; 
0. Botidouard, Joum. Iron Steel Inst., 67. ii, 339, 1905; R. Rieke, Spreck, 40. 693, 1907; 
W. Pukall, SilikatM, Z. 74,1914. 

* R. Kirwan, Trans. Irish Acad., 5. 243, 1794; L. N. Vauquolin, Ann. Chim. Phys., (1), 
89. 88, 1814; 0. Bourgeois, t6., (6), 29. 444,1883; G. Stein, Zeit. anoig. Chem., 55. 169,1907 ; 

E. Joi^ia, ib., 35. 82,1903 ; 0. Wagener, Dingkr'e Joum., 244. 404,1882; C. L. Bloxam, Jonm. 
Vhem. Soc., 14. 143,1801; A. Mitscherlich, Journ. praki. Chem., (1), 83. 485,1861; F. M. Jager 
and U, S. van Kloostcr, Proc. Acad. Amsterdam, 18. 896, 1916; C. ZuLkowsky, Die Erhdrlungsr 
theorie der kydraulmhen Bindemiliel, Berlin, 1901; H. le Chatelier;* Recherches experimeniaUa 
sur la constiluiton des mortiers kydrauliques, Paris, 1884 ; New York, 1905 ; Ann. Mines, (8), 
11. 346,1887; W. Pukall, SilikaCZeit., 2. 66,1914; F. Pisani, Compl. Rend., 83. 1056, 1876; 
Ii. Kerl, Anleituny zur berg- und hUttenmdnnischen Pr^ierkunst, Clausthal, 566,1866; P. Eskola, 
Amer. Joum. Science, (6), 4. 331,1922. 

® V. C. von I.«onhard, Ilandbuch der Oryktogonosie, Heidelberg, 661, 1821 ; R. J. Haiiy, 
Tableau cxmtparaiif des rrsultats de la cristallographie, Paris, 66, 1809; Traile de miniralogie, 
Paris, 2. 438, 1822; A. Stiitz, Neue Einr. Nat! Samml. 144, 1793; A. Estner, Versuch 
einer Mineralogte, Wien, 2. 906, 1797; M. H. Klaproth, Btiirdge zur ckemischen Kenniniss 
der Mineralkdriters, Berlin, 3. 289, 1802 ; D. L. G. Karsteii. Mineralogische Tabellen, Berlin, 71, 
1800; A. ii. Werner, handbuch der Mineralogie ((!. F. Ludwig’s edit.), Leipzig, 2. 212, 1804; 
C. F. Rammelsberg, Ilandbilch der Mineralchemie, I>eipzig, 450, 1860; Pogg. Ann., 77. 265, 
1849; N. von Kokecharolf, Malerialien zur Mineralogie Husslunds, St. Petersburg, 9. 29, 1881; 
Proc. Russ. Min. Soc., iZ. 163,1883 ; T. Wada, Mineralsof Japan, Tokyo, 126,1904; J. D. Dana, 
Mineralogy, New York, 372,1892 ; F. Stromeyer, Untersuchungen Uber die Mischung der Mineral 
korper, Gottingen, 1. 36(i, 1821; P. Groth, Die Mineralien-Sammlung der Universildt Slrassburg, 
Strassburg, 1878; i\ W. G. Fuchs, Der kdrnige Kalk von Auerbach an der Rergsirasse, Heidelberg, 
1800; P. P. Sustehinsky, Bull. Soc. Moscow, 36. 76, 1912; E. A. Schnoidcr, Bull. U.S. Oed. 
Sur., 207, 1902; L. Iluiideshagon, Chm. News, 85. 270, IW2 ; A. K. Gooniaraswainy, Journ. 
Ocol. S<K., 58. 690,1900; J. D. Whitney, Journ. Nat. ]l»st. Boston, 5. 486,1846; J. F. Williams, 
Rep. Arkansas Oeol. Sur., 2. 467, 1891; A. Lagorio, J)tc Andesite des Kankasm, Dorpat, 21, 
1878; 11. Rose, (Hlbert's Ann., 72. 70, 1822; (’. E. Wcidling, (Efrers Akad. Slockkolni, 1. 92, 
1844; P, A. von Bonsdorff, Sekweigger's Journ., 33. 368, 1821 ; R. Brandes, tb., 47. 246, 1826; 

F. A. Wulcliner, ib., 47. 246, 1826 ; L. Vamixem, Journ. Acad. Philadelphia, (1), 2. 182, 1821; 

H. Seybert, Amer. Journ. Science, (2), 4. 320, 1822 ; F. Heascnlicrg, Mineralogische Notizen, 9. 
38, 1870; A, d’Acliiardi, N’uovo Cimtnto, (2), 3. 297, 1870; G. Striiver. Mm. Acead. Lincei, 

I. 173, 1886; A. des Cloizeaux, Manuel dc minirnlogie.. Pans, 60, 1862 ; Ann. Mines, (5), 19. 
396, 1868; F. S. Beudant, ib., (2), 5. 306,1829; H. St. ('. Devillo, Compl. Rend., 52. 1304,1861; 
T. Monticolli and N. Covelli, Prodromo delta Minerologia Vesuviana, Napoli, 194, 1825; 
W. H. Miller, Introduction to Mineralogy, London, 288, 1852 ; K. von Sceba<‘h. O'es. IFiss. 
Gottingen, 72. 1867 ; A. Michel*L6vy and A. Lacroix, Ijcs minhour des roches, J*ariH, 270, 1888; 
A. Lacroix, Bull. Soc. Min., 12. 624, 1889 ; 21. 272, 1898; R. P. Greg and W. ii. Uttsora, 
Manuel of the Mineralogy of Great Britain and Ireland, London, 138,1858; J. H. L. Vogt, Bihang 
Akad. Stockholm, 9. 1, 1884; Ark. Mat. Nat., 13. 68, 1888; Studier over Slagger, Stockholm, 
1884 ; Zur. Kenntnis des Gcselze der Mineralbilduiu/ in Sckinclzmasse.n und die ncoimlkanischen 
Ergussgestetne, Kristiama, 68, 1892 ; L. C. Beck, Mineralogy of New York, Albany, 271, 1842 ; 

F. Sandberger, UebcrsicH der MinernUen Vnterfrfenken und Aschajfenburg.s, C'assel, 13, 1892; 
Geognost. Jalirfjth.,^. 1,1891; V. R. von Zepharwvich, Mineralogisches LexikonfUr das Kaiserthum 
(Esicrreich, Wein, 476,1869; 344,18'<3'; W. Ramp, Berg. Hidt. Zlg., 20. 267.1801 ; H. Traubc, 
Die Minerale Srhksicus, Breslau, 241, 1888; Neues Jahrb. Min., i, 230, 1891; R Platz, ib., 
340, 1867; A. Streng, ib., 393, 1876; E. Leisner, ib., 667, 1863; A. Seacchi, ib., 263, 1863; 

G. Giirich, ib., i, 113, 1800; G. A. Kenngott, ib., 9^, 1873; Uebcrsichle der Resultate mineralo- 
gischer Forschungen, Wien, 63, 1865; J. Loezka, Zeit. Krysl., 10. 89, 1885; A. von Reis, *6., 
19. 605,1891; P. Grosser, ib., 19. 605,1891; P. Hcberdcy, tb., 22, 1896; 0. Mugge, Unter¬ 
suchungen der Oesteine der Massai-Landes, Hamburg. 18, 1884; J. Lemberg, Zeit. ^ut. ged. 
(ks., 24. 261,1872; E. Schuhmacher, *6., 30. 494,1878; F. J. Wiik, IknFinska Mineralsamlingen 
i universitetals i Helsingfors Mineralkabinett, Helsingfors. 26, 1887; 0. Tsehermak, Sitzber. 
Akad. Wien, 115. 231, 1906; K. F. Peters, ib., 44. 123, 1801 ; C. Doelter, i6.. 120. 858, 1911 ; 
News Jahrb. Min., i, 119, 1886; G. 0. Hoffmann, i/iifierals occurring in Canada, Ottawa, 104, 
1890; A. d'Achiardi, Mineralogia della Tosca7ia, I^a, 2. 67, 1873; A. Frenzcl, Mineralogisches, 
Lexicon fUr das Konigreich Sac^n, Leipzig, 346,1874; A. Funaro and L. Busatti, Oaa. Chim. 
Ital., 13, 433, 1883; L S. Szathmary, Vegyeszeti Lapok, 2. 7, 1007 ; Banyaszati es Kohaszati 
Lapok^^^. 635,1008; F. von KoboU, Journ. prakt. Chem., (1), 30. 469,1843; (1), 91. 344.1864; 
GrundzUge der Mineralogie, Niirnberg, 202, 1838; G. void ^th, Pogg. Ann., 138. 487, 1869; 
144. 392,1871; Neues Jahrb. Min., 521,1874; Zeit. deut. geol. Oes., 22. ^lO, 1870; A. Erdmann, 
Idrobok i Mineralogien, Stookholin, 276,1863; A. £. Tornebohm, Geol. Fdr. Fork Stockholm, 6. 
642, 1883; F. Zambonini, Mineralogia Vesuviana, Leijnig, 160, 1910; F. Fouqu5, BtUl. Soc, 
Min., la 24$, 1890; Cotnpt. Rend., 80. 631, 1876; 109. 5. 1883; Son/orin, Paris, 206, 1879; 
A. Piquet, Ann. Mines, (7), 2. 415. 1872 ; M. F. Heddle, Phil. Mag., (4), 9. 462. 1865; 

H. J. Brooke, ik, (2), 10. 187, 1831 ; W. Hisinger, Akad. Handl. Stockholm, 191,18380. Wid* 
man, Geol. For. Fork Stockholm, la 20, 1890; H. Wulf, Tschermak's Mitt., (2), 8. 193, 1887; 
F. Katxar, i6., (2), la 419, 1891; B. Mieriseh, ib., (2), 8. 173, 1887; C. W. Opos|, *6., (2), a 



SILICON 


375 


373, 1881 ; J. MoKwewicK, ib., (2), 18.125,1889; Bull. Soo. Vamvie, & 7,1891; L. Appert and 
J. Henrivaux, Compt. Rtnd., 109. 827,1889; C. V^Iain, BpU. Soc. Min., 1. 113,1878; L. Bour- 
geoia, »6., 6. 13,18^ ; Rtproduflion par voir, ipiee d’an cMain nombre d'tupbce* Paria, 

1885; R. Brenosa, Ann. Soc. E«pan. Htat. A'ol., 14. 115, 1885; A. Uurit, Uthtraichl der pyro- 
ffenna^en tUnatiicAen Mimralien, Freiberg, 1857; F. Koch, BeUrdje zur KemUnis/t triataUini^er 
HiUtenp^u^en, Gottingen, 46, 1822; O. Forchhamiucr, Danskr Ai'nd, F<5r4., 64, 1864; 
A. E. Nordenakjold, He^krifning oft'er dr i Finland/unna Minfralirr, HeUingforn, 67. 1855; 

E. Mana<«e, Proe. Soc. Toaoino, 20, 1896. 

• F. Zambonini, Pend. Aecad. Xapolt, 18. 223, 1912; Piv. Min. Criat. //a/., 41. 94, 1912; 
N. L. Bowen, Amer. Min., 7. 64,,1022. 

’ Ij. S. foathmary, Zeit. Kryai., 46. 448, 1910; VegveazfH Laj»k, 2. 7, 1907; Pfinytuznti 
M Kohanzati Lajtok, 46. 635, 1908 ; Fiddt. Kozl., 39. 314,1009; B. Mauritz, i5.. 89. 505, 1909; 
J. H. L. Vogt, Zht KenrUnia der (itwtze der Mineralb^ldung in SePmelzmaaaen Msd dte neurM/* 
caniachen ErgnaagtateiHen, Krintiania. 34, 1H92 ; Ueitrdge zur Kenntnia der (Sraetze der Minertd- 
biidnng in ScJtlacken, KrUtiania, 61, 1894 ; 1*. Hebordoy, Zeil. Kryat., 26. 22. 1896 ; E. Huaaak, 
i5., 17. 101. 1890; Ytrh. Nat. IVr. Phetnl. ]¥ealf. Bonn, 95, 1887; (’. DtwdOT, Sit:ih>r. Aknd. 
Wien. 120. 339, 1911 ; Neuea Jahrb. Mtn., i. 119, 1886; Tachennak'a .Mitt.. {2), 10. 83. 1888; 
(2), 25. 90, 10O(i; A. L. Day, I'!). T. Alien, E. S. Shepherd. W. P. White, and F. K. Wright, tb., 
(2), 26. 169, 1907; A. L. Day and E. S. Sliepheixl, Amer. Jovrn. Scu nce. (4). 22. 265, lOOtl; 

E. T. Allen and W. P. While, tb., (4). 21. 89, 1906; J. B. Kergiiton and H. K. Merwin, ib., (4), 
48. 81, 165, 1919; G. A. Rankin. lA. (4). 39. 1. 1915; E. S. Shepherd. (J. A. Rankin, and 

F. E. Wright, ib.. (4), 28. 293, 1909 ; E. S. Shepherd and Q. A. Rankin, Jouni. Ind. Pmj. ('hem., 
3. 211, 1911 ; L. BoiirgeoiH, Pfjni>diiction jnir wir tgnee d'un ce.rlatn^omhrr d'eapteia minhaiea 
apparknant aur famdlea dea ailtcatea, dea IttanatcH, et dea Mrboyuttca,Var\n. 1883 ; .Iwn. Chim. 
Phya., (5), 29. 437. 1883; JMl. AW. Min.. 5 13, 1882; A. Gorgeu, tft. 10. 273. 1887 ; Ann. 
('him. Pkya., (6), 4. 546. 18^5; Gow/rf. Pend., 99. 258. 1884; 11. Iwoehartier. if,.. 87. 42. 1868; 

G. Stein. Zat. nnorg. ('hem., 55. 159. 1907; B. KarondWff, ib., 68. 188, 1910; F. Turaky, d>., 

82. 315, 1913; F. Koeli. Pedragp ztir K»nntnta kAxIallnn.fcher iltiUenpmlukien, (Jottingoii, 46. 
1822 ; H. le (‘hatelier. Rechitchea expinmeutnlra aur Iti eon.‘<(ttulton den morlura hi/drauUyuei, 
Paria, 1884 ; New York, H)05 ; Hull. S<h-. ('htm., (2), 42. 82, 1884 ; Ann. Minea, (8). 11. 345, 
1887 ; G. V. Wilaon, Journ. Soe (Wiaa Tech., 2. 177, 1918; N. G. Sefstrom, Journ. kch. 6h)n. 
rAetn., 10. 145. 1831 ; (1. Oddo. Atti Areod. Ltnai, (5), 5. 361, 1896; G. 'IVhermak, SUzber. 
.Akad. Wien. 115. !I. 1906; W. l>e,fter /joavngen ivn Kalk und Kiearlaiiure. in 

gearhmolzenem Chlorkalzitim. 18'rlin. 1J)09; A. Daiihroe, Aw«. Minea, (5), 12. 289. 1857; 
U. Grnbenmann. y>ic kriaUilhiien Srhufir. Berlin. 1904; G. S|)e7.in, Aecad. Torino, 86. 
75<h 19(X); V. .M. GoldHchmidt, Ytdrnak. Sh Nat. Hint , 22, 1912 ; R. van Jhw*, A Trentiae on 
.Veian7orpA».vm. Wa«liiiigton. 209, 822. DM4; S‘-hnalH-I, Pogg. Ann., 84. 158, 1851; 
J. F. L. ilauHinann, H'lliagr zur K< nutniaa d*r htaenhochofenachlacken. Giiltiiigen, 1854 ; (/Wt. 
l>f H(rg. friutuk, 6 . 333, I8.54 ; A Meyer, Tomnd. Ztg . 1242, 1901. 

• P. Groth, ('hnnt<ehc KrgaUiUngrtiphir, h ipzi'j, 2. 237, 1908; A. dea (’loireaiix, Manuel 
de mhicralogic, Pari.s, 1. 5(i. 1862 ; .!««. .Minta, (5). 14. 395. 1858; i\ Groawr, Znt. Kri/at., I9. 
<i06. 1891 ; U. voin Rath, Pojg. Ann., 138. 485, 1869 ; (' F. HayinielBlaTg, A, 103. 282, 1858 ; 
A. Miehel-l<6vy and A. Laerc»iK, Jjia miiUraux de.t nyehea, Pans, 270, 1888 ; 11. .1. Brooke, /’Ad. 
Mtig., (2). 10. 187. 1S3I ; W. Phillijw. Ekmeutory Introduction to Mineralogy, London, 23, 1823 ; 
F. Mohs, (Irundnaa dar Minernhgie., Dresden. 2. 328, 1824; H. R«^*, (hlherVa Ann., 72. 72. 
1822; F. von Kobidl. Journ. prakt. Vhem., (1), 30. 469, 1843; .1. F. L. llausmann, Unndltuch 
der Mincralogtc, (Jottingt^n, 466. 1847 ; J. D. Dana, .ii/fer. Journ. Hcienee, (2), 15. 449, 1853; 
E. T. Allen and W P. White. A. (4), 21. 89. I90(i; G. A. Rankin, A, (4), 39. J. 1915 ; A. L. Day 
and E. S. Shepherd. A, (4). 22. 265. 1906 ; A. L. Day. E. T. Allen, E. S. Shepherd, W. P. White, 
and F. E. Wright, Tachernuik'a MiU., (2), 26. 169, 1007 ; R. J. Hauy, Traiii A minlralogie, 
Paris, 2. 438. 1822 ; A. Funaro and L. Buzatti, (iazz. f Aim. lUil, 13. 433, 1883 ; F. Hessenberg, 
Mincraiogiache Noiizen, Frankfurt, 9. 28, 1870 ; N. von Kokaoliarofl, Makrialirn zur Mimralogie 
Puaalanda. St. Petersburg, 9. 28, 1881 ; Proe,. Puaa. Min. Soc., 19. 153. 18W ; C. Doelter, Neuea 
Jahrb. JMin., i, 124, 1886; J. H. E. Vogt, Bthang Stvnaka Akad. linndl., 9. 86, 1884 ; Zur 
Kenntma Ar Geatlze. Ar Mineralbildung inSchmelzinaaaea and die neomlMniachen Krgueagc.akinen, 
Knstiaiiia, 66, 1892 ; L. Bourgeoia, Reproduction par mie, ign6e. d'un eerfatn nombre d’eapiexa 
miniraUa appartenanl aux famiAa Aa aUiceAa, Aa lUaiuUta, et Aa mrlyonatea, Paris, 1883; 

, H. Traube, Die Minerale Schleaiena, Breslau, 241, 1888 ; Neuea Jahrb. Min., i, 230, 1880; 
C. F. Petere, .Sifeiwr. Akad. (Fie*. 44. 123, 1861 ; A. Piquet, Am. JUims. (7), 2. 4IS, 1872; 
P. Lebedew, Zril. aiuvg. CAem., 70. 301, 1011 ; K. KittI, i6., 77. 338, 1912 ; 80. 79, 1913 ; 

R. C. Wallace, <6., 63. 1,1909; Tram. Cer. Soc., 9. 172, 1910. 

• .V Winkleraann and 0. Schott, Wied. Ann., 61. 736, 1894; V. A. 'iBchertiohljeff and 

S. P. Wologdine, (’omp(. Rend., 154. 209, 1912 ; C. Doelter, «t/jicr. dtod. Wien, 120. 802, 1911; 
A. Btun. drcA. Scwncu Ornin, (4), 18. 537. 1904; H. Kopp, Liebig'i Ann. Suppl., 3 289. 
1865 J W. P. White, Amer. Jovrn. Science, (4). 28. 342, 1909 ; 0. A, Rankin and F. E. Wright, 
it., (4), 39.1,1916; E, T. Allen and W. 1*. White, ib., (4), 21. 89,1906; A. L. Day and E. S. Shep¬ 
herd, ib., (4), 23 265, 1906; A. L. Day, E. T. Allen, £, S. Shepherd, W. P. While, and 
t. K. Wright, Tichermak't MUI., (2), 26. 169,1907; J. P. I.ehedew, 2ei(. anorg. Vhem., 70. 301, 
1911; R. Loreni and W. Hera, it., 186. 374, 1924; A. S, Ginaherg, it., 59. 348, 1908; 
8. Smolcnaky, di.,73 294.1912; R.C Wallace,tt., 68. 1,1909; frane. C’er.See.,9.172,1910 ; 



376 


INORGANIC AND THEORETICAL CHEMISTRY 


0. Boudouard, Jotirn, Iron Steel Inet., 67. ii, 339, 1905 ; 0. Schott, Kalksilikaie ttnd Kalk- 
edtminaU in ihrer Beziehung mm Porlhind-Cement, Heidelberg, 1906; R. Rieke, Sprech., 40. 693, 
1907: H. le Chatelior, Bull, Soc. Chim.t (3), 17. 793, 1897; H. Philippi, Schmelz- und Ldsungs- 
vermche in der Beihe Kalk-Kmehanre, lierhii, 1908; N. V. Kultaschefl, Zeit. anorg. Chem., 
36. 187, 1903; A. h. Fletcher, Proe,. Boy. Soc. Dublin, (2), 13, 443, 1913; R. Cusack, Proc. 
Boy. Irith Acad., (3), 4. 408,1897. 

E. T. Allen and VV. P. White, Amer. Journ. Science, (4), 21. 89, 1906 ; 0. A. Rankin and 

F. E, Wright, ib., (4), 39. 1, 1915; E. Mallard, Cempt. Bend., 107. 302, 1888; A. Michel-L6vy 
and A. l^croia, Ln minhraux del roches, Paris, 271, 1888; A. des Cloizeaua, Manuel dc 
minkralogie, Paris, 5il, 1862 ; Nouvellei recherches lur lei proprjjBii optiguei del criitaux, Paris, 
698, 1867; W. F. Hillebrand, Amcr. Jo-urn. Science, (4), 1. 323, 1896; K. Przibram, Verh. 
Phyi. Gel., 3. 1, 1922. 

" W. Flight, Journ. Chem. Soc., 41. 169, 1882 ; J. Lemberg, Zeit. deui. geol. Cki., 24. 251, 
1872 ; 28. 691, 1876; 29. 482, 1877 ; 36. .790, 616, 1883 ; 40. 047, 1888 ; 6. A. Kenngott, 
Nrue.i Jahrb. Min., 314, 1867 ; W. Suida, Silzber. Akad. Wien, 113. 736, 1904 ; G. Tscherraak, 
ib., 116. 228, 1906 ; (}. Rose, B<r., 2. 392, 1809i; A. Gorgeu, Bull. Soc. Min., 10. 273, 1887 ; 
Ann. {him. Phyi., (6), 4. 5.70, 188.7; H. Hancmann, Uehcr die Beduktion von Silicium am 
I’tegelmakrinlien dutch gathmolzenci kohlthallign Ehen, Herlin, 1909 ; 0. Schott, Kalknlikate 
und Kalkalummale in ihrer Bc.ziehuvg zum Porlland-CemnI, Heidelberg, 1006 ; C. Zulkowsky, 
tBahl Even, 27. 1062, 1098, 1997 ; N. G. ChatO'rji and N. K. Dliar, Chem. Newi, 121. 253,1920 ; 
H. le Chatolier, Bechcrchcs cxpirimcntnlei itir la conililulion dci mortieri hydraultquei, Paris, 
1884 ; New York, 1905 ; H. Landrin, Cimpl. Bend., 96. 166, 841, 1229, 1883' ; 98. 1053, 1884 ; 

G. E. Rankin and F. E. Wright, Amcr. Journ. Science, (4), 39. 1, 1915; C Doelter Silzber 
Ahul. Wien. 121. 906, 19f2 ; N. S. Mnskelyne, B.A. Bep , 190, 1862; Phil. Tram., 160. 196, 
1870; W. Flight, >5., 160, 195, 1870 ; Proc. Boy. Soc , 18. 149, 1870 , A Vhapkr on the Iliitory 

oj Meiconle.r, 1.don, 119, 1887 ; C. Friedheim, Silzber. Akad. Wicn, 300, 1888; (i. Hinrichs, 

Compt. Bend., 118. 1418,1894 ; ,T, Lnar, Nicdcrrhcim Cci. Bonn, 39. 90,1882 ; E. Cohen, Meieori- 
tenkuTidc, 1. 212, 1894 ; 1*. LclRidptf, Zeit. duorg. ('kent., 70. 801, 1911 ; ('. Maticnon 

andG, Marchal, Coropl./iend.,170. 1184, 1920; W. S. Patterson and P. F. Summers, RuH Init 
Mm. Met., 233, 1924. 


Ammon, llelcr einige Silikale der Alkalien und Erde.n, Koln, 35, 1862 ; W. Pukall, 
Sihkatc Zeit., 2. 63, 1914; E. Jordis, Zell, tmgeic Chem., 19. 1697, 1906; E. .Tordis and 
E. H. Ranter, Zcil. anory. Chem., 42. 41.8, 1904 ; 43. 48, 314, Il«l5; A. Gage.s, B.A. Bep., 203, 
1803; H. Ic (liatelier, Bichcrchei cxpirmenlalea .vir la comhtuUon del morliers hydrauluim, 
laris, 1884; New York, 1906; W. lleldt, Journ. prakl. I'hem., (1), 94. 131. 1865l)oelU-r, 
Uehermik « Mill., (2), 25. 89, 1906 ; A. Danbrie, Atm. Mmee. (.7), 13. 214, 18.78 ; Compt. Mend., 
46. 1088, 1858 ; h. Cnrnn, Boll. Zed., 4. 190, IIK)9 ; F. W. Clarke, The Comhlulwn of the Natural 
.Sihcnte. Wasliingtiin, 89, 108, 1914; G. A, Rankin and F. E. Wright, Amcr. Journ. Science. 
(4). 39. I, 1915; F. E. Wright, ib., (4), 26. 6.71, 1908; E. T. Allen, ib., (4). 26. .751, 1908; 
A. S. EaUe and A. F. Rogers, ib., (4), 37. 262, 1914; A. S. Eakle, Bull. Vepl. Oecl. Vmu. Cali- 
Awiwo, 10. 327, 1917 ; E. ilschler, Ueilerr. Chem. ZIg., 8. 145,'1905 ; J. Parry and F. E. Wright, 
Mm. Mag., 20. 277, 1925. s . 


• ^a 18- 17, I860; Uandhuck MineralcMmiee 

Leipr.ig, ,180, 1875 ; 318, 1895; M. F. Heddle, Mm. Mag., 5. 4. 1882; A, Lacroix, Bull. Soc. 
Min., 8. 342, 1886; P. Groth, Tahellnrifiche (jehersickt des AUneralicu, Hraunschweig 163 
1898; J. h\ WilhaniB. .4«». Rep. Arkumas Oeol. Sur., 2. 35,5,18JK); E. S. Lareen, Amer. Journ. 

1017; Amer. Min., 8. 181, 1923 ; G. M. SohwarU, ib., 9. 32, 1924; 
10. 83,1925; W. F. Foshag, ib., 7. 24,1922 ; E. V. Shannon, ib., 10. 12,1926. 

” E. Jordis and E. H. Ranter, Zeil. anorg. ('hem., 35. 90,344,1903 ; 42. 424,1904 ; E. Jordis, 
?■’ 68. 393,1903 ; B. von Ammon, Ueber eiiiigc Silikale 

a oo OS’* ' '“P*- 1870; H. lo Chatclier, 

if>., 92. 931, 1881; RechereJus cxp^imentales sur la constitution des morliers kydrauliaues, Paris, 
****’ i A. Cossa and G. la Valle, Zeil. Kryit., . 

11 399,1886; H. Backatrom, tb.. 36. 166,1902 ; W. Wahl, ib., 38. 166,1902; E. W. Provost, 

( hem. Nm, 36. 272, 1877; F. Ruhlmaim, JAebig’i Ann., 41. 220, 1842; ,L Dalton. A New 
system of Chemical Philosophy, Manchestt-r, 2. 536,1810. 

■s i T- worth, »., 65.113,1842; E. E. Schmid, 

»&., 126. 143, 1865; A. Miohel-L4vy and A. Lacroix, Lcs mineraux des roches, Paris, 316, 1888; 
A. Lacroix, BnU. Soc. Min., 8. 341, 1886; 10. 162. 1887; A. de Sehulten. *6,6. 93. 1882; 
J. l^mbcrg. Znt. deni. gcol. Oes., 29. 476,1877; F. von KobeU, Kastner's ArcMv., 14. 333,1828; 
A. ConiieU, Rdin. Phil, Journ., 17. 198, 1834; C. Doelter, Neues Jahrb. Min., i, 123, 1890; 
L. Dara^y, i6., i, 32,1888; P. A. Dufrenoy, TraiU de miniralogie, Paris, 4. 697,1859 ; 0. von 
Hauer, Jahrb. Ceol. Reichsanst, Wien, 190, 1864; S. Haiigliton, Proc. Geol. Soc. Dublin, % 114, 
US ’ 9* ^ *922; T. L. Walker. Amer. Min., 7. 100. 

1922 ; A. S, Eakle, tb., 0. 107,1921; C. F, Ranimelsberg, Handbuch der Mineralchemie, Leipzig, 




SILICX)N 


S77 


605. 1876 ; 366. 1895; Z«ii. geot. (k»., 20. 447. 1868; S. Meunier. Cowfl. Rend., 100. 
666 , 1886; G. Tammaim, Zeit. phya. ('hem., 27. 329, .1898; W. Pukall, Silikai-Zeit., 8. 65, 
1914; E. JordiB, Zeit. angete C^n., 19. 1700. 1906; P. Groth, Tabellarische Vebcrficht der 
Mineralien, Braunaohv’Wg, 122.167,1889; F. W. I'larky, The ConjtUtuiionof the Natural Silicaiu, 
Washington, 108,1914 ; Amer. Journ. .Science, (3), 48. 187,1894 ; A. S. Eakl«» and A. F. Rogers, 
i6,.(4), 87. 202, 1914. 

H. How, Kdin. Phil. Journ . (2). 10. 84, 18.59; (2), 14. 117, 1801 ; Phil Mag., (4). 22. 
320, 1861; (5), 1. 128, 1870; T. Anderson, ib., (4). 1. Ill, 1851 ; W. H. Miller, ib., (4), 8, 430, 
1852 ; M. F. Hcddle, Mm. Mag., 4. 119,1880 ; 8. 130, It)9. 1889 ; 0. 391, 1891 ; F. N. A. Fleisoh- 
mann, ib., 15. 288, 1910; (». vyin Ratli, Pogg. Ann. Krgbd., 6. 370, 1873; L. Saemann, Atner. 
Journ. Science, (2), 19. 301.1855 ; F. W. (’larke. th., (3), 38. 128. 1889 ; (3), 48. 187, 1894 ; The 
Conelilution of the. Natural Siltcatex, Washington, 108, 1914 ; Hull. U.S. (Jeol. Sur., 125, 1895; 
W. T. Scballer, ib., 262,1905 ; VV. F. Finhiig, .liner. Min , 9. 88, 1924 ; K. Hussak, TtJdr. Min., 
330, 1906; F. Cornu, Sitzbn. .Ikad. iricrt. 116. 1213, J907; Terhermak'e Mtll., (2). 25. 489. 
1906; E. Baur, ZeU. anorg. ('hem., 72 119, JIUl ; (). H, Boggihl, Meddclser om (Irinland, 34. 
91, uk)8; W. Froudenberg, Mtll. Badiech (k(4, 5. 18.5, PHMJ; P (Iroth, TabellnriscJie Ueberaicht 
dir Mineralien, Braunschweig. 1898; R. P. Grog and G. Jattsom, Manual of the Mineralogg 
of (treat BriUiin and Irelatiel, London, 217, 185H; A. Laoroix, ftull. Sac. Min., 10. 148, 1887 ; 
A. <le8 Cloizx'au.x. Nourellea rerherehes anr la iwo^meth opiique.s dee rni(au.r, Paris. 523, 1867 ; 
J. Konigsbergor and W. J. Muller. AViio.« Jahib. Mm. B.B., 44. 402. 1921 ; G. A. Kenngott, 
Vi'beretchfc de.r IlcaiiUate mitwralojischer Forschutujen. Wien. 55, 1801 ; ,1. J). l)ana, A SyMem 
of Mineraligy, lamdon. 797, 1808 ; E. S. Dana, Deecrijittir Mineralogy, New York. 500. 1892. 

A. Polikan, Silzbcr. .Had irion. 111. 331. l!H»2 ; A. llinitiwlhauer. Tachennnk'a Mat, 
(2). 32. 133, 1913; If. Miehel, A, (2), 30. 482, 1911 ; F. Cornu, f7», (2). 24. 127, 207. 1905; 
('entr. Min., 8(», 190tl; R. Ziminerinann, ib., 245, 11K>.5 ; 1.54, 1909 : A. S. Kaklc, Ainer. Mtu., 
10. 00, 97, 192.5. 

** P. Kskiil.i. -lowr Journ. Srieiin, (.5), 4 331, 1(^22; G Rankin and F. IC Wright, ih., 
(I), 39. 1, I5d5; (J. V. Wilson, Journ. Soe. (UtM Tech.. 2, 177. 19lS; K. S. iSheplienl anil 

G. A. Ifankin, Journ. hid. Eng. (‘hem , 3. 211. 1911 ; N. L. Bow‘'n, Journ Amcr. i'er. Sor., 2. 
201.1919; Journ \ya...himjlon Aaid. Sciinee. B 2»*.5, 1918 

« K. Martin, Monit. Sn, nt., (.5), 13. 177. 1923. 

*' H. lo Cliab'lier. Ketfurrhs i eiiiiiminlali anr la con-diiution dea mortiera hydrnuliquea, 
Pans. 1884 : New V-rk. 1905; Compl Hevd. 97. 1.510, 1883; A. Gorgeu, t6., 99. 250, 1884; 

('him. Phya, (0), 4. .518, 1885; K .lordis and E. if. Ranter, Ziit. anorg ('hem., 42. 
429,1904: H Karandwff, ti.. 68. 188, 1!U0; A. WulMskoff, Ann. Inat. Polyl. St Pekraburg, 
15. 421. 1911. 

” F. K. Wright. Amrr Journ. Science, (4). 26. 547. 1908; H. S Butler und W. T. iSehaller, 
lb., (4). 31. 131. 1911 . .S ii Penfielil and J. If. Pratt, ih . (4), 1. 229, 181HI; K. W. Clarke, The 
Conatilnfion of the Natural Sihaila, WashingOm, 89, ltH4 ; A. E. Nordenskjold, t'oinjit. UinJ., 
88 . 314, 1878 ; (lol. For Fork Stockholm, 5. 270. 1880 ; (). V.’idnian. ib , 12. 20, 181W ; H. Hack- 
stfom, ib., 19 .307. 185)7 ; E. t’ohen, Nturi Jahrh. Mm., n, 21, 1881 ; K Jfertrand, Bull. Site. 
Mm., 3. 159, 1880 ; 4 8. 1881; 11. 88. 1888. F. Pjsani, ih„ 19. 06, 1895; G. Lindstroin, 
(Efeers. Akad. Slockhohn. 35. 43, 1878; F. Zaruhonitn. Atli Accad. Najioli, (3), 14. 148, 1908; 

H. E. Merwin, Journ. Waa/nngton Arod. .SVj//-rvs, 4. 494, 1914 ; C. F. Rairimelsberg, Uandhuch 
dtr Minernlchtmic, Jx'ip/.ig, 4tt2, 185)4; f N Kenner, Proc. Ntw^'ork Acad., 20. 93, 1910; 
A. Miehcl-Liivy and A. Latnnx, Lta vHiiiran.r dta roehcji. Paris, 1888; P. Groth, Tabellartache 
VelmmcM dir Mineralien, Braunschweig. lHS5), C. k)i%4(cr anil F. Cornu, Znt. holl., 4. 89, 
1909; E. F. llohlen, Amer. Mtn., 1. 12. 15422; H. P. I>. (irahani. 7V«»w. Hoy. Soc. (’anada, 12. 
185, 1919 ; W. Eitel, Neues Jnkrb. Min., ii, 45, 1922 ; Ker. Bund., 32. 669, 1924. 

” R. C. Wallace, Trane. ('er. Soc , 9. 172. 1910 ; Zed. anorg. ('hem., 63. 1, 15K)9 ; R Schwar*, 
th., 116. 87, 1921 ; E. Baur. ib.. 72. 137, 191J ; N. V. Kultaschcff. ib., 86. 187, 1903; F. von 
KobeU, Ka.dner'8 Arch., 13. 385, 1828; 14. 341, 1828; Sitzber. Akad. MilncJien, 1. 290, 1860; 
Journ. prakt. Chem., (I), 97, 493, 18(91; E. Riegel, ib., (1), 40. 307, 1847; J. L. Igclslrom, ib., 
(1), 81. 396, 1800; (Efivra Akad. Fork. Stockholm, 399, 1859; A. Breithaupt, Volhtdndige 
('haraklerietik der Mineral-Syatema, Hresden, I3J, 1832; Pogg. Ann., 9. 133, 1827; A. Jfaaeke, 
Unlereuchungen iber die bxnaren Syaleme dee lAthtumorOioailikate mil Zirkon-, (Jer-, und 
Kalzium-orihoeilikate, Freiburg i. Br., 22, 1919; R P. Greg and W. (». liCttsom, Maniwl of 
the Mineralogy of (treat Britain and Inland, Londini, 210, 1858; M F. Hcddle, Phil. Mag., 
(4), 9. 248,1855 ; Min. Mag,, 4. 121,1880 ; d. Adam, Ann. Minen, (4). 16. 90.1849 ; J. Ivemberg, 
Zeit. deid. ged. Gea., 24. 252, 1872 ; 28. 602, 1870; 29. 477, 481, 1877 ; 36. 614, 1883 ; 37. 
959, 1885; M. Websky, tb., 5. 384, 18.53; T. Thomson. Oullitua of Mineralogy, London, 1. 130, 
313, 1836; Phd. Mag., (2), 16. 402, 1840; J. D. Whitney, Journ. Sol. Nat. Jliat.^Boeton, 6. 36, 
1849 ; Amer. Journ. Science. (2). 7. 434, 1849; (2), 29. 206, I860 ; F. W. CUrke and (}. Steiger, 
ib., (4), 8. 246. 1899; (4), 9. 346, 1900 ; F. W. Clarke, Journ. Amer. Chem. Soe., 20. 608, 1898; 
BuU. U.S. Oeol. Soc., 419, 1910; Amer. Journ. Science, (3), 29. 20, 1884; A. H. Chester, (3), 
83. 287,1887; A. Leeds, ib.. (3), 0. 23. 1873; L. C. Beck, (1), 44, 64. 1843; C. Bixdter, Ncuea 
Jahrb. Min., i, 126,1886; A. des Cloizeaux, Manuel de minirnlogie, Paris, 129,1862; G. A. JCenn* 
gott, Vebermchte der ReeuUote minerahgiecker ForHchungen, Wien, 63, 1866; P. Groth, Tabel- 
larieehe U^nicJit der Braunschweig, 129, 1889; C. F. Raromelsberg, Uandhuch 

der Mineralchemk, Leijwig, 381, 1876; J. D. Dana, A Syekm of Mineralogy, London, 396, 



378 


INORGANIC AND THEORETICAL CHEMISTRY 


1808: V. Ton Zepharovich, Mimralogmhes Lexikon JUr i/ia KaUtrthm (k»Untv^, Wien^ 311, 
1859; L. Uebenor and J. Vorhauser, I)k Mineralien Tird$, Innsbruck, 311,1852; R Schubert, 
Minmtlvorhmmnkie von Jordanmniihl, Brieg, 36, 1880; A. Cathrein, Tschermak't MiU., (2), 
10. 395, 1889; J. R. Blum, Die Pseudomorphoeen des jlftncralretcA^, Stuttgart, 40, 18^; 
A. von Laaaulx, Zeit. Kryst., 4. J09,1880; V. M. Guldschroidt, ib., 18. 635,1888; J. F. Williams, 
ib., 18.386,1891 ; A. Arzruni, ib., 10. 613,1885; C. J. Peddle, Joum. Soc. Olaee Tech., 4. 20,46, 
69, 71, 299, 310, 320, .330, 1920; 5. 72, 195, 201, 212, 220, 228, 256, 1921; E. F. Smith and 
£. B. Knorr, Amer. Chem. Journ., 6. 411,1884; R. Jameson, Edin. Phil. Joum., 16. 386,1833; 
A. J. Scott, i6., 53.277,1852; R.S. Houghton, 364,1906; J. Young, 

ib., 7. 166, 1883; E. Reuning, Ventr. Min., 739, 1907; 0. B. Boggild, Medd, Oronland, 82. 1, 
1906; A.B. ftfoyer, JaAreM. Fcr. AVJAunie, 21,1884; A.S.Eaklo,Butt.Geol. t/niv. CoW/omio,2. 
316, 1910 ; G. Tschermak, Sifzber. Akad. Wien, 115. 229, 1906; G. Steiger, Journ. Amer. Chem. 
8oc., 21. 437, 1899; Bull. IhS. Oeol. Sur., 262. 89, 1905; J. Roth, Allgemeine und chtmieche 
Ueologie, Berlin, 1. 400, 1879; K, Cornu, Berg. H^it. Zlg., 66. 89, 1908; H. Roseubuoh and 
E.^ Wiilfing, MikroskopincJte Phystoyraphie der Mineralien. und OesiHne, Stuttgart, 196, 1905; 
J. J. Berzelius, Jahresb., 27.247, 1847 ; G. C. HoIBnann, Mtneraln occurring %n i'anada, Ottawa, 
94. 1890; P. A. Bolley, lAthiga Ann., 106. 223. i8r>8: A. von Schulten, BuU. Soc. Ckim., (2), 
87. 461, 1882 ; 0. G. C. Bischof, Lehrbuch der chemischen und phyeikaliscMn Oeologie, Bonn, 1. 
835, 1846; J. N. von Fuchs, Kastner's Arch., 5. 385, 1825; W. W. Coblentz, Inveatigatione of 
Infra-red Spectra, Washington,*8. 40, 190G ; 4. 89, 1906 ; A. ]j. Parsons, Univ. Toronto Stud. 
Qecd,, 17, 1924 ; A. J^acruix, Bull. Soc. Min., 8. 323, 1885; A. Michcl-L6vy and A. I-aeroix, 
Lett minMtux den rochen. Paris. 317, 1888; E. S. Dana, Descrntire Mineralogti, New York, 568, 
1892. ^ 

C. Riniuan, Acad, llandl. Stockholm, 52, 1784 ; J Mliller, J)e zrohthis sueeicis, Lund, 32, 
1701; M. F. R. d'Andrada, Seheerer's Journ., 4. 32, 1800; Journ. Phya., 51. 242, 1800; 
Nicholaon'a Journ., 6. 193, 211, 1801 ; ('. ('. von Ivoonhard, liandhuch. der (hykiogono.tie, Heidel¬ 
berg, 590, 1821 ; G. Leonhard, flnndtrortenhurh der tojutgrapUehen, Mineralogie, Heidelberg, 
38, 184.3; Die Mineralien Badcna nach ihrem Vorkommen, Stuttgart, 28, 1876; R. J. Haiiy, 
1 raiti de. minhalogie, Paris, 8. 154, 1801 ; 3. 194. 1822 ; Coura de. mineralogie, dc I'an Kill, Paris, 
1805 ; Tableau comparatif dea rhultala de la crklallotjrapkie el de I'analyae ckintique rclalivement 
d la claaaijiccition dea mi7ierau.t, Paris, 36, 168, 1809; A. G. Werner, Lelztea Mineral-Syatem, 
Freiberg, 6. 37, 1817; D. Brewster, Edtn. Phil. Journ., 1. 1, 1819; Edin. Journ. Science, 7. 
115, 1827; Phil. Trana., 108. 109, 1818; G. S. von Waltershausen, Ueber die vulkaniachen 
(kateine in Sicilkn und lahnd und ihre aubmanne. Umbildung, Gottingen, 297, 1853 ; W. Klein, 
Sitzber. Akad. Berlin, 263, 1892; Zeit. Kryat, 9. 45, 1884 ; C. Klein, Ncuea Jakrb. Min., i, 263, 
1884 ; Sitzber. Akad. Berlin, 217, 1892 ; J. F. W. Henichel, Trana. CatiJ>ridjc Phil. Soc., 1, 21. 
1820; J. N. von Fuchs and 0. (tohlon, Schweigger'-'* Journ., 18.1,1816 ; P. Groth, JOt'e Mineralien* 
Sammltti^ der Uniiferaitdl SUmdmrg, Strassburg, 236, 1878; Tabellarkche. Veberaicht der 
Mineralien, Braunschweig, 149. 1889; CAew/scAe Kryslallographie, I^ipzig, 2. 263, 1908; 
Zeit. Kryat,, 5, 376, 1881 ; A. des Cloizeau-x, J/rjn«pl de mineralogie, Paris, 128, 1862 ; Ann 
Minea, (5), 11. 266, 1857 ; Nouvelle.'i recherckea aur lea propriifia optiqves df‘a criaiaux, Paris, 521. 
1867 ; A. Sehrauf, AHaa der KryaUillfonnen dea Mineralrcichfa Wien, 21. 1865; SitJ)er. Akad. 
Wien, 62. 700, 1870 ; F. von Richtholen, ib., 27. 293, 1858 ; G. 'rsohennak. ib., 47. 465, 1863 ; 
G. A. Kenngott, Ueberaickle. der Jteaiiltate mineralngkcfur Forachnngen, Wien, 69, 1858 ; Journ. 
praki. Chem., (1). 89. 449. i863 ; Se.uea Jakrb. Min.\ 304. 769, 1867 ; 725, 1873 ; R. P. Grog 
and W. G. I^cttsom, Manual of the Mineralogy of Greut Britain and Ireland, London, 217, 1868 ; 
J. F. L. Hausmann, flandhuch der MiriirKlogte, Gottingen, 761. 1847 ; H. Dauber, Pogg. Ann., 
107. 281, 1859 ; Sitzber. Akad. Wien, 107. 281. 1859 ; F. von Richthofen, ib., 27. 369, 1867 ; 
G. Tschermak, ib., 47. 456, 1863; Lehrbuch der Mineralogie, Wien, 571, HH)6; G. Cesaro, 
Bull. Soc. Min., 12. 63, 1889 ; 0. Luedeckc. Kryatallographkche Unterauchunge.n, Halle, 28, 
1878 ; Dk Mincrak dea Harzea, Berlin, 1896 ; Zeit. ffalurwiaa., 61. 337, 1888 ; C. F. Raramels- 
berg, Zeit, deal. geol. Oea., 20. 443, 1868 ; Pogg. Ann., 68. 606, 1846 ; 77. 236, 1849 ; Handbuch 
der Mineralchemte, I^eipzig, 006, 1875; 367, 1896; A. von Lasaulx, Niederrh. Oea. Bonn, 99, 
18^; E. Weiss, ib., 132, 1871; K. Busz, ib., 32, 1894; H. Pohlig, ib., 64, 1890; G. Greim, 
IHe Mineralkn dea Groaaherzoga Heaaen, Giessen, 44, 1896; C. W. von Giimbel, Oeognoalkche 
Beachreibunj dea oatbayeriachen Grenzgebirgea, Gotha, 2. 360, 1868 ; H. Traubo, Dk Mineralc 
Schleakna,‘’BteaAua, 16, 1888; F. A. Roomer, Geologk von Oberai^akn, Breslau, 437, 1870 ; 
A. Frenwl, Minernlogiackea Lexikon fUr d»ia Konigreich Sachen, Leipzig, 18, 1874; A. L6vy, 
De^plion d’une collection des miniraux formk par H. Heuland, Londres, 1838 ; J. R. Blum, 
Dk PHudomorphoatn dea MineralTeiehs, Stuttgart, 45, 1863; Keuea Jakrb. Min., 464, 1863; 
0. C. Hoffmann, Minerala occurring la Canada, Ottawa, 74,1890 ; F. Tamnau, Zeit. detd. geol. 
Ota., 4. 0 , 1852; C. Hersch, Der Waaaergehalt der Ztolithe, Zurich, 43, 1887; J. D. Dona, 
A Sy^em of Mineralogy, New York. 249, 1850; T. Wada. Minerals of Japan, Tokyo, 1904; 
Zeit. Kryat., 11. 442, 1886; K. Jimbo, Kotes on the Minerals of Japan, Tokyo. 1907; 
E. Manasse, Proc. Fer6. Soc. Toscana, 16. 65, 1906 ; E. Baschieri, AUi Soc. Toscana, 24. 
133, 1908; P. P. Filipenko, Ann. geol. Min. Buss., 10. 189, 1908; S. J. Thugutt, Centr'. 
Jfin.,,677. 1909; 761.1911; J. Samoiloff, »A., 267, 1910; F. Cornu, it.. 210, 1907; Tschtr* 
mak's Mitt., (2), 24. 203, 1905; V. Rose, Oehlen's Joum., 6. 37, 1805; W. H. Miller, 
Introduction to Mineralogy, London, 437. 1862; F. Kohlrauseh, Wied Ann., 4. 29,1878; 
G. Suckow, Zeit. Naiurwka., 8. 271,1855; F, Pfaff, Pogg. Ann,, 108. 608,1859; W. G. Hankel, 



SILICON 


379 


»5., 157. 163» 1876; F. WShler, IMbig't Ann., 65. 80, 1848; R. Bunaen, ih., 66. 82, 1848; 
Ann. Mines, (4), 19. 260, 1861; G. Stokloasa, 6'e6«r die Natvr its H'owfw m icn ZtolUktn, 
Stuttgart. 1917; News Jakrb. Min. B.B., 42. 1,‘I918; A. Khringbaua, ib., 41. 342, 
1917; 48. 657, 1920; Zeit. Kryst., 56. 418,1921; A. Weniel. Ntues Jakrb. Min. B.H., 41. mb, 
1917; J. E. HiUch, Tsckermak's MiU., (2), 34. 262, 1917; A. L. ParsonH, Amer. Mtn., 9 67, 
1924 ; R. Brauns, Die opiiscben Amninlien dtr KrystaUe, Leipzig, 298, 1891 ; L. Uebeiier rimI 
J. Vorhauscr, Die Mineralien Tirols. Innsbruck, 19, 1869; A. Hinimel^ucr, Mtil. Nat. JVr. 
Ifien, 8. 96,1910; J. Roth, Allgemeint uni chemische (ftologie, Berlin, 1. 398, 1879; R. Gbrgey. 
News Jakrb. Min. R.A, 29. 267, 1910; C. l>i>elter and E. Mattenwlorf, IVrA. (fed. BeicksanM., 
32, 1876; C. Doelter, NeuesJ^krb. Min., i. 121, 1890; ii, 221, 1894 ; A. Strong, i6., 425, 1870 ; 
393, 1876; G. Zimmermann, ib., 208, 1834; F. Samlberger, i6., 190, I860: A. \VoiBl)ach, tb, 
663, 1879; J. Schill, ib., 266. IMS; ('. F. IVt4'rs. ib., 434, 1861 ; A. J’lohlor, tb., 62, 1877; 
1). F,Wiser, ib., 328,1840; P. C. Woibye, ib., 770, 1849; G. Seligmann, ib., i, 140,1880; H. C rwlnor, 
ib., 12, 1869; F. Klooke, Her. Verk. Nal. (bs. frctbrn/. 2. 361>, 1880; News Jakrb. Min., li, 11, 
1880; i, 204, 1881 ; ii, 266, 1881 ; F. Rinne, th.. li. 19, 1895; A. KtK-h, Zeit. Kryst., 17. 506. 
1890; E. Weinsehenk, ib., 26. 507, 1800; W. (’. Brogger. *6.. 16. 644, 181H); J, Konigsberger, 
ib., 52. 161, 1913; O. Weigel, ib., 68. 18:1, 1923 ; 0. B. Bogpild. ib., 49. 239. 1911 ; K. Zimanyi, 
i5., 22. 336, 1894; J. Lehmann, i6 . 11. 611, 1886; l». J. Ploner, jfe., 18. :15I. 1890; T. Wa<la. 
ib., 11. 442,1886; C. Friedcl. ih., 26. 22.1896; ( W/rf. lirni . 118. 1232, 1894 ; HnU. Hoc. Min., 
17. 142, 1894; J, Runipf, Tsckcntwk's MiU., (2), 2. 384, 1880a «f. E. Hilwoh, i6., (2), M. 262, 
1917; J. Fmmme, i5 , (2), 28. 305, 190!): M. Welwky, i5., {!), 2. 04, 1872 ; ZeU.ietit.ged.iits., 
28. 419, 1876 ; SchUs. (!e<t. Vaterl, KuU., 43, 1870 ; F. Artnii, Atli .iccai. Iamci, 4. 536, 1888 ; 
U Coloraba, ih , (5), 16. i, 906,1907 ; (J. d’Acluardi, lU., (5), 11. i, 251, 1902 ; L. MeHclunelH and 
A. Balofitra, Rtv. Mtn. Crist. Ital., 2. 13, 1887 ; A. Lufrcnoy, .ijm. Mine.*, (3), 9. 171, 1836 ; 
A. J>aubr6o, tb., (5), 12. 294,1857; E. Mallard, tb, (7), 10. 121, 1876; F. (lonnard, Comjrt. 
Jicni., 104. 719. 1887; 105. 886. 1887; A. C. Bewjuere), tb., 63. 5. 1800; A. Dublin, i6., 123. 
698. 1896; W. F. Hillebrand. Bull. U H. (hoi. Sitr., 20, 1885; W. (‘rotw and W. F. Jldlcbrand, 
Amer. Journ. Soiencc. (3), 24. 129, 1882; Ff do Landero, A'lHoyW.f viiniralogtcii 6 cotalogo- 
iescrtjttiw de hs mtnerahs, Mexicn, 35. 1888; I., (iunld. Bull. Hoc. Min., 18. 376. 1805; 
F. R. Mnllet. Manu/tJ of the (hology of Indni, Calcutta, 4. 123, 1887 ; C. (J. C. Ilischof, Ukrburk 
der ehemtschfn uni pkysikalisrhen (hologit, Bonn. 2. 3K8. 18(4 ; H. SOilting, Berg. HtUt. Zty., 
20. 267. 1861 ; K. Mattesilorf. IVrA. (hoi. Beichtanst., 32. 1876; F. Stnnnoyer, (loti, (hi, Anz., 
19t)5, 1810; (Jtlbert's Ann., 63. :i72, 1819 ; Ihthrsurhungen uber die .\tiHchnmj der Minsrolkdrper, 
Gottingen, 297, 1821 ; U. Si|iocz. Tschinnok s MtU, (2), 2. 388. 1880; Jl. Michel, ib., (2), 80. 
47.5, 1911 ; A. Scheit, tb., (2). 29. 26:1. 1910; C Gtnoliii, .\kad. Hnndl Htockholm, 171, 1816; 
J. J. Berzelius, .ifhend. Ktt Kemt Miti., 6. iHl, ISIS; Schu'evjger's Journ., 23. 284, 1818; 
L. J. Igelstrom, Grot For. Fork Htockholm. 7. 4, 1884; (J. llalliM'rg, ih., 16. 327, 1893; 25. 
424, 1903 ; A Henmg. tb., 21. :149. 1899 ; A. K. Nordi-nskjidd. ih., 16. 579, 1894 ; G. Flink, ih., 
28. 423. 1906 • H. llaga ami K. M. Jage r. Vcrsl. Akad Amsterdam, 23. 430. 1914 ; 38. 463. 
1916; w. Beck. Proc. Bush. Mtn. Hoc., 92. 1862 ; F. V. Smith. Auur. ('kern. Journ., 6 413, 
1885; B. Sadtler, tb., 4. .357. 1883 ; S. Haughton, Phil. Mag., (4), 82. 223, 1866; J. Fyerman, 
Neu' York Acad. Setmee. 14, 1889; J. 1< Smith, Amer. Journ. Hciencc, (2), 18. 380, 1854; 
J. M. Ordway, tb., (2). 32. 153, 3:17. 1861 ; K. A. Gentli. tb.,\2), 16. 81. 18.53; F. W. Clarke, 
ib , (3), 48. 187, 1894 ; Journ. Amer. Chem. Hoc , 20, 73!), 1!K)8 ; K. W. Clarke and G. SU'iger, 
Bull. fiS. Geol. Sur., 207, 1902 ; W. T. {4f‘haller. tb., 202,1895; J. A. L. ilenderKoii, Min. Mag., 
11. 318, 1897; A. B. de Fouroroy and L. N. \'au<|uelin, .I«h. Afus. Hvsi. Nat., 5. 317. 1805; 
H. do B^iarmont, Ann. Chim. Phys., (3), 33. 37, 111.54 ; ,J. Lemberg, Zeit. deiU. gcol. (hs., 22. 
353,1870; 28. 562, 1876 ; 29. 457, 1877 ; 35 557, 1883; A. Knop, /hr Kaiserstuhlim lirnsgav, 
I/cipzig, 83, 1892; F. Turner, Arsher. Pkysik Chemt, 8. 194, 1828; Kdin. Journ. Hciencc, 7. 
118, 1827 ; V. von Zej»harovieh, Mtyteralogisches Lexikon fitr das Kinsrrihum (hsUrreick, Wien, 
1 491,. 1859 ; 2. 3,59, 1873; 3. 20, 1893; F. Zamboniid, Atti Aexad. Najioli, 16. 1, 1908; 
H. A. Mien, Jifincralogy, London, 440,1902 ; A. Ruhsell, Mtn. Mag., 15. 382,1910; B. 'I'rolle, Phys. 
Zeit., 7. 700,1906 ; E. Banchieri, Atit Hoc. Toscjina, 24. i:i3.1908; G. SjH'zia, Atti Acc/td. Torino, 
30. 246, 1895; J. DalUm, A'eie System of Chemical /Philosophy, Manchester, 2. 536, 1810; 
R. C. Wallace, Trans. Cer. Hoc., 0. 172, 1910; Zetl. amwg. (. hem., 1, 1909; W. W. Coblentz, 
Investigations of Infra-red Spe.ctra. Washington, 8. 27, 1906; 4. 84, 1906; C. Kkoetsch, (Jeulr. 
Min.fZSB, 1921 ; J. Konigsberger, Abhnnd. Bayer. Akad., 28. 10, 1917; B. Jezek,*Zei^. Krysi., 
57. 667, 1923; D. Honeymann, Proc. Kom Scotia Inst., 6. 16, 1879; H. Louis, ib., 8. 15, 1879; 
T. L. Walker and A. L. Parsons, Untv. Toronto Oeol. Studies, 10, 1923 ; A. L. Parsons, t&., 17, 
1924; P. A. VDQ Sachsen-Coburg, Tsehermak'a Mitt., (2), 10. 451 1889; E. B. Knecr and 
J. Schdnfeld, Amer, Chem. Journ., 6. 413, 1865 ; Q. Rallberg, Zeit. Kryst., 424, 1896 ; (Jeol. 
Fdr. Fork. Stockholm, 15. 327, 1893 ; 0. Mugge, Neues Jahrb. Min., i, .50, J884. • * 

•• A. de Schulten, BuU. 8oc.. Chim., (2), 37. 449, 1882 ; P. Lebedcff, Zeit. anorg. CAem.. 76. 
301, 1911 ; H. Benrath, Betirdge zur C/temte des Olases, Dorpat, 1871 ; (J. Wagener, /Jingkr's 
Journ., 244. 405, 1882 ; 0. P. Plsttner, Die Probirkunst mil dem Ldlhrohre, Leipug, 1853; 
P. Eskola, Amer. Journ. Science, (5), 4. 331,1922. 

•• H. le Chatelier, Zeit. angew. Chem., 13. 820,1900 ; 20. 521,1907; Comjd. Rend., 129. 287, 
477, 1899; F. Fouqu^, t6., 108. 325,1889; BuU. Hoc. Mines, 12. '36, 1889; A. F. lo Chatellor, 
French Pat. No. 292947, 1899; German Pat., D.R.P. 112761, 1899; H. Davy. PAil. rraiw., 108. 
97, 1815; J. Smithson, Ann. Phil., 7. 115, 1824; J. B. L. Paasalacqua, Catalogue raisonni ei 



380 


INORGANIC AND THEORETICAL CHEMISTRY 


hiatorique dea uniiquiUa dic&tiverks en Egypte, Paria, 239, 661, 1826; L. N. Vauquelin, Ann. 
Chin, Phys., (1), 89. 88,1814; H. de Fontenay, Ann. Chim. Phys., (6), 2. 193, 1874 ; Dingler's 
Jmrn., 218. 84,1874; Compl. Pend., 78'. 908,1874; (Jhem. Sews, 29. 230,1874; W. J. Russell, 
Prat. Boy. Inst., 14. 67, 1893; W. M, F. Petrie, Medum, London, 44, 1892; F. C. J. Spnrrell, 
Arekftcd. Journ., 82. 222, 1895; W. Burton, Jonrn. Sat. Arts, 60. 594, 1912; A. P. Laurie, 
W. P. P. McLintock, and F. II. Miles, Prat. Hoy. IPk., 89. A, 418, 1914; C. R. Lepsius, rlFod. 
IFiss. Berlin, 21, 1871; Die MeUitPindenaeyyptisehrn Inechrijlen, BerUn, 1872; M. P. Vitruvius, 
De mehitutlura, 7. 91, c. 1 a.n. ; L. Bock, Zed. anyew. Vhem., 29. 228, 1910 ; J. P. J. d’Arcet, 
A. P. de Fourcroy, and L. B. (1. do Morvoau, Mim. Inst. Paris. 3. 46, 1800; G. Barth, Berman 
Pat., D.R.P. 107934, 1904. 


§ 28. Beiyllium or Oluciniim Silicates 

Ijcryllium forms an anhydrous orthosilicatc flicmictle- -nad a hemihydrated 
orthosilicate -ho'lrandilc; the orthosilicate, also forms a series of solid soln., with 
manganese, zinc, and ferroua silicates, known as trmimie. There is a dimorphous 
hydrated beryllium alkali silicate furnishing niJidyviilf, and epidymite; and a 
series of fluoriferons inetasilicates -UtKophanc and meliturphane. There are also 
the aluminosilicates exemplified by baryl. According to W. C. Iirdgger,i the 
minerals phenacite, trimerite, willemite, and dioptase form a morphotropic family. 

The mineral phenacite was discovered by N. von Nordenskjold in the emerald 
mines near Tokowaja, Urals. The crystals had previously been mistaken for 
quartz —hence the name from ijtemi, a deceiver. It has also been found near 
Miask, Ilmen Mts.; h'ramont, Vosges Mts.; Reckiugim, Switzerland ; Darango, 
Mexico; Topaz Butte, Colorado; in New Hampshire, Virginia, etc. Analyses 
have been reported by N. von Nordenskjold, C. G. C. Bisehof, L. A. Aars, 
C. F. Ranimclsherg, 8. L. Benfield, E. S. Sperry, K. Vrba, K. Chroustchofi, 
G. Seligraann, etc. The results show that phenacite is benUium orthosilicate, 
Be 2 Si 04 . 

A. Daubree synthesized phenacite by pasising a current of silicon chloride over 
beryllia at a red heat; C. J. St. C. Deville, however, tliought that the analysis 
of the product of this operation agreed more, nearly with betyllitun metasilicate, 
BeSiOj. G. Stein made the orthosilicate by fusing 2 inols of beryllia with a mol 
of silica in carbon or porwlain crucibles, and he obtained the metasilicate by 
heating a mixture of equimolar projiortions at 1(100°. J. J. Ebelnien fused silica 
and beryllia with borax, and obtained hexagonal crystals which E. Mallard found 
to have optical properties like phenacite. B. Hautefeuillc and A. Ferrey heated a 
mixture of silica, beryllia, and lithfuhi vanadate and carbonate, or lithium molyb¬ 
date for a long time at ()00°-7(W°, and obtained well-defined erystals. C. Doelter 
made crystals of phenacite by melting beryllium nitrate and silica with ammonium 
Huoride as ayent mitu-ralisalmr. W. Pukall made the meta- and ortho-silicates 
by heating intimate mixtures of beryllium hydroxide and silicic acid in theoretical 
proportions. F. M. Jiiger and H. S. van Klooster made the metasilicate in a 
somewhat similar way. 

Phenacite occurs in colourless, yellow, pale, rose-red, or brown crystals. The 
crystals were examined by N. von Nordenskjold, G. Rose, R. Hermann, G. Selig- 
mann, E. Beyrich, A. des Cloizeaux, A, Russell, M. Websky, W. H. Miller, 
W. Phillips, M. Henglein, J. C. G. de Marignac, 8. L. Penfield, W. E. Hidden, 
W. Cros^ arid W. F. Hillebrand, H. J. Burkart, L. Weber, etc. According to 
N. von Kokscharoff, the crystals belong to the trigonal system, and the axial ratio 
0 ; c is 1:0'661, and M. Websky gave 1:0'661958. C. Doelter’s crystals were 
short prisms. Penetration twinning occurs about the vertical axis; the cleavage 
is well marked. H. Haga and F. M. Jaget studied the X-radiograms of phenacite. 
A. von Lasaulx noted in the crystals liquid inclusions which still remain at 100°, 
and cannot therefore be liquid carbon dioxide. N. von Nordenskjold gave 2 969 
for the sp. gr.; A. Breithaupt gave 3 001; K. Chroustchofi, 2'945-2'986 ; and 
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W. Cross and W. F. Hillebrsnd, 2'967. According to G. Stein, the sp. gr. of the 
crystals of the orthosilicate is 2’46, and of the metasilicate 2’35. K. Chroustchoft 
gave 7-8 for the hardness. According to F. M. Jager and H. S. van Klooster, the 
m.p. of the metasilicate is over 1750^; and, according to G. Stein, the m.p. of both 
silicates is over 2000“. G. Spezia melted the mineral in the oxyhydrogen blowpipe. 
A. des Cloizeaux, W. Haidinger, and A. Olfret measured the indices of refraction. 
A. Offret obtained 0^; 

li-tUat Nft-Iioe. Oieea ca-Ilue. Blue Cd-llue. 

w . . 1-650‘J 1-6512 1-6670 1-6010 

. . . 1-6666 1-6700 1-6720 1 6770 

A. des Cloizeaux observed that at 100", the refractive index was increased by 
0 00108. The birefringence is higher than that of quartz, the crystals are optically 
positive. A. Fhringhaus and H. Bose compared the dispersion and double refrac¬ 
tion of the orthosilicates of zinc, beryllium, and copper with their mol. wts. 
W. Haidinger noted that the crystals are pleochroic, beipg colourle.ss tor the ordinary 
ray, and pale yellowish-brown for the extraordinary ray. T. LieBisch found the 
crystals phosphoresce feebly. W. G. Hankcl, and C. Friedel and A. do Gramont 
studied the pyroelectricity of the crystals. Acids do «ot attack the mineral. 
F. Cornu said that plnuiacite moistened with water resets feebly alkaline to litmus. 
W. Pukall found the meta- and ortho-silicates to be but sliglitly attacked by acids 
and alkaUes. 

According to (J. l-'lmk,^ tninvriU is a Swedish minoi-ul whoso analysis corresponds with 
birtlllmm mimjanene. otUumlu-iUe, He.Mn.SlO|; or w-itll a solid soln. of tho orthosilioates 
of beryllium, calciuni, and manganese. Tho triclinic crystals have tho axial ratios a :b : i: 
—0-6774 ; I : U-.7t2.7 ; or, pseiidohoxagonul a : c~ 1 : 0-6424. W. (t llrOggor gave 6-474' 
for tho sp. gr. The Jiardness is 6 7.* Tho indices of ii-fractioii for Li-, Na-, and Tl-hght 
are respis-tivoly «—1-7110, 1-7146, and T7I06: S -1717,‘t, 1*7202, and 1*7254 ; and 
y—1 7220. 1*7253, anil l*72!KI. 'tho bnvfrmgeiice y -a is 0 0106 ; and -y 6 is 0*0061. Tho 
optic axial angles 2f/ —120’- T, and 2K-~63- 26'. 

The mineral bertranilite was found by B. Bertrand 3 des environs de. Nartks, and 
it was named liy A. Daniour. Occurrences have been descrilied by A. Bussell, 
11. L. Bowman, (1. Barct, A. Lacroix, S. L. I’enfield, 0. C. Farrington ami 
E. W. Tillot-son, etc. Analyses reported by A. Hamour, S. L. I’enfield, B. 1’. Fili¬ 
penko, K. Vrba, and T. Vogt corre-spond with the idealized formula H^BesSijOg, 
or with hemihydiated beryllium orthosilicate, BoaSiOs^JlIaO, or, as P. Groth 
expresses it, with beryllium dihydroxydisilicate, (BeOlllgBcgdigO;, since water is 
evolved only at a red heat, and it is thereforieprobably present in hydroxylic form 
and not as water of hydration. Bcrtranditc is colourless or pale yellow, with a 
vitreous lustre. The crystals have been measured by E. Bertrand, S. L. Penfield, 
etc. K. Vrba showed that the rhombic crystals have tho axial ratios a.b'.c 
1-0*56988:1: 0*59142. Twinning occurs with axes crossed at about 60° and 120“. 
The cleavage is perfect. The optic axial angles 2// =118“; and 2F=74“91'34". 
E. Bertrand gave 2*593 for tho sp. gr.; K. Vrba gave 2*5963-2*6008; E. Scharizer, 
2*55; and S. L. Penfield, 2*598. The hardness is 6 0-6*5. The optical properties 
of the crystals have been examined by E. Bertrand, A. des Cloizeaux, B. Scharizer, 
K. Vrba, T. Vogt, S. L. Penfield, etc. Tho indices of rcfractiqn for Na-light are 
0=1*5914, j3=l-6053, and y=l-6148. Tho birefringence y—0=0*0231. The 
optical character is negative. S. L. Penfield found tho crystals are pyrpelcctrio. 
According to F. Griinling, the bessenbere/ile of G. A. Kenngott, and the sideroxene 
of F. Ilessenberg are varieties of bertrandite. 

A colourless and water-clear mineral found on the Island of Oevre-aro, Norway, 
was analyzed by W. C. Broggor,* and A. E. Nordenskjold. It appears to be 
beryllium lodinm bydromesotrisUicate, NaBeHSigOg. It was named eudidymite, 
from ei, easily; Si'Sepos, twin. The crystals are always twinned and of tabular 
habit. According to W. C. Brdgger, it forms monoclinic crystals with the axial 
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latioB a: 6 : c=l-7108:1; M071, and ^=93° 45J'. The sp. gr. is 2'648, and the 
hardness under 6 . Theoptioaxiahsngle2F=31° 4', and 2N=29° 43'. The indices 
of refraction for red light, sodium light, and thallium light are respectiyely 
a=l’54444, 1'54533, and 154763; )8=l-54479, 1-64668, and 1-64799; and 
y=l-64971, T65085, and 1-55336. 'The water is but incompletely expelled even at 
a red heat; a blast flame is needed for its complete expulsion. It is rapidly and 
easily decomposed by hydrofluoric acid, but, calcined or unoalcined, it is incom¬ 
pletely decomposed by hydrochloric acid, and then only with difficulty. G. Flink, 
and H. Sj3gren analyzed a white mineral from Narsasik, Greenland, and found it 
to have the same composition as eudidymite, but it furnishes rhombic crystals with 
the axial ratios a: b: c—1-7367 :1:0-9274. It was named sfididymile. Beryllium 
sodium hydrotrisilicatc is therefore dimorphous, but whether isomeric or polymeric 
is not known. The optic axial angle 27=31° 4'. The sp. gr. is 2-553; and the 
hardness 6 . The indices of refraction for Na-light are a=l-5645, jS=l-5685, and 
y--l-5688. The behaviour of the mineral on heating, and towards acids resembles 
that of eudidymite. ■ 

According to P. Ilautefeuille and A. Perrey, when the constituents of the alkali 
beryllium silicates are fused at 6OOM0O°, with an excess of potassium vanadate, 
mineralization occurs. *i'ho product after washing with water and dil. potassium 
hydroxide, can be separated into crystalline constituents by a soln. of cadmium 
borotungstatc of varying sp. gr. A aeries of potassium beryllium silicates, having 
KjO : BeO : SiO.) as 1:1:4, 1 : 2 : 4,1 :1:5, and 1:2:5, has been reported; 
similarly with sodium beryllium silicates, having Na : BeO: SiOj as 1:2:6, 1:2 :3, 
3:4 :15, 3:4:14, and 3:4:18, A. Duboin dissolved beryllia and silica in fused 
potassium, fluoride, and submitted the product to a prolonged fusion with 
potassium chloride. Ho obtained .products varying between 2 K 2 O : 3BeO : 7Si02 
and 2K20.3BoO,5Si02. 

C. W. Blomstrand * described a mineral he found in the crystalline limestone 
of Langban, Sweden, which he called barylite— from fiapik, heavy; Ai'dos, a stone 
The composition corresponds with Ba 4 Al 4 Si 70 . 24 ; and P. W. Clarke symbolized 
its composition Al(Si 207 .AlBn) 3 . G. Aminoff, however, gave the formula 
Bo 2 BaSi 207 , and said that (t. W. Blomstrand had mistaken beryllia for alumina 
in his analysis. This makes the mineral barium diberyllinm orthosilicate. The 
mineral occurs in groups'of white or colourless, prismatic crystals, more or 
less of tabular habit, and, according to M. Weibull, probably rhombic. G. Aminofi 
gave for tbe axial ratios of the rhombic cry.staldo : b : c=0-TO5:1 :0 8376. There 
are two distinct cleavages, forming an angle of 84°. The optical axial angle 
27=80° 54'. The sp. gr. is 4-027, and the hardness 7. The indices of refraction 
are a=l-691l, fl=l-69,)7, and )'==l-7028; and the birefringence, according to 
E. Dittler, is y—a=0-014. The optical character is positive. The mineral is not 
attacked by the ordinary mineral acids. 

The nuneral helvite or hot vine was Hrst described by F. Mohs,* and named hy A. G. Wemer, 
from tAios, the sun, in allusion to its yellow colour. Analyses were made by H. A. von 
Vogel, C. G. Gmelin, C. F. Rammelsberg, N. Teioh, N. von KokseharoS, R. Haines, 
B. E. Sloan, W. V. BrOgger, H. A, Miera and G. T. Prior, H. B&okstcOm, etc. The results 
have beerf discussed by C. F. Rammclsbeig, who gave (Mn,Fe)S. 3 (Bo,Mn,Fe)„ 8 i 04 i 
G. A. KonngoU gave MnS.3R,SiOj; V. M. Goldschmidt gave 3RBe8iO,.RS; and 
P. Groth, (Be,Mn,Fe) 7 S(Si 04 ) 5 . W. C. BrCgger andH. BhokstrOm made some observations 
on this subject. The idealised mineral is beryllium sulphostlleite, the actual mineral is a 
solid sob), with various other silicates. The mineral is usually yellow, brownish.red, or 
green. The crystals belong to the cubic system. The sp. gr., determined in many oasee 
by those who analyzed the mineral, range from 31(16-3-383. Tbe hardness is over 6. 
A. MioliehlAvy and A. Lacroix gave 1-739 for the refractive index. The pyroelectric 
properties were studied by W. O. Hankel, and J. and P. (Turie. When treated with hydro- 
ohlorio acid, hydrogen sulphide is evolved, and gelatinous sibca is formed. 

J. P. Cooke found a beryllium sulphosilieate in the granite of Rockmrt, Mass., which 
was called damlile after J. U. Dana. According to C. F. Rammelsbeig, amuses by 
J. P. Cooke, F. A. Genth, and H. A. Miers and Q. T. Prior correspond with RS. 3 R|Si 04 ; 
according to Q. A. Kenngott, with Zn 8 . 3 (Be,Fe,Hn),Si 04 ; and, according to P. Ocoth, 
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(Pe.ZD,Be,Mii)i 8 { 6 t 04 },. The gr. is 3’427, and the luurdnoM 5-6. With hydrochloric 
aoki, hydrogen eolphide » evolvM and gelarinous sUiM remaioa. 
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§ 27. Magnesium Ortbosilicaies 


The mineral lorsterite was first described by A. Levy * in 1824. It was named 
after L. Forster. The mineral was found as crystals and crystal aggregates 
in Vesuvian lava. Q. Strliver found it in the Baccano crater. Observations 


on Italian forsterite were also made by B. Mierisch, G. vom Rath, M. Bauer, 
F. Hessenberg and A. Seacchi, A. A. Ldsch; N. von KokscharoS reported 
it in a mine at Slataust, Urals; A. Knop, at Scholingen, Kaiserstiihl, Baden; 
A. Ilelland, at Snarum, Norway; and A. K. Coomaraswamy, at Kakgala, 
Ceylon. C. U. SliepaVd called a variety he found at Bolton, Mass., hqUmtile. 
Analyses were made by those just mentioned and by C. F. Rammelsberg, 
E. Weinschcuk, K. Thadd^otf, F. Zamboniui, H. Arsandaux, J. Ti. Smith, G. J. Brush, 
etc. B. Cohen found the mineral in a ijieteorite from Los Muchachos. Tho results 
correspond with magnesium oithosilicate, Mg.,Si 04 . J. J. Ebelmen reported that 
he synthesised crystals of forsterite, qui prhentent emetement les mSmes faces que 
Ir.s cnslaux du pindol du Vtsuve, by fusing a mixture of boric oxide, silica, and 
magnesia. The boric oxide simply served as a solvent of relatively low m.p., and 
it was evajmratod by a protracted heating at a high temp. G. Lechartier fused 
silica and magnesia ;ilong with calcium cldoridc; and 1’. Haiitofcuille operated 
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Fig. 83.-*Thennal Diagram of the Binary System : 
MgO-SiO,. 


with the same oxides 
and magnesium chloride. 
S. Meunicr heated magne¬ 
sium vapour to redness in 
a mixture of steam and 
silicon chloride. 

N, G. Sefstrom, W. A. 
Lampadius, J. A. Hcdvall, 
and 1’. Bcrthier heated 
various mixtures of mag¬ 
nesia and silica, and 
obtained more or less 
devitrified enamels. J. W. 
Cobb noted that the re¬ 
action begins below the 
m.p. of either component. 
W. Pukall also obtained 
the orthosilicate by heat¬ 
ing an intimate mixture of 
magnesia and silicic acid. 
G. Stein fused a mixture 
of the constituents at a 
temp, exceeding 2000° in 
an electrically heated car¬ 
bon tube furnace, and ob¬ 


tained crystals which mil dan des Mitmeds Fosterii dbereinstimmt. The f.p. curves of 
mixtures of silica and magnesia have been studied by N. L. Bowen and 0. Andersen. 
The results are indicated in Fig. S3. Both the ortho- and the meta-siheates can exist 
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in contact with the liquid. The maximum corresponding with the orthosilioate 
is at 1890° ± 20°; and the eutectic with magnesium oxide and the orthosilicate 
is at 1850“ ±20°, at which the mixture has 14 per cent, of msguosia, and 
86 per cent, of the orthosilicate. The eutectic with silica and magnesium 
metasilicate as solid phases has 12'5 per cent, of the former, and 87 5 per cent, of 
the latter, and the temp, is 1513° ±20°. For Ihe colloidal magnesium silicates, 
vide mpra, water-glass. 

The crystals of forsterite j)eloug to the rhombic system. They have been studied 
by W. H. Miller, Q. vom ^th, F. Fouque and A. Miohol-Levy, V. Goldschmidt, 
E. T. Allen and co-workers, A. Scacchi, F. Hessenberg, 0. Striiver, N. von 
Kobcharolf, etc. M. Bauer gave for the axial ratios a-.b: c—0-46476 ; 1: 0-58569. 
The cleavage after the (001 and the (010) faces is irerfect. The optic axial angle 
is large, being 86°. G. vom Kath ^ve 3-191 for the sp. gr. of forsterite; 
C. F. Rammelsberg, 3-243; K. Thaddeeff, 3 223; N. von Kokscharoii, 3-191; 
A. Holland, 3 22 ; J. L. Smith, 3-208-3-328 ; H. Arsandaux, 3 248 ; and B. Cohen, 

3 199. The natural crystals usually contain a little iron; H. Baekluiid’s sample 
from Slataust was very low in iron, and its sp. gr. was 3-191. J. J. Ebelmon’s 
synthetic forsterite had a sp. gr.3-237; N. L. Bowen and 0. Andersen’s, 3 216 ± 0-002; 
G. Stein’s, 3 21; and G. Lechartier’s, 3 22. The hardness 8f forsterite is between 

4 and 5. N. L. Bowen and 0. Andersen gave 1890° ± 20° for the m.p.; G. Stein 
said the m.p. is below 1900°, A. S. Dcleano gave 16(X)° for the m.p.; C. Doolter, 
1700° for the m.p., 1655° for the f.p., and 1785° for the temp, of formation. The 
indices of refraction have been determined by A. dos Cloizeaux. H. Backlund 
found for Na-light with a sample from Slataust, a =1-6361, j3=l-65185, and 
y=1-66975. N. L. Bowen and 0. Andersen gave a=1635, j3=l-661,and y=l-670; 
and birefringence 0 035 for Na-light; and E. T. Allen and co-workers gave o=l-645, 
^1=1-656, and y--l-668 all ±0-003; and birefringence 0-023. The crystals 
extinguish parallel to the ch;avage directions. The crystals are decomposed by 
hydrochloric .acid with the separation of gelatinous silica— vide olivine. W. Pukall 
said that his product gained only 2-58 per cent, after lying in water for 70 days. 

It is really difhcult to obtain minerals quite free from iron. The colours, ranging 
from pale cream, yellow, red, and brown to black, are usually produced bv iron 
oxide as the predominant tinctorial agent, for, as R. J. Hally remarked : “ When 
Nature takes up her brush, iron is almost always on her*palettc.'’ Forsterite may 
be white, yellowish-white, greyish-white, or greenish-white, and it sometimes 
becomes yellow on exposure to air, dWing to the oxidation/)! the “ ferrous ’’ iron. 
The white and colourless crystals—e.y. those fron^ Vesuvius—have been also called 
white olivine, or white perulote. The ferrous dxide in the published analyses of 
forsterite ranges from 0-22 up to 4-56 per cent.; with higher proportions, the mineral 
passes into chrysolite or olivine. There is, however, no sharp line of demarcation, 
It would appear as if fayalite, Fe 2 Si 04 , and forsterite, Mg 28 i 04 , are the terminal 
members of a continuous series of solid soln. 

Near the beginning of the present era, cArysofite—xpiwds, gold; Aidos, a stone— 
was referred to by Phny in his Historia 7uUur<dia (87. 42), and it is thought to refer 
to what is now called topaz, and his topaz refers to the present-day chrysolite. 
Some varieties of both are used as gem-stones. Chrysolite was referred to bv the 
older writers : J. G. Wallerius,^ A. J. d’Argenville, A. Cronstedt, J. B. L. Kom6 de 
risle, and F. de St. Fond. A. 6. Werner appUed the name oliviae, in reference to 
the olive-green colour of many specimens. According to R. J. Hatty, the term 
peridot is of unknown derivation, but it had been used lor a long time by the 
French jewellers for chrysolite. He showed that the three names referred to the 
one mineral. Q. Romanovsky’s glinkiU was shown by W. Beck to be nothing but 
chrysolite or olivine. V. Iskj^ studied the action of hydrochloric acid on glinldte. 
The term olivine is used not only for a specittc mineral, but also for a group of ferro- 
magnesian orthosilicates of the general formula R" 28 i 04 , The family includes 
fotaleriu, MgjSiOs; monticdlile, CaM^i 04 ; olivine peridote, or chryeolite, 
VOL. VI, , 2 c 
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(MgiFeIjSiO*; hortondite, (Fe,Mg,Mn)2Si04; faydile, F^SiOi; tephroite, 
Mn28i04; and roepperie, (Fe,MnZn)2Si04. Calcium orthosilicate is sometimes 
called Ume-olmne. 

Olivine is an essential constituent and characteristic mineral of many basic 
rocks. It is commonly developed in the less siliceous magmas and lavas. It is 
rarely found crystallized on a largffscale.but well-defined, small crystals arc common 
in basic crujitive rocks like basalt, limburgites, peridotites, and gabbros. It is 
less common in trachytes, andesites, and dacites. Olivine is the predominant 
mineral in some ultra-basic rocks, and, associated with diallage or bronzite, may 
form an olivine-rock. At the Dim Mt. in New Zealand, it is associated with 
chromite, forming a mass of rock called dunite. Olivine is a common constituent of 
meteorites. Numerous analyses have been reported.^ The silica in the analyses 
ranges from 36’72-42-81 per cent.; the magnesia, from 28'48-51’64 per cent.; 
and the ferrous o.xido, from 0’01-29'U6 per cent. If the formula be (Mg,Fe)2Si04, 
the ratio Mg: Fe ranges from 9:1 to' about 2:1. G. Cesaro agreed with 
G. Tsehermak in considcrhig olivine to be an o.xymetasilicate : 


A. Damour ^ described a pitidol tUanijire, or iitanoliviiie, of a deep yellow or red 
colour containing 5-6 per cent. TiO^. It was discussed by A. Lacroix, and 
L. Brugnatelli; its composition is represented (Mg,Fe)2(Si,Ti)04. 

1‘. Rerthier ^ first synthesized olivine by simply fusing a mixture of the con¬ 
stituent oxides. F. Fouque and A. Michel-Levy obtained it by fusing a mixture 
of magnesia, silica, and ferrous ammonium sulphate; A. Daubree, by recrystalliza- 
tion from fused meteorites, magnesian eruptive rocks, and serpentine; and also 
by the partial oxidation of an iron silicide and subsequent fusion of the product: 
V. I’oschl, fused mixtures of silica, iron carbonate, and magnesium carbonate. 
He also made a partial study of the binary system, Mg.2Si04-Fe2Si04 {vide infra), 
and of the ternary .system, Mg2Si04-Fe28i04-('a2Si04. (!. Doelter made olivine 
by fusing hornblende with calcium and magnesium chlorides; G. Lechartier, by 
fusing silica, magnesia, and calcium chloride and some iron compound ; 1*. Haute- 
fmiille, by fusing silica, nliigncsia, and magnesium chloride in a similar way ; and 
likewise also ,1. J. Ebelmeu, by fusing together silica, magnesia, non oxide, boric 
acid, and potassium tartrate. H. H. Reitct fused mixtures of albite, nepbalite, 
augite, olivine, and magnetite in different proportions, and observed that olivine 
separates along with several other minerals when the mass cools. C, Doelter 
obtained olivine among the products of the fusion of biotite, vesuvianite, tourmaline, 
clinichlore, and garnet. G. vom Rath found some crystals of olivine formed in the 
mantle of a blast furnace ; P. W. .leremileff, in some cast-iron; and J. H. L. Vogt, 
and F. VV. Riisberg, in some blast furnace slags. 

The colour of olivine is commonly olive-green, but it is sometimes brownish 
or greyish-red, or greyish-green; and its colour may change on exposure to air 
owing to oxidation of the ferrous iron. The lustre is usually vitreous. The 
crystals have been measured by G. vom Rath,® V. von Zepharovich, A. Scacchi, 
H. Traube, G. Rose, F. A. Quenstedt, W. Haidinger, M. F. Heddlc, etc. The 
crystals belong to the rhombic system, with axial ratios o: i>: c=0'4658 :1:0'5865. 
A. des Illoizeaux found the optic axial angle to be 87° 46'. F. Rinne and co-workers, 
N. Alsen and G. Aminoff, and C. Bemdt have obtained the X>radiogram of olivine; 
but the space-lattice has not been established. According to 0. Berndt, the 
elementary parallelopiped has the dimensions o=4’84xl(I“® cm., 6=10'40xl0^® 
cm., and c=6'IOx 10“® cm. The lattice is occupied only at the comers, and there 
are 4 molecules Mg2Si04 in each unit; it docs not appear to be either an ortho- 
or a meta-silicate, but rather 4(Mg0.Mg0.Si02). The speed of crystallization at 
different temp, has been measured by E. Kittl. He found that the speed ol 
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Kia. S+.-KHott of 
Temperature ou the 
Speed of Crystaltiza- 
tion of Olivine. 


4+-37 
3 910 


crystallisation shows a sharp maiimum at about 1370°, 20° above the temp, at 
which the crystallization of the glass begins; and "he estimated that in the crystal¬ 
lization of the glass MgFoSi 04 , there are 130,000 centres of 
crystallization per stj. cm.; with the glass SMgaSiOi.FejSiOi, 

4M,000 centres; and with 9 MgoSi 04 .Fc 2 Si 04 , 250 centres. 

The cleavage of olivine is distinct. Fig. 85 shows diagram- 
matioally a transversciscction of a prismatic crystal of olivine 
with obtuse angles 94° and acute angles 86°. The outer 
dotted line is the primary form. The broken lines are the 
rectangular cleavage. Most of those who have analyzed 
olivine also measured the spedflo gravity. In general, the 
sp. gr. rises with increasing iron content; thus : 

Per cent. PeO . 5 01 9 90 14 00 174.5 29 '96 

Sp. gr. 3-201 3-300 3 330 3 479 3-500 

There are a few discrepancies dependent, in part, on the nature of the impurities 
associated with the olivine. The hardness is about 7. *Tho 
m.p. varies markedly with the proportion of iron. The 
more ferruginous olivines arc decomposed at a high temp, 
and the ferrous oxide is transformed into ferrosic oxide. 

Hence, the m.p. determination loses its significance. V. Poschl 
found for mixtures of forstcrite and fayalite, i.e. of magne¬ 
sium and ferrous orthosilicates, 

MgjSO, . 190 90 80 70 00 per cent. 

Sp.gr. . 3-11 3 10 3 30 3 30 3 40 

M.p. mean 1000' 13.50’ 1332’ 1322’ 13.50“ 

K. Thaddecff, and A. .Moite3.sicr have studied the behaviour 
of olivine when heated in an oxidizing atm. The former 
found only three-fifths of the ferrous oxide was converted to ferric oxide. 
A. Brun’s value for the m.p., ojj. 17,50°, is too high; t). Doeltcr found 1360°-- 
1410°, for a specimen from Kapfenstein; 1395 ’-1430° for one from Sondmore; 
1,110 -1315°, for one from Bomma; and 1395°-14-15°, for one from Egypt. 
A. des Cloizeaux gave for the indices of refraction a=l-601, /3--=l-678, and 
y =1-697. U. Backlund, M. Stark, N. H. Magnusson, and 8. L. Penfield and 
E. H. Forbes investigated the relation between the proportion of contained iron and 
the optical properties. 11. Backlund gave the results indicated in Table XVI. 
M. Stark found the axial angle decreases with increasing proportions of iron. 
S. C. Lind and D. C. Bardwell found no changp a>f colour or thermoluminescenco 
when peridote is exposed to radium radiations. 
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Table XVI. —Effect of the Proportions of Iron on tue liKiRAcrivK Indices op 

Ol.IVINK. 


Occurrence. 

Molar i>cr 
cent, FejSiOi 

a 


y 

ira 

Ural . 

012 

1 8381 

1-6619 

1 *8898 

0 0337 

Somma 

2 2U 

1 8388 

1-8544 

1*8719 

t)*0323 

VVind Matroy 

7-30 

1 -8607 

1 -8689 

1 *8858 

0*0349 

Kosakof! 

9-48 

1-8628 

1-6891 

1*8884 

0 0368 

Kapfonstdiin 

Vesuvius 

9 37 

I -8633 

1'6705 

1*8887 

0*0364 

9-8H 

1 8648 

1-87J9 

1*8919 

0;037l 

Pallaeeisen . 

12-48 

1-8582 

1-8726 

1*8921 

0 0369 

Kammerbiihi 

16-42 

1-8849 

1*8830 

1*7016 

0 0388 

Vesuvius 

17-26 

1-6674 

1*8882 

1*7063 

00379 

Itkai (gUnkite) 

19-85 

1-0894 

1 *8878 

1*7067 

00373 

SkujTuvasely 

22-63 

1*6776 

I *8974 

1*7183 

0-0388 

Limberg (hyalosiderito) . 

33-92 

— 

1-7278 

1*7428 

HortonoUte . 

87-45 

1 7884 

1*7915 

1*8031 

0-0347 

Fayalite 

98*40 

1*8230 

1 *8642 

1 8736 

0-0500 
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F. von Kobell found that olivine ia gelatinized when treated with sulphuric acid. 
Olivine is quite soluble in cone. hydrocUoric acid, and the most ferruginous varieties 
dissolve fastest. The silicic acid which separates is granular. G. Tschermak said 
that it is meta- not ortho-silicic acid. V. Iskyul studied this subject. G. Lewin- 
stein found that there is a 22'6 per cent, undissolved residue when olivine from 
Ihringen is treated with hydrochloric acid; and he analyzed the part which passed 
into soln. C. F. Ramraelsberg made some observations on this subject. 

F. W. Clarke and E. A. Schneider treated olivine at 383°-412° with dry hydrogen 
chloride, and observed but a small proportion to be decomposed. G. A. Kenngott, 
and F. Cornu observed that powdered olivine has an alkaline reaction. R. Miiller, 
E. W. Hoffmann, and A. Johnstone found that olivine is decomposed by carbonated 
water. H. Ia)tz studied the effect of air charged with sulphur dioxide on olivine. 
E. C. Sullivan studied the basic exchange which occurs with olivine in contact with 
sqin. of cupric sulphate. V. Iskyul studied the solubility of silica in forsterite, 
olivine, and glinkite. Olivine readily weathers on exposure; serpentine and 
talc appear to be formeB. The subject has been discussed by S. Hillebrand,^ 

G. Tschermak, P. V. von Jerem^eff, B. Kolenko, W. Lindgren, J. F. Gmelin, 

K. A. Rcdlich, F. L. Hess, J. Roth, K. Busz, F. Becke, C. G. C. Bischof, 
A. E. Tdrnebohm, C. R. van Hise, A. M. Finlayson, etc. C. Madelung,* 
J. R. Blum, and C. Doolter described the partial conversion of olivine into 
carbonate. 

Tlie mineral villarsite fouiul by A. Dufr6noy at Traversella and named after M. Villars 
is a serpentinizod olivine. Jt has also boon deflcribed by L. K. Fellenberg, L. Heftter, 

L. Duparo and F. l*eareo. A. baoroix, A. des {’loizeaux, and \V. T. Schaller. The so-called 
iil/lingoite is possibly a similar product.*® M. F. Hoddle ** described a mineral which he 
callfxi/firrih'. It was considorod to be an olivine largely transformed into ferric oxide, etc. 
Similar products were described by A. Moitessior, F. Gomiard, K.Thadd^off, and A. Liebrich, 
The nuUricile of N. 0. Holst ** found at Krangrufva, Sweden, is a variety of olivine which 
has been weathered. 
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§ 28 . Magnesium Metasilicates 

Magnesium metasilirafe infroduce.s two rla-ssos of minerals- - the pyroxenes and 
tlie rtmphiboles. The name pyroxene was originally applied by R. J. Haiiyi to 
some greenish crystals wliich had been found in tbe lavas of Vesuvius, Etna, and 
Auvergne. He intended to indicate that the crystals were only accidentally caught 
up in thp lavas which contained them—wop, fire; ^c'l'o?, a stranger—but in reality 
the pyroxenes come next to the felspars in their abundant distribution in igneous 
rocks. Many different minerals have been called pyroxene, and the term is now 
used for a whole group of minerals which have a cleavage of about 88®, and which, 
exceptkig where they contain alumina, have the general mctasilicato formula 
M'^SiOs- These minerals also pass into one another by a continuous series of solid 
soln. They include minerals belonging to three different systems. 

The rhombie pyroxenes inoludo enstatite-, MgSiO,; bromiie and hypersthene, 
(Mg,Fe)8iOj. Tlie mOQOeliQle pyroxenes include vDoUastonite, CaSiOj; diopeids, 
Mg(^a(8iOa)|; sahlite, (Mg,Fe)Ca(SiOj),: hedenbergite, FoCa(SiOj}i; schefferite, 
(Mg.Fe}(Ca.Mnl(SiO,),: jeffersoniie, (Mg,Fe.Zn)(Ca,Mn)(SiO,),; augite, (Mg.Fe^a(SiOi)i; 
/{usaiie, (Mg,F©)(Al,Fe)|SiO|; spodumme, (Li,Na)Al(SiOj),; acmite, NaFe(SiOj)i; and 
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pcctolifc, Na,Ca,(SiO,)|. The tlleUlIS pyionoM inolude rAodonifa, MnSiO,; butlamHc, 
(Mn,CB)SiO,; fowlerite, (Mn,Fe,Ca,ZB)SiO,; babington^ {Ca,Fe"*M>»iF6'",)(Si0j)j. 

The. term smphibole— iiom doubtful—was applied by I{. J. Haily 

to replace schorl, an old mining term previously applied to black tourmaline, 
hornblende, etc. The word is now used for a whole group of minerals related to 
the pyroxenes in being represented, except where alumina is present, by the general 
metasilicate formula ir'SiOs, and they Ukewise pass one into the other by a aeries 
of solid soln. The cleavage angle of the amphiboles is about 57° instead of 87° 
as with the pyroxenes. Like the pyroxenes, the amphiboles include minerals belong¬ 
ing to three different systems. 


The rhombio amphiboles are rare. They include ant1w>phyllite, (Mg.FelSiOj; and 
gedritC; 2(MK,Fe)SiO,.MgAI,SiOj. The monoollnle amphiboles are eonmioii. They 
include cummini/lonite, {Fe.MglliiOj; dannevwrite, (l'’e,Mg.Mn)SiO,; rirUeritr, 
(K„Na,..Mg,t'n,Mn)SiO, ; Ireimlitr, MgjCB(SiO ,)4 i acltmhle, (Mg,Fo),('n(SiOj), ; horn- 
blende, (Mg.FeljCaiSiOa),; edenite, NajAIi(SiUj)|; pargaeite, (Mg,Fe)j(.Vl,l''e) 4 (Si(l,)|; 
arjvedeontte, (Naj.Ca.FelilSiOj),, and f(’a,Mg)|(AI,Fe)|(Si 04 )f. and the ivlatrvl harh-mlcite ; 
glimeophane, NaAlSi,0„ or (Fe,.\lg)Si(), ; nebrekUr, Iful''eSi,0,j jmlcilr, NaAI(Si()j),. 
Trlollnlo amphlbole is rare, and is representorl by ieniginatlu,, Na4Fo,(.41,Fo)j(.SiTi)i,0,,. 

According to E. T. Allen and co-workers,2 magnesium* metasilicate, MgSiO;|, 
is tetramorphous. The, different forms represent the end-members of four series 
of solid soil!, represented by natural minerals. Two belong to the pyroxene family, 
and two to the amphibole family. Each of these families is represented by 
magnesium metasilicates which crystallize in the rhombic and monocliuic systems. 
They can be classed ; 


Magnesium motasilicates 


|Pyroxonic 

I.Amphiholic 


f rhombio. 

1 monoclinic . 
I rhombic 
1 monochnio . 


Enstatlte 

Clinoenststlte 

Anthophylllte 

Clinoantbophylllto 


A filth rhombic form, called a-mayncsium mclasiliceUr, was reported by E. T. Allen 
and co-workers to bo an cnantiomorphic variety of ordinary clinoenstatite, wbicli 
they called p-maynesium metasilicate. The, transition temp, was given as 130.5°. 
N. L. Bowen and 0. Andersen, however, showed that the alleged a-MgSiOs is really 
a product of the dissociation of clinoenstatite at 1557°, being therefore magnesium 
orthosilicatc, i.e. forstcrite, and not a form of the mctasilicate : 2 MgSi 03 ?^Mg 2 Si 04 
SiOa. On account of the breakingmp of clinoenstatite into forstcrite and liquid, 
there is no eutectic between these two compounds. Fig. ICX); but, on cooling the 
liquids, there is a complete or partial re-solutian" of forstcrite at 1557°, and clino- 
eustatite is formed. 

Native magnesium melasilicatc free from iron is scarce. The name enstatlte 
was applied by 0. A. Kenngott to a white, yellowish, greyish, or greenish white 
mineral which he found in the Zdjar Mt., Moravia, and which had been previously 
regarded as seapolite. The term enstatlte—<V(rrurT(s, an opponent- was intended to 
refer to its refractoriness. Ho noted the close chemical relationship between it and 
the rhombic p 3 :roxenes: bronzite, and hypersthene. The dark brown, or greyish, or 
greenish-black mineral designated labradorische HornUende by A. G. Werner, and 
li. A. Emmerling, was recognized by R. J. Haiiy, in 1803, to be different from 
hornblende, and he accordingly renamed it hypersthene, from vwip, very; aStvot, 
strong, in reference to its exceeding hornblende in hardness or tougnness. Ho had 
previously called the mineral diaU^e miUdlmde. A. G. Werner named thd bypet- 
sthene from Paul Island, Labrador, paulUe, The term bronzite was used by 
D. L. G. Karsten and M. H. Klaproth for a mineral with a bronze metallic lustre 
obtained from Styria. B. J. Hatty referred to it as being une mriiti fibro-hmimtire 
mitaUmde i rejlcls hrotah. A. Breithaupt, F. Mohs, E. F. Glocker, W. Haidinger, 
J. F. Hausmann, C. Hartmann, etc., referred paulite and bronzite to the same 
mineral species. 
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Abotit 1860, Q. vom Rath described crystals of a rhombic pyroxene which he obtained 
from the volcanic ejecta at Lake I^aach, and which he called amblysiegite—ifipX^s, blunt; 
ar^Yi), dome, in reference to the form of tho crystals. He later identified this with 
hypersthene. 8. Meunier called the enstatite from a meteorite at Deesa, Chile, victorite, 
in honour of Victor Meunier. C. U. Shepard described crystals of what he regarded as 
magnesium trieiiicate, and named rhladnite, which he found in a meteorite at Bi^opvillo, 
South Carolina. The observations of 0. 8. von Waltershausen, J. L. Smith, C. F. Rammels- 
berg, and (I. A. Kenngott showed that chladnite is essentially enstatite. O. Rose called 
the mineral shfj/ardiU, but this term had been previously applied to another mineral by 
W. Haidingor in 1847. 0. Tschermak separate from tlie same mineral a ferruginous 
pyroxene, like bronzite, which he named diogenile, after Diogenes of Apollonia. The 
of A. Koch, and A. von Losaulx was shown by J. A. Krenner, and F. Koch to be 
hypersthene. The schiller-spar of Baste in tho Harz, etc., was described by M. F. Heddle, 
F. W. H. von Trebra, C. Heyer, F. Kbhler, J. F. Gmelin, J. C, Freiesleben, W. Hetzer, 
F. Pisani, D. L. G. Karston, L. A. Emmerling, R. J. Haiiy, A. J. M. Brochant, J. F. Haus- 
mann, G. A. Kenngott, K. Joliannson, A. flroitliaupt, A. G. Werner, F. Mohs, etc. 
W. Haidingcr chIIckI it hastite. G. Rose showed tliat schiller^spar is probably an alteration 
pixxluct of a mineral of the pyroxene group. This was confirmed by F. Kbhler, 
J. A. Drappicr, H. Girard, A. Baeiitsoh, an<l A. Strong. The fresh mineral was called 
protobastite. and regarded as* being allied to bronzite, M. Websky, G. Tschermak, and 
HI Rosenbusch showed that there are no real reasons fur regarding protobastite and enstatite 
as distinct mineral Bpe<'ies, A. l-ln'ithaupt applied tho term phastine to an alteration pro* 
duct of bronzite or a bronzo-like pyroxene. A similar view was taken by A. des Cloizeaux, 
(i. Twihennak, and H. von Drasebe. A yellow pyroxene with a mother-of-pearl lustre, 
obtained by A. Breitboupt from tlie serpentine at Matrey, Tyrol, etc., was called diaelase 
— or, according to .7. F. Hausmann, diaclasile —6ti, through ; x^ootoj, broken. 
A. G. Werner called it. HchiUtmUin ; J. C. Freiesleben, yellow schiller-spar; R. J. Haiiy, 
diallagt vtrle; and J. F. Hausmann, falc-liko hornblende. F. Kbbler, A. Strong, 

F. Raminelslwrg, A. des (Uoizeaiix, M. Websky, etc., made some observations on the 
mineral and co-ordinatod it with enstatite or liypcrstheno. Tiie gemarik of A. Breithaupt 
is a slightly altoreil byperathone. J. L. Smith ajiplied tljo tonn peckhmnte, after S. F. Peck- 
iiani, to 8<imo rounded nodules he found in the meteorite of Estherville, Iowa. It is not 
clear if this is a mixture of enstatite and, say, olivine. G. Tschermak gave the name 
grahamile. to tlio mixture, presumably, of plagioclase, enstatite, and olivine, which occurred 
in a meteorito from Sierra do Chaco; and S. Meunier, logronite. to that in a meteorite at 
Barca, Ixigrono, Sf>ain. C. U. Shepard found what appeared to be a hydrated bronzite 
which lie called antilUk.. Its composition approacliod that of serpentine. 

C. Hintze has given a list of the many places where enstatite, bronzite, and hypersthene 
have been reporttnl, and tlioy include nearly all countries on earth—in England and 
Scotland,* Germany,* Hungary,* Austria,* Italy,^ Portugal,* Spain,* France,** Santorin,^ 
Norway,'* Swe<lcn,'* Finland,'* Urals,'* Siberia,** Russia.'’ Cracow,'* Persia,'* Sumatra 
and Borneo,** Japan.*' South America,** United States,** Cana<la,** Labrador,** Green¬ 
land,** Africa.*’ ami New Zealand.** The occurrence of enstatite, bronzite, or hypers- 
thono in meteorites has been investigated by C. U, Shepard,** N. S. Maskelyne, 
0. Tschermak, etc. , '* 

Analyses are given by most df'the authorities quoted in connection with the 
occurrence of the mineral. The magnesia content of enstatite varies from 29*7“ 
41*8 per cent.; the silica from 54*0-62*1 per cent.; the ferrous oxide from 0*21- 
4*5 per cent.; the alumina from mere traces up to about 3 per cent. A little alkali, 
manganese oxide, nickel oxide, clironiic oxide, sulphate, phosphate, carbonate, and 
water may also be present. In bronzites and hy|>er8thene8, the magnesia ranges 
from about 15--36]>er cent.; the silica fromabout50--58 per cent.; the ferrous oxide 
from 5-25 ])cr cent.; the aluniino from mere traces to about 5 per cent., although 
there are* a few with ahimina ranging up to that of the aluminous pyroxenes, say, 
10 per cent. Eliminating wliat are thought to be accidental contaminations, there 
appears to be a continuous series of solid soln., with magnesium metasilicate and 
ferrous metasilicate as terminal members. The term enstatite is applied to the forms 
near the magnesium silicat e end of the series. There is no sharp line of demarcation 
between enstatite and hypersthene. Bronzite is usually considered to be inter¬ 
mediate between enstatite and hypersthene; but, the affixing of a lower limit for 
the proportion of ferrous oxide for bronzite and hypersthene is quite an arbitrary 
convention. Tho general formula may therefore be written (Mg,Fe)8i08; and in 
the tables of analyses, the ratio Mg: Fe in enstatite, and bronzite ranges from 8:1 
to about 3:1; while in hypersthene, this ratio falls from 3:1 to nearly 1:1. Some- 
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what similar suggestions were made by A. des CloiseauxA” G. A. Kenugott, 
G. Tschcrmak, etc. C. Hintze considers the two minerals enstatite and byperstheiie, 
and applies the term bronzite only to those varieties showing scbillerization. 

E. T. Allen, F. E. Wright, and J. K. Clement prcpar^ rhombic enstatite, or 
magnesium metasilicatc free from iron oxide, by suddenly quenching the thoroughly 
molten metasilicate glass in water ; and afterwards annealing the glass in fragments 
of about 10 grms. between 1000° and 1100°. The crystallization begins at the surface 
and proceeds inwards with a rise of temp. The outer portion contracts, and 
squeezesout the liquid interior,forming hollow,rounded projectionswhich crystallize 
last. If the temp, be 1125° or higher, the rhombic enstatite is accompanied by the 
monoclinic form, and this the more the higher the temp.; over 1300°, nearly all 
the product is monoclinic. M. Schmidt claimed that when the glass is rapidly cooled 
the monoclinic form predominates, anS if slowly cooled a smaller proportion is 
formed. E. T. Allen and co-workers also point out that the alleged syntheses of 
cpstatite by J. J. Ebelmen, P. Hautefeuille, and S. Meunier were afterwards shown 
by F. Fouque and A. Michel-Levy, and J. H. L. Vogt, "to be really clinoenstatite. 
A. Daubree melted portions of meteorites, but obtained crystals too opaque to 
determine their optical properties—monocliuic or rhombic. He also melted a 
mixture of olivine and 15 per cent, of silica, and obtained a fibrous mass with the 
properties of enstatite. E. T. Allen and co-workers, however, found that clino¬ 
enstatite is formed under these conditions. F. Fouque and A. Michel-Ldvy prepared 
rhombic enstatite, mixed with but a small amount of the monoclinic form, by melting 
and rapidly cooling a mixture of 12 grms. of silica, 3 grms. of magnesia, and 5 grms. 
of ferric oxide. The cold cake contained arborescent crystals which developed into 
needles with parallel extinction when reheated at a temp, just over the m.p. of 
copper. J. Morozewicz obtained rhombic enstatite in his experiments on the 
synthesis of basalt. .1. H. L. Vogt, and W. Wahl suggested that the production of 
the monoclinio form is favoured by the presence, of ferrous oxide, and calcium oxide. 

The colour of the crystals is largely determined by the contained iron and 
varies from a brownish-green, olive-green, greenish-brown, or black, or greenish, 
greyish, or yellowish white. The lustre may be glassy, mother-of-pearl, or metallic. 
The enstatite prepared by E. T. Allen and co-workers was obtained only in fibrous 
aggregates and radial spherulites which did not admit of the measurement of the 
morphologic constants. The direction of elongation of*the fibres in the spherules 
was not that of the prism axis, but parallel to that of the greater ellipsoidal axis. 
The erystals of the minerals enstatite, bronzite, and hyperstlwnc have been measured 
by C. F. Rammelsbcrg, B. Weigand, F. Becke, H. Bucking, H. Soramerlad, A. deg 
Cloizi'aux, A. Schmidt, J. A. Krcnner, G. II. Williams, W. C. Brogger and 
H. 11. Rensch, H. Rosenbusch, Y. Kikuchi, N. V. llssing, V. von I^ng, etc. 
According to G. vom Rath, the rhombic crystals have the axial ratios a:h\c 
=0'97133 :1:0 57000. E. T. Allen and co-workers found the cleavage of artificial 
enstatite to be well marked, making an angle approximately 90°. The optic axial 
angle ranged from 44°-70°. G. Tschcrmak found the axial angle depends on the 
proportion of contained iron. Thus, for yellow light (and for red light in the case 
of those marked ♦): 

Percent. FeO . 2'76 5-77 9'86 16 14 19-70 27 70 33-flO 

Axial angle . . *133“ 8' *123° 38' 106“ 81' 98° 0' 84° 18' 79° 48' 69“ 20' 

According to A. des Cloizcaui, raising the temp, to about 75° prodqped no 
perceptible change in the angles of the optic axes. C. Berndt studied the 
Z-radiogram of olivine. E. Kittl found sharp maxima in the variation of the 
speed ol crystallization of bronzite and hypersthene with temp, as illustrated 
in Fi^. 86 and 87. He estimated that during crystallization with magnesium 
metasibcate there are 930 centres of crystallization per sq. cm.; with bronzite, 
14 per sq.cm. 

The qiedflc gravity of artificial enstatite, free from the monoclinic variety, was 
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lound by E. T. Allen and co-workers to be 3'] 75 at 25°. The sp. gr. of many of 
the specimens of enststite and bronzito, indicated above, were determined, 
and, as a rule, the sp. gr. has a tendency to rise as the proportion of the contained 
iron increases: 


Per cent. FoO . . . 0 90 6-44 IS'O 19’84 26-93 

Sp.gr. .... 3-217 3-308 3333 3-487 3-631 

t 

There arc, however, many apparent exceptions due to,the prc.sence of impurities, 
differences in the method of determination, etc. The hardness ranges from 6-6. 

L. H. Adams and E. D. William- 



Pins. 86 and 87,—Kffect of Temperature on the 
Speed of Crystallization of llronr.ite and Hypers- 
thane. 


son found the compressibility of 
enstatite, (MgSi 04 )jj(FeSi 03 )i 2 , to 
be ^=1-03x10“® between 0 and 
10,000 megabars press.; and for by- 
persthene, (MgSi 03 ) 7 (,(FeSi 03 ) 8 p, 
13---1-01X 10“® between 0 and 
10,000 megabars press. J. Joly 
gave 0-179 for the specific heat of 
hyperstbene between 13-3° and 
100°; and R. Ullrich, 0'1914 
between 19° and 98°. W. P. White 
gave for the mean atomic heat of 


magnesium motasilicatc, MgSiOs, 
4-42 at 100°; 6-26 at 300°; 6-62 at 500°; 6-87 at 700°; and 6-04 at 900°. E. T. Allen 


and co-workers gave 1521° for the melting point of artificial enstatite. C. Doelter 


gave 1380°-14()0° for the m.p. of enstatite ; and 1.3.30°-1.380° for bronzite; J. Joly 
gave for bronzite, 1.300°; R. Cusack, 1295°; and A. L. Fletcher, 1345°. 
V. 8. pdeano gave 1500° for the m.p. of enstatite; and Y. Yamashita and 
M. Majima gave 1459° for the m.p. of bronzite. According to N. L. Bowen and 
0. Andersen, magnesium metasilicatc has no true m.p. where solid MgSiOs is in 
equilibrium with a liquid of its own composition. There is a strong absorption of 
beat at 1557°, but this is not the m.p., for at that temp, the mctasilicate dissociates 
into the orthosilicatc and liquid; ami the ibssolntion of the forsteritc is completed 
only by raising the temp, to about 1577°—viV/e Fig. 98. R. Lorenz and W. Herz 
studied the relation between the m.p. and the transition temp.; and V. 8. Deleaiio, 
the softening temp, of mixtures of magnesium'ortho- and ineta-silicates, and found : 


IVeent. Mg,SiO, . 80 -.CO 40 30 20 10 0 

Softening temp. . . 1040“ 1005” 1620° 1480” 1600” 1605” 1600“ 


H. T. Allen and co-workors found the indices ol refraction of artificial enstatite 
tn be 0-^1-640, j3--l-646, and y—1-652, each + 0-004. The birefringence is not 
strong, about 0-01. The optical character of enstatite is positive, that of hypcrstheiie, 
negative. The extinction of enstatite is parallel, while that of the monoclinic variety 
is oblique. E. Mallard gave for the mineral from Zdjar Mt., Moravia, with 2-76 
per ccnl;. FcO, a--1-656, j8=l-659, and y=l-665; and A. Michel-Levy and 
A. Jjacroix, for a sample from Paul Island, Labrador, with about 22-6 per cent, of 
iron, 0—1-692, j3=l-702, and y=l-706. W. W. Coblentz found the ultra-red 
transmission spectrum gave a large absorption band at l-85p, and smaller depres¬ 
sions at 2-9jii and 5-2ft. The reflection spectrum shows a small maximum at 9-lp. 
The pleocbroism is dependent upon the proportion of contained iron; it is scarcely 
perceptible in samples free from iron, 6. Tschermak found that with a sample 
from Paul Island, with about 22 6 per cent, of FoO, o is hyaeinth-red ; (3, reddish- 
yellow ; and y, greyish-green; F. Beckc gave for a sample from Bodenmais, 
Bavaria, with 18 6 per cent. FeO, a, dark reddish-brown; (3, yellowish-brown; 
and y, dark green ; while G. Tschermak gave for a sample from Kraubat, Styria, 
a, greenish-yellow; grass-green ; and y, bluish-green. H. Rosenbusch also die- 
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cussed this subject. The sofailleiiiatioa of the surface has been described by 
B. Kosmann, P. Trippke, H. Kosenbusch, and J. W. Judd. The tchiller is an inter¬ 
ference effect generally attributed to the presence of very thin films or scales of 
o.rides or hydroxides of iron in the cleavage cracks— vide felspar. 

Hydrochloric acid has but little action on enstatite, but the effect becomes more 
and more marked as the proportion of iron increases. N. S. Maskelyne found that 
after an hour’s digestjon of a sample of enstatite from Bustee with HCl-j-HjO, the 
liquid had 7 78 per cent, of piatter in soln.; 20 hrs.’ digestion of two other varieties 
gave 9'41 and 12'68 per cent.—in the latter case, the sample was more ferruginous 
than in the former case. E. Cohen found that by 48 hrs.’ digestion with fuming 
hydrochloric acid, 13 per cent, passed into soln. C. Doelter passed hydrogen 
chloride over red-hot enstatite and anthophyllite, and only in the latter case was 
matter produced which was soluble in ^ater. C. Doelter digested enstatite and a 
10 per cent. soln. of sodium hydroxide in a sealed tube at 180° lor 9 weeks, but no 
appreciable solvent action was observed ; with 12 hrs.’ digestion in a 12 jier cent, 
soln. of potassium hydroxide, 4 84 per cent, was dissolved.. The silica content of 
the residue decreased, while the manganese content remained unchanged, and the 
water content was raised about 4 per cent. By digesting artificial enstatite in 
2 .lA'-NaOH, about 4 per cent, passed into soln. in 4 hrs. E. C. Sullivan studied 
the basic exchange which occurs with olivine in contact with a soln. of cupric 
sulphate, t'. U. van Hise discussed the transformation of bronzitc and hypersthene, 
into talc by the action of water, or carbonic,acid. C. Sinimouds found hypersthene 
to be only partially reduced by hydrogen at a red heat. 

As indicated above, the early syntheses of enstatite really produced monoeliuic, 
not rhombic, crystals. J. J. Ebelmcu fused a mixture of silica, magnesia, and boric 
oxide. A. Daiibree fused meteorites; magnesian eruptive, rocks; mixtures of 
olivine and silica; and serpentine. W. I’ukali obtained what was probably 
clinoenstatite by heating the right proportions of magnesia and silicic acid in a 
silver crucible. P. Hautefciiille dissolved amorphous silica in molten magnesium 
chloride. S. Meiinier acted on magnesium vap. with silicon chloride and steam. 
F. Fouque and A. Michel-Levy, ,1. II. L. Vogt, and E. T. Allen and co-workers found 
that in all these cases the main product is monoclmic pyroxenic enstatite; or, 
using the term suggested by\V. Wahl, clinoenstatite. H. Michel detected clino- 
enstatite in meteorites. G. Zinke made it by fusing nfixtures of magnesium and 
ferrous metasilicates. He found that bismuth oxide, magnesium fluoride or chloride, 
or calcium fluoride had no effect as aqfnt miniralizateur. E. J'. Allen and co-workers 
found that clinoenstatite is the most stable form of magnesium metasilicate. It is 
formed when the metasilicate glass is allowed td crystallize at a little below 1521° ; 
and that it can be crystallized at lower temp, from soln. in molten sodium vanadate, 
magnesium vanadate, or magnesium tellurite. The three other forms of magnesium 
metasilicatc pass into this variety when they are heated in molten magnesium 
chloride to about 100(1°, and in a stream of dry hydrogen chloride. N. L. Bowen 
and 0. Andersen studied the synthesis of clinoenstatite. 

The crystals of clinoenstatite obtained by these different processes are usually 
small; those obtained from the glass appear as large spherulitio masses of radiating 
fibres. E. T. Allen and co-workers found that monoclinic crystals have the axial 
ratios o: b : c=1033 :1 :0'77 when those of rhombic crystals arc 10308; 1:0’5886, 
F. Zambonini said that the crystals of clinoenstatite are identical with those of 
enstatite having the axial ratios a ; 6 : c=10331:1 :0'591 and ^=90° 4^°; but 
F. E. Wright does not agree. There is almost Slways polysynthetio twinning after 
the orthopinacoid; and it is very characteristic. Between crossed nicois, the 
sections frequently very closely resemble those of plagioclase. The desvage is 
prismatic like that of the pyroxenes. The plane of the optic axes is normal to the 
(OlO)-face, and in the plane of the elinopinacoid. The optic axial an^ is large; 
F. E. Wright and E. S. Larsen found 53-5°. The speciflc gravity at 26°/25° is 
3'192. The m.p. is indicated in connection with enstatite. E. T. Allen and 
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co-workers give 6 for the hardness ; and for the indices of refiraotion, a=l*64 
j3=l‘652,and y=l’658, each+OOOS; N.L. Bowen and 0. Andersen gave a=l*65 
and j3—1*660, each +0‘00i. The birefringence is about 0*01. The eitmcdoj 
angle on the clinopinacoid is very low for a pyroxene, and for crystals with poly 
synthetic twinning—as is the case with felspars—the extinction angle 19'5®-24*5' 
was obtained by using the symmetrical extinction angles of adjacent lamellffl 
The crystals are only slightly attacked by acids. W. Fulfill observed that no 
hydrate is formed when the raetasilicate hes under water for some time. V. IskyuJ 
studied the action of hydrochloric acid on enstatite, and bronzite. 

J. A. Mirhaelfion ** obtained a yellowish or roddish-brown, aiigite-like mineral from 
Liingban and I’ejsberfr, 8we«len. It waa called sfhe^erile —after H. T. Scheffer—and 
described by A. Hreithaiipt as tvallcrian. It contained 60 88-52'28 per cent. SiO|; 3*83- 
1748percent. FoO; 0'08-li)17percent.MgO; 12‘72-19'62percent.CaO; and6’67-8'32 
per cent. MuO. It is a monoclinic pyroxene, and probably a complex solid soln., not a 
chemical individual. A dark variety rich in iron waa called emnachffferite by G. Flink, 
who represented hia anal.i^8 by the formula 0CaMg(SiOj),.MgFe(SiO5),.2Mr^iOj. 
C. Doelter synthesized schofferite by crystallization from the molten constituents. 
Scliefjerite is then regarded as a mixed monoclinic pyroxene. The optic axial angles were 
measured by (1. Flink, ami by J. Sioma. The latter gave for the sp. gr. 3'457-3'548, 
C. Doeltor gave 1200"-1*250'’ for the m.p.; tt=l‘660, and 7 = 1‘098 for the indices of 
rofniction; and for the birefringence, y-a-O OSS. 

V. Scluiniacher discovered a mineral which occurred near Kongsberg, Norway, 
in thin long plates, and fibres, and which he named anthophyllite— from aniko- 
phyllum, clove—in allusion to its clove-brown colour. The name was abbreviated 
to aniophjlIUe by D. L. G. Karsten. A. G. Werner referred to a sirahliyen antho- 
phyllito and a hWteritjen anthophyllite, the latter was bronzite, and A. Breithaupt 
called the former antholite, and later anthogrammite. J. F. John made, analyses of 
the mineral, and J. F. Gmolin showed by analysis that anthophyllite is a ferruginous 
magnesium silicate; and A. des Oloizeaux, that its optical properties belong to a 
member of the rhombic system. E. 0. Sullivan studied the basic exchange with 
anthophyllite in contact with soln. of cupric sulphate. 

N. von Koksoharoff <leecril)ed a magnesian silicate from the Senarka River, Ural; and 
it was also obtained from tlio Tunkiimk Mt. near Lake l^aikal. K. Hermann reported a 
specimen from Miosk in the Ilmen Mta. It was named h(pfferitc, after A. T Kupffer. 

N. von Koksclmroff said the kupfferito occurs in rhombic prisma, and, according to C.Hintze, 
this, through a misunderstanding, was teken to mean tliat it belongwl to the rliombic system. 
Thus, 0. A. Kenngott, and E. S. Dana regarded i*i as the amphii)ole analogue of enstatite. 
It was examined by J. L6ienzon. E. T. Allen and J. K. Clement found that water is always 
present, not combined, but dissolved^, as in tromolite. A, dos Oloizeaux referred to an 
amphibole of the same chemical composition as anthophyllite as amphibolic-anihophyllile. 
A- Dufr^noy obtained a dork-coloured mineral analogous to anthophyllite from the valley 
of H^as jjoar GWres. France, and ho called it ge4rite. A. des Cloizeeux sliowed that the 
optical properties of geilrite and anthophyllite ore analogous. A. Breithaupt’s thalcu^kerile 
i* an anthophyllite from Oroonland with a metallic bistre; and A. Breithaupt, and 
P. Pisani’s snanmuYe is an altered anthophyllite. Several liydratod and altered antho- 
phyllites have been descrilnxl by T. Tliomson, J. L. Smith and G. J. Brush, A. Lacroix, 
and M. P. Heddle. The puldirujtonite of W. Hoidinger was found in the meteorite first 
described by H. Piddington, and is very close to anthophyllite in composition. 

Anthophyllite occurring in England and Scotland has been described by J. J. H. Teall, 
M. F. Heddle, and A. Lacroix; in Germany, by W. Beck, G. A. Kenngott, C. W. von 
Giimbel, C. F. Rammelsborg, A. Frenzel, and F. Becke; in France, by A. P. Dufr^noy, 
A. Lacroix, W. Cross, C. Friedel, F. Gonnard, and F. Pisani; in Norway, by T. Seheerer, 
J. V. Gmelin, F. Pisani, L. Vofielius, C. C. von Leonhard. A. des Cloizeaux, H. SjOgren, 
and A. Breithaupt; in Finland, by F, J. Wiik; in Austria, by J. Ippim, F. Becke, and 
H. Commends; in Moravia, by G. Tschermak, A. Brezina, W. C. Blasdale, and V. von 
Zepharovich; in North America, by S. L. Penfield, J. R. Blum, J. Pratt, B. K. Emerson, 
T. Thomsen, N. N. Evans «id J. A. Bancroft, and A. dee Cloizeaux; in Greenland, by 

O. BCggild, A. dee Cloizeaux, H. Rose, M. Lappe, and N. V. Ussing; and in the Urals, 

0. Rose. 

Analyses have been made by many of the observers mentioned in connection with 
the occurrence of the mineral. E. T. Allen and J. K. Clement found kupferrite 
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Ktliombic) contusing nearly 4 per cent, of water wliich ia slowly and continuously 
by heating the mineral to about 900°. The water is assumed not to be chemically 
'combined, but adsorbed or in solid soln. Eliminating what are considered to bo 
accidental impurities, the idealized mineral apjiears to be rhombic magnesium meta¬ 
silicate of the amphibole type; and the actu^ mineral, solid soln. of magnesium and 
ferrous metasilicates. The formula thus reduces to (Mg.FelSiOj, where the ratio 
Mg : Fe ranges from £ : 1 to 8 : 1. The relation between gedrite and anthophyllito 
may be likened to that between hyperstheno and enstatite. In some cases, the 
gedrites carry up to about 1C per cent, of alumina, and the mineral becomes an 
aluminous amphibole, or it is present as an aluminosilicate, MgAljSiOj. B. Gossner 
represented anthophyllite by [2Si02.Mg(0H)2|.CMgSi()8; and gedrite, by 
[Si02.2A10(0H)J.6MgSi03. E. T. Allen and co-workers made rhombic amphibolic 
magnesium metasilicatc, i.e. the end-term of the series of solid soln, or idealized 
anthophyllite, by rapidly cooling the molten magnesium silicate glass from a temp, 
over 1500°; and then annealing the product between say 1177° and 1180°. The 
crystallization usually begins on the ui>per surface of tllb melt near the walls ot the 
crucible, forming a fringe of converging fibres which grow towards the centre of the 
mass. The amphibolic form readily passes into monoeljnic pyroxene with the 
evolution of heat. 

The colour of anthophyllite ranges through brownish-grey, yellowish-brown, 
brownish-green, emerald-green, and almost black. The artificial form is white 
and porcelainic. Anthophyllite sometimes shows a pearly lustre on the cleavage 
faces. It often occurs in lamellar or fibrous masses. Crystals are rare ; but 
they have the prismatic habit, and may occur in aggregates ot prisms. The crystals 
belong to the rhombic system, and, according to S. L. I’cnfield, they have the 
a.xial ratios a: h: c -0'5137 :1; ? with the prism angle 120° 27', while for an 
aluminous gedrite, N. V. L’ssing gave for the axial ratios a; h; C--0 0229 : 1 :1 
with a prism angle of 124° 48'. E. T. Allen and co-workers obtained for the mag¬ 
nesium mctasilicate. analogue, radical spherulites and fibrous aggregates, but 
crystals suitable for the measurement of the morphologic constants were not 
obtained. The cleavage of anthophyllite is prismatic and perfect; and E. T. Allen 
and co-workers observed an indistinct cleavage at an angle ot 120°. The plane of 
the optic axes lies parallel to the long direction ; the optic axial ai^le is large. 
A. lies C'loizeaux, and A. Michel-Levy and A. Lacroix iheasured the axial angles of 
anthophyllite, and found for 2H, for red light, 110° 49' to 112° 13J', and, for blue 
light, 109° 5' to 111° 5J'; for red light 2V is 95° 8' to 96il2', and, for blue light, 
94° 14' to 95° 46'. S. L. I'eufield gave 90° 4^ for 2V for Li-light, 88° 46' for 
Na-light, and 87° 28' for Tl-light. N. V. Ussuig gave for a sample of gedrite 
2r—78° 33', and 2B, 89° 24' for red light, 89° 6' for yellow light, and 88° 46' for 
green light; N. L. Bowen gave 21'=88° 46'. 'The axial angle decreases with 
increasing iron and alumina content. A. des Cloizeaux observed no imrceptible 
change in the axial angles by raising the temp, to 146’5". H. Mark discussed the 
structure of the crystals. 

The xpedfic gravity of the preparation of E. T. Allen and co-workers was 2'857 
at 25°. 8, L. Penfield gave 3 093 for the sp. gr. of anthophyllite with ,10'39 per 
cent. FeO. F. Pisani, 2 98 (12’40 per cent. FeO); M. F. Heddle, 3068 (8‘13 per 
cent. FeO); A. Dufrlinoy, 3 260 (45’83 per cent. FeO); F. Gonnard, 2'9-30; 
A. des Cloizeaux, 3-225 (28-9 per cent. FeO), etc. The hwdnesg is 5'5-6'0. A. Brun 
gave 1160°-1230° for the nudtiug pmnt of anthophyllite ; and C. Doeltci^ 1326°- 
1340°. E. T. Allen and co-workers observed that the rhombic amphibolic type 
changes into clinoenstatite when heated to a sufficiently high temp. A similar 
result was obtained with enstatite. The change is sluggish. There were indi¬ 
cations of the change in a sample heated for 2 days between 1055“ and 1077°; 
but no change was observed in 20 hrs. at 1100°; the change was observed after 
18 hrs.’ heating between 1120°-1140°; and all was changed after 3 days’ heating 
between 1127°-1153°. 
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The iadioes ol rebactioa of anthophyilite were measured by A. des Cloizeaux. 
A. Michel-Levyand A.Lacroix found a=l’633, (3=1'642, )'=1'657; and N. V. Ussing 
found for red light with gedrite, a=l'623, ^=1'6358, and y—1'6439. S. L. Penfield 
gave for anthophyilitep.-l'627fi with Li-light; ^=1'6353 with Na-light; and 
p=-l'64y5 with Tl-light. N. L. Bowen gave a=l'6195, |3=1'6301, and y=l’6404. 
E. T, Allen and co-workers found for their amphibolic magnesium metasilicate, 
ai^'1-591, and jS—1'678, each +0'004. The birefringence i*approximately 0’013, 
and the interference colours are confined to the bright-tints of the first and second 
orders. The extinction is usually parallel to the direction of elongation, though in 
a few cases a small angle of 3°-fi° was observed, indicating intergrowths of rhombic 
and monocliiiic amphibolcs. The optical character is positive—anthophyilite was 
found by A. des Cloizeaux to be optically positive for red, negative for yellow and 
green light; while gedrite was found by N. V. Ussing to be optically negative. 
H. Rosenbusch found the pleochroism depends on the depth of colour. In the 
y-direction the colour is ])alo yellowish-brown, greenish, or colourless, and in the 
a and j8 directions clove-brown. 

Anthophyilite is not decomposed by acids. 0. Doclter found that when 
powdered anthophyilite is exposed for 3 hrs. at a red heat to dry hydrogen chloride, 
about 3 per cent, becomes soluble. When treated with 2 per cent, hydrofluoric 
acid, about 46 23 per cent, passed into soln. V. fskyul studied the action of hydro¬ 
chloric acid, and the solubility of silica in enstatite, bronzite, and anthophyilite; 
he found the silica solubility of the amphibolcs is twice as great as that of the 
pyroxenes. C. R. van Hise discussed the transformation of anthophyilite into talc 
by the action of water. 

E. T. Allen and co-workers frequently found small quantities ot the monoclinio 
amphibolic form of magnesium metasilicatc, clinounthophyEte, when the glass is 
more or less rapidly cooled; and when water is allowed to act on the rhombic form 
at 375°-47D°, the monoclinic form appears more abundantly. Well-formed crystals 
were not obtained. K. (Iirustscholf reported the synthesis of an aniphibole by 
heating a mixture of silicic acid, alumina, lime, magne.sia, alkalies, ferrous and 
ferric oxides, and water in a glass vessel for 3 mons. at 550^. The kind of glass is 
not stated. As indicated above, N. von Kokscliarofi described the crystals of 
kuplferite as being monoclinie. E. T. Allen found that the maximum extinction 
angle is 1 r, though more usually the angle is smaller, 4°-8°. The average refractive 
index is nearly the same us that of rhombic anthophyilite, and the birefringences 
are the same order of magnitude. 

There are cases of allotropy in lyhich two or more solids yield identical liquids, 
sola., and vap. When one form passes without melting into another form at a 
definite temp.—called the inmmn jioint, or the transition temperature—mi the 
change is reversible, the substances are said to be enantiotropic allotropes—trai-Tios, 
opposite; rpovds, habit. For example, the a- and ^-forms of sulphur; wollastonite 
and pseudowollastonitc, etc. In this case, J. H. van’t Hofi showed that the 
inversion of the form stable at the lower temp, to the second form is attended by 
an absorption of heat, and the reverse change occurs with an evolution of heat. 
The vap press, relations are illustrated diagrammatically in Fig. 88, where 
represents the inversion temp., and T] the m.p.; aTib represents the vap. press, 
of the liquid; dl'j, the vap. press, of the solid stable below ; and T^Ti, the vap. 
press, of the solid stable above T.,. The dotted lines represent mctastablc states. 
Under -ordinary conditions, the lino, aTo does not intersect aTib, the solid stable 
at the lower temp, has no m.p. In another case of allotropy, when there is no 
such inversion temp., the change is irreversible, and one form is metastable at all 
temp, below the m.p., the substances are said to be inonotropic allotropes, e.g. 
diamond and graphite, explosive antimony, etc. The vap. press, relations are 
illustrated diagramatically by Fig. 89, where Tj represents the m.p. of the stable 
form; T^, the m.p. of the unstable form ; aT^Tjb is the vap. press, curve ol the 
liquid ; cTj, the vap. press, curve of the unstable solid; and dT], the vap. press. 
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scurvo of the stable sobd. For a given temp., the vap. press, of the unstable form 
fjs always greater than that of the stable form; ’the two curves do not intersect 
below the m.p. of either form, and the two solids arc not therefore in equilibrium at 
any temp. The sohd with the lower vap. press, is the more stable form at all temp. 
. The m.p. of the unstable form is therefore lower than that of the stable form. In 
practice the unstable form changes into the stable form before its own m.p. is 
reached. The tetraaorphic forms of magnesium metasilicates are examples of 
monotropbm. The case ia«iUuatrated diagramraatically by Fig. 90, where clino- 
enstatite Is the stable form. In view of Figs. 88 and 89, Fig. 90 explains itself. 



Temperature 


Fi«. 88.- Vapour l*rt*s«uro 
(’urv(‘8 of Knautiotropic 
Allotropos. 



Temperdture 


I'jii. 89. - Vapour I’reH* 
BuroCurvoB of Mono* 
tropic AllolroiX‘8. 



Tju. 90 -Vapour ProH- 
suiv C'urvcw of tito 
Monotropic Magnertium 
Mota8ili(*at<'«. 
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§ 29. Tbe Higher Silicates of Magnesidm 


The melilite group oj mineraU {g.v.) belonging to the tetragonal systeni itieludes 
a aeries of aluminosilicates—melilite, a ,complex aluminosilicate; gchlenit(i, 
3Ca0.Al203.2Si02; sarcolite, SCaO.Al^Os-SSiOg; and velardenito, 2CaO.Al2O^.8i0;*. 
J. H. L. Vogt ^ assumed that the idealized type is akertnaniU’ imined after 
R. Akerman—which he represented by 4Ca0.3Si()o. The calcium oxide is in part 
replaced by magnesia or the oxides of manganese and iron. The mineral is formed 
during the rapid cooling of certain slags. A. L. Day and K. S. Shepherd were unable 
to obtain any evidence of the formation of J. H. L. Vogt’s akermanite on the f.p. 
curves of fused mixtures of lime and silica—Fig. 70. There is, therefore, no evidence 
of the existence of this compound other than J. H. L. Vogt’s analysis of the crystals 
in the slags which ran: Si02, 43*17 per cent.; AUOs, 3*43; MnO, 5*85 ; (’aO, 
37*89; MgO, 9*0. G. A. Rankin and F. E. Wright noted the similarity between 
some of the properties ascribed to akermanite, and those of the rhombic calcium 
orthodisilicate, 3Ca0.2Si02, which they prepared. W. T. Schaller einplniHized the 
ternary nature of the minerals of the melilite group, and he interpreted two analyses 
by F. Zambonini of a tetragonal VeSuvian mineral to me^i that tlie formula of 
akermanite is 8Ca0.4Mg0.9Si02. The graphic formula can be written : 


,, /O... .O.K.Q O.R.O._. .0, .. 
Ca<o^biVo_Si- 


J. B. Ferguson ami H. E. Merwin did not succeed in preparing a compound of 
this composition, but they did obtain magnesium dicalcium orthodisilicate, 
20aO.Mg0.2Si02, or CsaMgSiiO,, and they suggest that this is the true formula 
of akermanite. The interpretation of F. Zambonini’s analyses require very little 
modification to fit them to this compound. The range of stability of this com¬ 
pound is indicated in Fig. 95. of the ternary system, MgO-CaO SiO,. The 
compound 2Ca0.Mg0.2Si02 forms no appreciable solid soln. The binary system 
Ca0.Mg0.2Si02 and 2Ca0.Mg0.2Si02 has a eutectic at about 1360”, and 42 per 
cent, of the latter component; the binary system 2Ca0.Si02 and 2Ca0.Mg0^28i02 
has a eutectic at about 1470°, and 91 per cent, df tbe latter component; while the 
system CaO.SiOa and 2Ca0.Mg0.2Si02 has a eutectic and a broken liquidus curve 
as illustrated in Fig. 91. V. Schumofl-Deleano and B. Dittler measured the speed 
of crystallization of fused melilite. 

The thin tabular crystals were found by J. H. L. Vogt to belong to the tetragonal 
system; and to be isomorphous with melilite and gehlenite. W. T. Schaller gave 
3-12 for the sp. gr. of the mineral; and J. B. Ferguson and A. F. Buddington 
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found for the artificial crystals, 2-944 at 25°, and 2-955 for the glass. It is unusual 
for a glass to have a greater sp. gr. than the corresponding crystals. They are 

optically positive. C. Hlawatsch 
nu 2 ^ 7 sv-pir-rj-^,irx:r:t —i——i studied the double refraction of 
■ I I I akermanite. The indices of re- 

^ ’ I t" L Imi 11 I fraction are <o=l-6332 and 

•g Wi?° - J <-1-639. .J. B. Ferguson and 

S/AW” J/. )„ L L..L. L H. K Merwin found that with 

I ’ I I ! I the synthetic material, the stubby, 

^ prismatic crystals occasionally 

/,/00° lo CdStOiscik/sd’ L. I .(!_ have a definite octagonal cross- 

,000° \« CoSib,solKl^'’\ \^IW 2 ^i section; and their index of refrac- 

tUOMgP'm, a * /«) *■*“" ‘® and e=l-638, 

Ci^Oi m so 60 10 20 0 ±0 f'02. J. B. Ferguson 

.. and A. F. Buddington gave for 

1'JU. (II. -Equilibrium iivtlie Bmary Sysliem; m. ii-uj .fiqo „«,) -_i .non . 

CiiSi()3-2CaO.Mg().28iO,. Ma light <0-1 632, and €-1 639, 

and the birefrmgence 0-(X)7. The 
refractive index of the glass is 1-641+0-002. J. H. L. Vogt gave 0187 for the 
sp. ht. between 0° and 100°, and 1200° for the ni.p.; R. Akerman gave 1310°; 
J. H. L. Vogt, 1175°; and J. B. Ferguson and H. B. Merwin gave 1458°+ 5°— 
vide Fig. 90. R. Akermann gave 404 cals, per gram for the total heat of fusion ; 
wid C. Doolter, and .1. II. L. Vogt gave 90 cals, for the latent heat of fusion. 
J. B. Ferguson and A. F. Buddin^on studied the binary system Ca2MgSi207 and 
gehlenite, t!a2Al2Si()7—utrfe velardenito. 

J. B. Ferguson and H. E. Merwin - obtained evidence of the formation of 
dimagnesium pentacalcium hexasilioate, 5Ca0.2Mg0.6Si02, in their study of the 
ternary system, Ca(J-MgO-Si02. The field in the diagram belongs to a series of 
solid soln. which are not stable at their m.p., and which lie on or near the composition 
5U0.2Mg0.6Si02. The decomposition temp, of these solid soln. rise sharply as 
this composition is attained. The decomposition temp, is 1365°+ 5°. The com¬ 
pound appears in irregular elongated grains with the optic axial angle, 2 V, about 

80 ; and the indices of refraction, 0=1-621, j3=l-627, 7=1-635. 

The mineral tremlite was mentioned by H. B. do Saussure.s in 1796, as being 
obtained from Val Tremofe, south of St. Gotthard. It is an amphibole. R. J. HaUy 
called the mineral fframnuUite, e'eat-i-dire, marquee d’une %ne—from ypajijima. 
Im^in reference to ajine in the direction of the longer diagonal which can be seen 
on transverse sections of some crystals. R. H. HaUy’s term is rarely used. 

» a gi-fi'i mineral from Nordmerkeii, Sweden, ralamite—ltom soXouot, 

“"‘I A. Breithaupt to be tremolite. T. Thoms^’a 
mp4ili/« froni Lanark, Canada; E. Qoldsmith-s hexagonite from Edwards, St. Lawrence; 
Jan-fltLnf “ nord^yaWKe from Kuscola, Lake Onega, are all considered to bo 

varieties of tremolite. 0. A. KCnig discussed the relation of hexagonite to tremolite. 

- J have been reported.^ These agree with the assumption that the 

Idealized mineral is a calcium trimagnesium tetramelasilicate, CaMgatSiOsb. 
TremoUte doM not appear among the phases formed in the ternary system. 
Mgf^UO-SiOj, Fig. 94, under the conditions studied by J. B. Ferguson and 
rt.Ji. Merwin. This, of course, does not mean that tremolite is not a chemical 
mdivijlual, for it may be a stable compound under another set of conditions. 
Femns oxide replaces up to aboht 3 per cent, of the magnesia. E. T. Allen, and 
J. Jk. tlement showed that up to about 2-5 per cent, of water may be present. 
rh» water is gradually lost on a rising temp, without any loss of homogeneity 
and mth but a slight change in the optical properties. The dehydration is not 
complete mitil the powdered mineral has been heated to 900°. The water is not 
ohemiMlly combined, and is assumed to bo adsorbed in solid soln. Tremolite 
vanes m colour from white to dark grey, and is sometimes water-cleat and colourless. 
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It maj occur in compact granular masses, in fibrous aggregates; In loiig-bladed, 
short and stout, or thin-bladed crystals. L. H. Adams and E. D. Williamson found 
the compressibility, jS, of actinolite to bo j8=l‘32xl(r* between 0 and 10,000 
megabars press. A. des Cloizeaux, 6. Flink, K. Zimanyi, A. Michol-LSvy and 
A. Lacroix, and H. Rosenbusch have measured the optical properties of the crystals. 
The sp. gr. is 2’9-3’l. A. L. Fletcher gave 1269°-1273‘’ for the m.p. R. Cusack 
obtained a lower value. The optic.axial angle, 2F, is 87^-88®; and 2//-~^99°~10P. 
The extinction angle is 16°*; and the indices of refraction a=l'6066, j8=l‘6233. 
and y=l-6340. The optical character is negative. W. W, Coblentz found the 
ultra-red transmission spectrum has bands at 2‘8, 4*8, 6, 7’4, and 8'2/*; and the 
reflection spectrum has maxima at 8*7,9*45,10 03, and Up. G. A. Kenngott found 
that in contact with water the calcined or uncalcined mineral has an alkaline 
reaction. 

When the ferrous oxide in tremolite approaches 3 per cent., it passes into tiie mineral 
actinolite, but there is no sliarp line of demarcation. The feirous oxide is supposed to ))e 
present as ferrous trioaloiam tetrametaslileate, Ca|Ke(Si 03 ) 4 , and to form a series of solid 
Holn. with tremolite proper. A. Cronstedt * called the mineral StriilskOrl; and 
A. 0. Werner, SftrahUteAn, which B. Kirwan translated to actir^Ute, from iKtiv, a ray; 
and Artot, stone. K. J. Haiiy tised tlie term actinote ; and J. C. Pelam<^thene, scfwr/ 
verte du Zillerihal, ot zillerthUe. Many analyses J>ave l>een reported.* K. T. Allen and 

J. Jv. Clement found that actinolite contains up to about 3 per cent, of water, wliich is 
retained over 100®. The mineral is green, and it occurs in crj'stals as in tremolite, or 
fibrous, columnar, or massive. The sp. gr. 4s 3 *0-3'2. The opti<‘al constants were 
investigated by A. des Cloizeaux, A. Michehl^vy and A. La<Toix, and K; Zimany; and 
the pleochroism, by A. Michel*L 6 vy and A. Lacroix, and G. Tschennak. K. Cuswk 
gave 1272‘’-1288” for the m.p. of green actinolite; and A. L. Fletcher, 1322^' 1338®. 

K. Reyraond studied the action of chlorine and of hydrogen chloride on actinolite; and 
V. Iskyul, the action of hydrochloric acid, and the solubility of tlie silica in actinolite. 

A tough, compact, fine-grained tremolite or actinolite, vaiy’ing in colour from a cream 
to a dark green, is called nep/irife —from i'f<pp6s, a kidney—because it was formerly supposed 
to liave a medicinal value in diseases of the kidney. The term Jude is apidied generally 
to various mineral substances which have tlie appearance of nephrite, and jaderte. The 
latter is a kind of soda-spoiiumene (?.e.). Jade was usoii by early man for utensils and 
ornaments of great beauty and variety. Judo has been found among the relies of early 
man— e.g. in the remains of the lake-dwollors of Switzerland, at various pliu^es in h ranee, 
in Mexico, Greece, Kgypt, Asia Minor, etc. The quarries in Central Asia in the Kuen Hun 
Mts. have been worked by the ChineHe for 2000 years. The arecnslone ornaments of the 
Maoris of Now Zealand are made from nephrite. ThesuhjoiJxhas l^n much diwussed.’ 
Numerous analyses have been reported.* The analyses have been discussed by S. L. i’on- 
field, A. Hamoiir, and L. CoIoml>a. The crystals have been investigated by 0. vom Jiath, 
J. D. ])ana, W. C. BrOgger, A. W. G. Bleock, M. Bauer, A. desVloizeaux, F. Horworth, 
etc. S. L. Ponfield gave for tlie axial ratios of the monoclinic crystals ath: c 
= 1 103 : 1 : 0'613, and j8—72° 444'. microstruelure has been studied by F. W. Clarke 
and G. 1*. Merrill, A. Arzruni, A. des Cloizeaux, E. Cohen, J. A. Krenner, etc. H. R. Bishop 
gave a collection of about 500 samples of nephrite, and 100 of jadeite. The average for 
nephrite is 2'9.'5a5, and for jadeite, 3*3202. The hardness of nephrite is nearly 0, £md of 
jadeite, nearly 6 * 6 . The results of the impact test have been reported by H. H. Bishop, 
H. von Schlagintweit, and A. Rosival; tho crushing strength, by H. K. Bishop, 

L. Jaezewsky; the elastic constants, by H. R. Bisliop, ami W. Voigt; the acoustic qualities, 
by H. R. Bishop. The optical properties have bwn investigated by A. des Cloizeaux, 
J. A. Krenner, E. Cohen, M. Bauer, A. Aranini, A. Michel*L 6 vy and A. Lacroix, H. K. Bishop, 
L. Mrazec, 8 . Franchi and L. Colomba, etc. The fusibility has been studied by C 4 Boelter, 
V. 8 . Deleano, etc., and the actions of acids and salt soln., by J. Lemberg. C. IJoelter 
has compiled data pertaining to nephrite and jadeite. 
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§ 30. The Complex Silicates ol Hagnesiam 

E. C. Wallace ' found that in the binary system, MgSiOs-LijSiOj, two series 
of mixed crystals were formed, with a break from 50 to about 75 per cent, of 
magnesium metasilicate. Fig. 92. The eutectic temp, was 876°. No lithium 
magnesium mdasilicate appeared. In the system Mg8i03-Na2Si03, all the 
mixtures between 20 and 80 per cent, magnesium metasilicato solidihed to a glass. 
Fig. 93. No sodium magnesium metasilkate was prodpeed. F. Focke obtained a 



Flos. 92 and 93.—Freezing Curves of Binary Mixtures of Magnesium 
Metasilicate with Lithium and Sodium Metasilieatee. 


green mineral resemblmg serpentine from tVlldkreuzjoch, Tyrol, and hc'called it 
nmaphyUUe, It contained 42 49 per cent. SiOg; 0'40, AI2O3; 4'63, Fe203; 
37-60, MgO; 0 72, CaO; 211, NagO; and 1311, HjO. The sp. gr. was 2 6; 
hardness, 3; cleavage, perfect; and the birefringence, negative and weak. 

The colourless, transparent mineral tainiolik, obtained by G. Flink from 
Narsarsuk, Greenland, has a composition corresponding with H.2(Li,Na,K)j- 
{Mg,Fe)2(8i03)3, and in the ideal case is a potassium magnesium melasilicate. The 
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n&mB is derived from rama, a band or strip j \10(k, a stone—in aUusion to tbe 
form of the crystals. The monoolinic crystals resemble mica; the axial ratios are 
a:b: c--0'5773; 1:3'2743. The birefringe is negative and weak; the optic axial 
angle 2i’^50'’; the sp. gr. 2'86; and the hardness 2-5-3'0. The mineral is slowly 
but completely decomposed by hydrochloric acid. According to A. Duboin, no 
silicate is obtained when silica is added to a fused mixture of magnesia and 
potassium fluoride, but if one part of magnesia and 4 parts pf silica are dissolved 
in fused potassium fluoride and the product is afterv^rds fused with potassium 
chloride and kept at a red heat for about three days, potassiiun magnesiuin tli- 
alicate, Mg0,K20.3Si02, is obtained in hexagonal crystals, with a negative axis, 
and flattened parallel with the base. Its sp. gr. at 0° is 2’55, and it is readily 
attacked by acids. 

P. Berthier,2 P, 0. Achard, W. A. Lainpadius, and N. G. Sefstrom made a 
number of glasses by heating various mixtures of lime, magnesia, and silica. Thus, 
CaO:MgO:Si02=l ;1:2; 1:2:3; 2:1:3; 1:1:3 were formed. Some of 
these crystallized. There is, however, nothing to show what chemical individuals 
were formed. C. Mutschler and E. C. F. von Gorup-Besanez obtained from the 
ash of the calamus rolang what they regarded as a compound Ca0.Mg0.48i02. 
Here again the individifality of the product was not established. 

The very rare mineral monticellite was named after T. Monticelli: it was found 
in yellowish crystals at Mount Vesuvius. The mineral belongs to tbe olivine family 
which includes forsterite, fayalite, and tephroite. The crystals were first described 
by H. J. Brooke 3 in 1831. N. Nordenskjold called it scacchite (misprinted 
sacehite), after A. Scacchi. A. Breithaupt, and L, Liebener and J. Vorhauser 
called a greenish-grey product batraehite —from parpaxps, a frog—in reference to 
the colour. The analyses by C. F. Kammelsberg, G. vom Rath, F. A. Genth, 
G. Tschermak, S. L. Penfield and E. H. Forbes, P. von Jeremejeff, J. Lemberg, etc,, 
correspond with ma^esium calcium orthosilicate, CaMgSi 04 . N. G. Sefstrom 
obtained a glass of this composition by fusing the constituents together. V. Poschl, 
and V. S. Deleano studied the fusion curves of mixtures of magnesium and calcium 
orthosilicates. The latter found that a eutectic is produced at 1400° with about 
80 per cent, of magnesium orthosilicate. No monticellite was formed, and it was 
assumed that the occurrence of this mineral in volcanic products shows that an 
agent mincralizateur was present. Mixtures rich in calcium orthosilicate disintegrate 
on cooling. Enstatite is formed, and the disintegration of calcium orthosilicate 
occurs in the presence o{^np to 50 per cent, of enstatite. A. F. Hallimond obtained 
crystals of monticellite from a steel-works mixer slag, and of the composition 
Ca(Mg,Fe,Mn)Si02. J. B. Fergusoti and H. S. Merwin have shown the field of 
stability of monticellite in the ternary system, MgO-CaO-Si02, Fig. 95. P. Her¬ 
mann showed that solid soln. are formed between forsterite and monticellite; 
and J. B. Ferguson and H. E. Merwin place the limit at about 10 per cent, of 
forsterite. J. H. L. Vogt found crystals of monticellite in slags; and H. le 
Chatelier, in portland cements. V. Pbschl, and J. Morozewicz prepared products 
containing monticellite by fusing the component .silicates, and the former gave for 
mixtures of forsterite ai^jl lime-olivine, ».e. of magnesium and calcium ortho- 
silicate : ' 


.Nfg,8iO, . .100 1)0 80 70 50 30 20 0 

8p. gr. . . 3 11 3-04 301 2-96 2-90 2 88 3’04 31 

M.p. (mean) . . 1000' 1340' 1327“ 1316° 1310° 1302° 1336° 1600° 

V. Pbsohl also studied the ternary system, Mg 2 Si 04 -Ca 2 Si 04 -Fe 2 Si 04 . J. B. Fer¬ 
guson and H. E. Merwin’s attempt to isolate monticellite were not successful; 
a mixture of crystals of calcium orthosilicate and the forsterite-monticellite solid 
sola, was always obtained. 

The crystals of monticellite, according to G. vom Bath, belong to the rhombic 
system, and they have the axial ratios o: 6: c=0'43369:1: (kblSOfl. H. J. Brooke, 
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and A. Scacchi made some observations on this subject. J. B. Ferguson and 
H. E. Merwin’s products contained crystals ot mouticellitc in oquant grains, 
without facets. As emphasised by N. L. Bowen, the optic axial angle is large, 
2F=85°-90“. F. a. Genth gave for the sp. gr., 3-108; S. L. Penlield and 
E. H, Forbes, 3 022-3-047; G. Tschennak, 3 098; and G. vom Hath, 3-064 
(batrachite). The hardness is 5-8. C. Doelter gave 1180°-1200“ for the m.p. 
J. Joly gave 01963-0-2113 for the sp. ht. S. L. Penfield and E. H. Forbes gave 
for the indices of refractio;i j3=l-6584 for Li-light, or for Na-iight, o=l-6605, 
^=1-6816, and y=l-6679; and for the birefringence, y-a=0-0174. J. B. Ferguson 
end H. E. Merwin found for artificial crystals 0=1-638-1 640; j3=l-646; and 
y=l-651-l-655. A. des Cloizeaux investigated the optical properties of nionti- 
cellite. V. Poschl obtained 1460°, and J. B. Ferguson and II. E. Merwin, 1502° 
for the m.p. E. Kittl found that in the crystalUzation of the glass, 1000 nuclei 
are present per sq. cm. According to G. Tschennak, when monticellite is treated 
with acids, orthosilicic acid separates out. F. Cornu found the moistened powder 
reacts alkaUne towards litmus. F. Sestini, and J. Lemberg examined the effect 
of water on the mineral; C. Doelter, the effect of dry hydrogen chloride on the 
heated mineral; and also the effect of a soln. of sodium carbonate. W. Suida 
found that the mineral is feebly stained by basic aniline dyes. The montiecllite 
changes on weathering into serpentine, fassaite, etc. The metamorphoses have 
been investigated by P. von Sustschinsky, G. vom Rath, J. Lemberg, K. Oebbeke, 
R. Brauns, etc. E. 8. Larsen and W. F. Foshag * obtained a colourless or pale 
green mineral resembling monticellite from the limestone of Crestmoro, California. 
The composition corresponded with Ca 3 Mg(Si 04 ) 2 , magnesium tricalcium di¬ 
orthosilicate, and they called the mineral meminite H. E. Merwin. The 
mineral is monoclinic; the cleavage (010) is perfect; lamellar twinning occurs 
on the prism faces, forming an angle of 42-5°; the optical axial angles, 2I’---66-5°; 
the axial angle a : c=36°; the sp. gr. is 3-150; the hardness, 6; and the indices of 
refraction are 0=1 708, ^=1-711, and y=l-718. It readily dissolves in hydro¬ 
chloric acid. 

P. C. Abilgaard.f’ and J. C. Delametherie applied the term malmonile to a 
bluish-grey, or greyish-green mineral from Sala, Sweden, which was softer than the 
associated felsjiar, hence the name was adapted from /roXasd?, soft. It is related 
with the mineral salik or sahliU; which has a similar colour. Salite was found in 
Sala, Sweden, by M. F. R. d’Andrada, and it was analyzed by L. N. Vauquelin. 
The granular variety, with more or less indistinct crystals, from Arendal was 
described by P. C. Abilgaard, and M. F. R. d’Andrada, and called coecolite, from 
KUKKot, a grain. It, too. was analyzed by ii. N. Vauquelin. B. Bonvoisin 
described greenish prismatic crystals of a mineral from the Mussa Alp, Ala Valley, 
Piedmont; and a white, greyish-white, or apple-green, crystalbne aggregate from 
the same locality. The former was called alaliie, after the Ala Valley, and the 
latter mussUe, from the Mussa Alp. R. J. Hally showed that both these minerals 
belong to one mineral species, which he designated diopside, from Hes, double; 
and ofis, appearance. He also showed that salite, coccolite, and malaconite are 
varieties of diopside. , 

T. Scheerer’s • travertellite, from Travereella, Piedmont, is a flbrous aggregate ot the 
same mineral. The mineral named baikalite by H. M. Renovanz ’ is from the Lake Baikal 
district, Siberia. It was also described by K. J. HaUy, and D. L, 0. Karsten. The 
bluish-white mineral canaanite of F. Alger from C^aan, Connecticut, was descisbeil by 
C. H. Hitchcock, and J. 0. Dana. The funkitt of A. P. DufnSnoy is a dark olive-green 
oococlitefrom Boksater, Gothland. N. von Kokscharoft’s lawroJUe, lammte, or laummitr. 
is a diopside coloured green by vanadium, and came from Lake Baikal, Siberia. The 
proteiU of E. F. Olocker, and A. Breithaupt from Zillerthai, Tyrol, is a form of alalite 
mussite. H. von Eckeimanncalled a fluoriferous diopside, Ca(Mg.Fe)(BiO|)s.nMg(OH,F)|, 
from MansjO Mountains, mant^oeite. 

The reported occurrences of diopside as a rock-forming mineral are very 
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numerous; and hundreds of analyses have been made. The composition of 
colourless or white diopside approximates very closely to that required for mag- 
nednm calcium dimetasilicate, CaMg(Si 03 ) 2 . E. T. Allen and J. K. Clement 
found that diopsides may have up to about one per cent, of water which is only 
lost completely and continuously by heating the mineral up to 900°. The water 
is adsorbed or in solid soln. E. A. Wiilfing regarded the ferruginous diopsides as 
being members of a series of isomorphous mixtures with varying proportions of the 
mctasilicatcs: diopside proper, CaMg(Si 03 ) 2 ; hedeubergite, CaFe(Si 03 ) 2 ; and 
MgFe(SiO;)) 2 . The structure has been discussed by P. Groth, L. Duparc and 
T. Hornung, G. Becker, J. H. L. Vogt, R. Scharizer, and W. Vernadsky. J. Jakob 
applied the co-ordination theory and represented diopside; 

• [kXIK" 

r. Grotli. J. Jakob. 

Assuming that the ferrou8*oxide is present as CaFe(Si 03 ) 2 , the ratio of CaMg(Si 03)2 
to (JaFe( 8 i 03 ) 2 , ranges upwards, passing through 8:1, 7 :1, 4; 1, 3:1, 2:1, to 
nearly 1:1; then appear the varieties of hedenbergite and schefferite in which the 
ratio passes through 2:3,1: 2, and 1:9. In 1858, C. F. Rammelsberg emphasized 
the importance of distinguishing between ferrous and ferric oxides in the analyses 
of these minerals. The proportions of alumina and ferric oxide rise from zero 
until the diopside pyroxenes pass into augites. These monoclinic pyroxenes can 
then be approximately arranged in two classes according as the sesquioxides are 
or are not present as essential constituents: 


1,. . I witliout sesquioxides 

Mo„ocl.n.c pyoxonos | . 


DioraiDRS 

.AtiaiTES 


A greenish variety, coloured with chroMiic oxide, is called chrome-diopside, and it 
was described by A. Knop, E. Jannetaz, R. Scharizer, etc. The occurrence of 
diop.side in meteorites was di8cu8.sed by N, S. Maskelyiie, and S. Meunier; and in 

.slag.s by F. von Kobell, G. vom 
Rath, L. Oruner, P. S. Gilchrist, 
T. Scheercr, C. F. Rammelsberg, 
.1. E. L. Hausmanu, 0. C. von Leon¬ 
hard, J. Noggerath, F. Sandberger, 
G. .1. Brnab, N. S. Maskelyne, 
V. Velain, E. Mallard, P. W. von 
Jeremejefi, A. Knop, J. H. L. Vogt, 
etc. 

P. Berthier« made diopside by 
fusing a mixture of the constituents. 
G. Lechartier used calcium chloride 
as a flux; J. J. Ebelmen, boric 
oxide; 0. J. St. C. Dcville, F.Fouqud 
and A. Micbel-Levy, A. Lacroix, 
B. Hussak, A. Becker, P. Haute- 
feuille, A. Gorgeu, and C. Doelter 
made observations with respect to 
diopside analogous to those indi¬ 
cated in connection with the other 
magnesium silicates. L. Bourgeois 
made diopside by suspending a 
block of marble in fused basalt. 
Q. Rose observed crystals of 
diopside in some angite which had been fused and cooled. The formation of 
diopaide and augite in the crystallization of fused silicates has been observed 



Kio. 94.—^I'he Kquilibriuni Conditionn in the 
Binary .System; Ca8i<>,-MgSiOj. 
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by J. Morozewicz, G. Medanich, K. Petrasch, H. H. Reiter. C. Doelter, etc. 
H. J. Johnston-Lavis observed crystals of pyroxene on fossil bones in the 
volcanic tufa of Faiano, Nocera, and assumed that the mineral was formed 
under little press., and at a temp, insufficient to carbonize or even discolour 
the organic matter of the bones. L. Appert and J. Henrivaux found crystals 
of diopside were formed when ordinary window-glass was kept for some time 
just below the softening temp. A. Daubr4e made diopside by the action of the 
water of Plombihres on arhot glass tube. V. Poschl prepared diopside by the 
union of magnesium and calcium metasilicates. V. S. Deleano found that the 


binary system, Mg28i04-CaSi03, has a eutectic at about 1300'^ with 90 molar per 
cent, of calcium metasilicate. The system is really a quaternary one because 
periclase and enstatite are formed. 

TrUjjmite 




In the system of Ca2Si04-MgSi03 
there is a eutectic with about 80 
molar pet cent, of magnesium meta- 
silicate at about 1300°. E. T. Allen 
and W. P. White studied’the condi¬ 
tions of formation of diopside in the 
binary system, CaSi03-MgSi03. The 
range of stability of diopside is indi¬ 
cated in Pig. 94. The best crystals 
were obtained by heating a glass of 
the composition MgCa(Si03)2 in a flux 
of calcium chloride, in an atm. of dry 
hydrogen chloride at 1000° for a week. 

J. B. Ferguson and H. E. Merwin 
found the limits of stability of 
diopside in the ternary system, 

CaO-MgO-Si02, Fig. 95; I’. Niggli 
described this system; and N. L. Bowen, the relations in the ternary system, 
diopside-forsterite-silica. 

J. B. Ferguson and H. E. Merwin’s cone, diagram, showing the limits of the holds 
of stability of the various phases in wt. per cent., is shown in Fig. 95. The range for 



aCiStOy 
sCdO-f^eSO, 
fi-CiSiOi ■■ 
Sd/dsci’ 
CdO-SiO, .. 
iCaO-tlsOiSilli 
3Cd-iS0i ■ 

CaO-Hgam. 

M-iSiOi 
iCaS-SiOi 


Fjo. 95. —Tlio Limits of tiie Diiferont Pliuaea on 
tlie Concentration Diagram of the Ternary 
System : CaO-MgO-SiO, (wt. per cent.). 



Fio. 99.—Freezing-point Curves of the 
Binary System: Diopeide-Siliea. 
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BIo. 97.—Freezing-point Curves of the 
Binary System: Diophide-Forsterite. 


^-wollastonite is too small to appear in the diagram- There are four compjex 
calcium magnesium siheates, namely: (i) 5Ca0.2Mg0.68i02; (ii) akermanite, 
2Ca0.Mg0-2Si02; (iii) monticellite, MgO.CaO-SiOz, or MgCaSiOa; and (iv) diop¬ 
side, Mg0.Ca0.^i02 or MgCa(Si08)2. Diopside does not form a solid soln. with 
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silica, foraterite, or pseudowollastonite; nor does it form a solid soln. to any marked 
degree with 2Ca0.Mg0.28i02; but it does form a continuous series of solid soln. 
wi5i clino-enstatite, which crystallizes in forms corresponding with the monoclinic 
pyroxenes. N. L. Bowen has made a special study of the binary and ternary 
systems with diopside, forsterite, and silica as components. Fig. 97 shows that no 
higher silicate is formed with diopside. The topography of the ternary system is 
shown in Fig. 98, and the isothermal f.p. curves in Fig. 99. N, L. Bowen found that 



Fio. 98.—Tomary Syatom : Diopside- Fia. 99.—Isothermal Freezing Curves in 
Forsterito-Silioa. the I’emary' System: Diopside-Forsterite- 

Siiica. 


there is a eutectic with 88 per cent, of diopside and 12 per cent, of forsterite at a 
temp, about 4°-5‘’ lower than the m.p. of diopside. Fig. 99. The compositions of 
the phases worked out by J. B. Ferguson and H. E. Merwin are illustrated by the 
triangular diagram. Fig. 98. V. Poschl measured the sp. gr., m.p., and angle of 
extinction of mixtures of enstatite and diopside, and found: 


Diojiside 

. 0 

25 

40 

50 

60 

75 

100 per cent. 

8p.gr. . 

3-2 

312 

3 05 

2-98 

326 

3 04 

3 08 

M.p. 

. 1370" 

1320" 

13W»" 

1300" 

1295" 

1300" 

1300" 


1400" 

1,350" 

1.325" 

1320" 

1315" 

1320" 

1326" 

Extinction 

. 

— 


— 

39" 

37" 

32" 


G. Zinke c.xamincd the products obtained by cooling molten mixtures of the two 
compounds, and ho likewise obtained a series of pyroxenes of varying composition. 
The nature, but not the composition, of the phases at any temp, during the cooling 

is illustrated by N. L. Bowen’s 
diagram. Fig. 100. With a 
molten mixture containing, say, 
19MgCa{Si03)2+81MgSi03, forste- 
rite begins to crystallize out at 1552°, 
and continues crystalhzing down to 
1523°, when pyroxene also appears. 
The three phases coexist down to 
1420°, when both forsterite and 
liquid disappear, and all consists of 
W, pyroxene. N. L. Bowen discussed 
Fro. 100.— Nature of the Solid Phases ib Cooling the effect of the sp. gr. and viscosity 
Molten Mixtures of Diopside and Magnesium of the molten magma on the crystal- 
Metasdieate. 

P. Eskola said that his attempts to make stroniia-diopside and haryta-diopnde 
were not successful. There is no evidence that the metasilicates of barium or 
strontium and magnesium form a double compound. This is remarkable, especially 
in the case of strontium, which in other ways showed such a close similarity with 
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cateiam. P. Eskola pointed out that in compounds in which the lime may possibly 
be replaced by magnesia and ferrous iron, it cannotrbe replaced by strontia or baryta. 
Accordingly, barium and strontium compounds form mixed crystals with lime and 
alkali minerals, but not with ferromagnesian minerals. 

The colour of diopside, or calcium magnesium dimetasilicate in the limiting 
case, is water-clear, or white; the mineral is variously tinted green, and various 
shades of yellow, red,and brown, according to the proportion of ferrous oxide and 
other impurities which majj be present. The compound was found by E. T. Allen 
and W. P. White to crystallise readily, usually in the form of radiating prismatic 
individuals intricately intergrown and overlapping. There are often fine bubble¬ 
like inclusions or cavities in the crystalline mass; these arc either tabular in shape 
and parallel with the prismatic elongations of the crystallites, or else they are 
irregular. The cavities are probably’due to the shrinkage ac('on\panying the 
crystallization of the glass ; they are rarely observed in the crystals from the. molten 
calcium chloride flux. Both the natural and artificial crystals belong to the mono¬ 
clinic system, and the artificial crystals have the axial ratibso : h : e -l Oitfi: 1 MV.Wl, 
and the natural crystals a:b: c=l'0934 :1: 0’5894. The diflereuces arc within 
the limits of experimental error. F. Zambonini gave o : 4; c=1 0503 : 1 : 013894, 
and j8=90°9' for the natural crystals. Observations on the native diopside 
crystals have been made by E. Artini, R. B. Hare, A. Schmidt, H. Baundiaue.r, 
J, 66tz, K. Busz, G. vom Hath, G. Flink, J. Lehmann, A. Strong, F. Hessenberg, 
N. von Kokscharoif, A. des Cloizeaux, G..la Valle, A. Michel-Ldvy, G. Norden- 


skjold, G. Rose, J. D. Dans, etc. F. Hinne, and R. Grossmann measured the change 
in the angles on heating the crystals. F. Rinne obtained X-radlOgnuns of the 
mineral; and the shape and size of the unit ceils of diopside, and diopside-like 
pyrox^es have been studied by R. W. C, Wyckoff and co-workers. The twinning 
of the artificial crystals after (100) was found by E. T. Allen and W. P. White 
to be common, while polysynthetic twinning after (lOt)) was rare. The twinning 
has been studied by F. Becke. In the natural crystals twinning by the (100)- 
face is common; the crystal may be traversed by twin lamella) parallel to that 
face, and sometimes also parallel to the (001)-(8ce. The crystals of the mineral 
generally appear to be holosymmctric ; but the two ends of the i)riam are some¬ 
times different, indicating that the mineral probably possesses only a plane of 
symmetry, and not a digonal axis perpendicular toflt. This is confirmed by 
the observations of E. A. Wiilfing, H Baumhsuer, and G Greim on the 
corrosion figures produced on the prism faces by hydcofluoric acid. F. Mohs 
showed that the diopsides from Sala and the Ala Valley possess a kind of cleUTtge 
parallel to the (100)- and the (OOl)-faccs. Th4e are not true cleavages, but rather 
partings due to these faces being glide-planes and planes of secondary twinning. 
The partings occur only at intervals, and are not uniformly distributed through the 
crystals as would be the case with true cleavages. The partings arc supposed to 
be produced by press. They have been studied by A. H. Phillips, J. H. Teall, 
G. W. Hawes, G. vom Rath, L, van Werveke, /g ^ —,—,—,—^,—p—, 

A. Ossnn, 0. Mliggc, J. W. Judd, T. Scheerer, § 

G. Rose, F. Zirkcl, F. Becke, etc. E. Kittl’s , $ 
measurement of the speeds ol crystallization ' 
of three samples of diopside at diflerent temp. 5.8 ' 
are shown in Fig. 101. There is a well-dcfin^ ^ , 

maximum about 1270°; and he found that m ^ ^ 

the crystallization of the glass, l'3-9''3 nuclei ^ Temp^ure 

are present per sq cim Measurements were Temporature on 

also made by V. Schumon-Doleano and Speed of Cry«talli«ation of 

E. Dittler. The plane of the optic axes is the jjioiwiile. 
plane of symmetry (010). The optic axial 

fng lM 2F=69' 3° + 10°, and 2£=114‘’. E. A. Wfilfing found 2F=58° lO" for the 
natural crystals; and with Li-light, 59° 28' j with Na-bght, 59 16 ; and with 
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Tl-light, 68° 58'; the numbers for a ferrugihous diopside are respectively 59° 48', 
69° 62', and 69° 38'. E. T. Allen and W. P, White measured the optical axial 
angles of solid soln. with mixtures containing 28-95 per cent, of magnesium meta¬ 
silicate. N. L. Bowen’s values for the optical axial angles, 2F, of solid soln. of 
diopside and clinoenstatite were : 

Diopside . 100 75 66 66 37 19 • 0 per cent. 

2V . . 69' 66“ 47' 40' smeU JO' 63' 

G. Zinke made some measurements of this constant. 'G. Tschermak, F. Herwig, 
C. Doelter, P. J. Wiik, G. Flink, and A. Schmidt have made observations on this 
subject, and in general, the angle increases as the proportion of iron is raised. 
A. des Cloizeaux measured the effect of temp, on the optic axis. 

E. T. Allen and W. P. White measured the specific gravity of various combina¬ 
tions of calcium and magnesium raetasilicates, and found 


MgSiO, . 0 20 46-3 60 60 70 72 72 lOOpercent. 

Hp.gr. . 2-912 3 040 .3-236 3245 3 229 3-206 3 196 3 194 3 193 

Hp. vol , 0-3434 0-3283 0 3090 0 3082 0 3096 0-3120 0 3129 0 3130 0 3132 



O'iZSO 


The specific volume ciy-ve is shown in Fig. 102. There are three distinet curves : 
AB represents mechanical mixtures of pseudowollastonite and diopside; BO, 
solid soln. of diopside with magnesium silicate; and 
CD, solid soln, of magnesium silicate with diopside. 
The sp. gr, of artificial diopside is 3-245. J. W. Retgers 
inferred that diopside is a chemical compound because 
its sp. vol. cannot be calculated additively from the sp. 
a 3 /sa I t.\ J /"J n\ constituents. E. T. Allen and W. P. White 

'.^ gave 3-270-3-275 for the crystals at 25725°, and 2-830 

O'SOSO y —— 5 — 31172 ^°- gives an idea*of the 

Per cent. fl/siO c’^pacsion which occurs in the process of molting. The 

„ „ .. ,, ‘ sp. gr. of crystals from Alaska was 3-268 at 25°/25°. 

Curves" ifrihr ^11"“ "P’ "’“y 0* specimens which have been 

System-. MgHiOj-C'aHiOj. analyzed have been determined — wde supra--and the 
results show that the sp. gr. increases with the propor¬ 
tion of ferrous oxide up to about 3',53. V. Piischl found the sp. gr. of the 
artificial mixtures or solid soln. is almost always smaller than with the natural 
crystals, presumably because the former have more pores and cavities. He found 
the physical character* of solid soln. of diopside and hedenbergite varied con¬ 
tinuously, but not linearly, with the composition. Thus: 

« 

Diopsido 
Hedenbergite . 

Per cent. FeO 
Sp. gr. . 

M.p. 

dVxiat angle 


100 

90 

80 

70 

60 

60 

40 

30 

0 

0 

10 

20 

30 

40 

60 

00 

70 

100 

0 

2-40 

6-00 

7-03 

9-98 

12-57 

14-87 

17-07 

26 00 

3-08 

2-87 

2-90 

2-96 

2-98 

3-01 

3-16 3-26 

3-53 

1326' 

1266' 

1260' 

1240' 

1230° 

1225° 

1210' 1200' 

1140* 

32° 

36' 

38' 

43' 40' 

46° 60' 

47° 

49'20' 50' 

60* 30' 


The hardness of diopside is about 5. L. H. Adams and E. D. Williamson found the 
oompresgibility of diopside to be j8=l-09xl0-6 between 0 and 10,000 megabars 
press. 

F. Pfaff found the coeff. of thermal expansion between 0° and 100° in the 
o-direction to be 0-0008125; in the 6-direction, 0 0016963; and in the c-direction, 
0 0001707; thus making the coeff. cubical expansion 0 002330. P. B. W. Oeberg 
gave 0'1871, 0-192, and 0 2036 for the specific heat of diopside between 0° and 
100°; F. B. Neumann gave 0-1906; and H. Kopp, 0-184 between 19° and 60°. 
W. P. White gave for the mean sp. ht. of artificial diopside between ordinary temp, 
and 

100* 600” TOO” 900” UOO” 1300” 

Mean sp. ht. . . . 0-1912 0-2309 0-241 0 2483 0 2663 0-2603 

True sp. ht. ... — 0 262 0-272 0-281 0 286 — 
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B. T. Allen and W. P. White gave 1381° for the melting point of artificial diopside; 
A. L. Day and R. B. Sosman, 1395°; E. Kittl, 1280°-1310°; J. H. L. Vogt. 1226° ; 
V. Poachl, 1325° ; and A. L. Fletcher, 1237°-1245° —R. Cusack obtained a lower 
value. C. Doelter found diopside begins to melt at 1305°, and is quite fluid at 
1346°. V. 8. Deleano gave 1280°-1310°, and E. Dittler 1300°-132n° for the m.p., 
and H. Leitmeier, by very slowly raising the temp, during 24 hrs,, obtained 1305°- 
1315°. C. Doelter found for diopside from Ala Valley 1250°-1270° ; from Zermatk, 
1270°-1300° ; and from Zillertal, 1300°-1340°. The results with native diopside 
depend also on the nature o! the impurities, and the m.p. is reduced when ferrous 
oxide is present; with mixtures of CaFefSiOs), and OaMgfSiOjlj, V. Poschl 
found the m.p. ranged from 114Q°-I325° re.spcctively. and he gave for mixtures 
of enstatite and diopside ; 


Diopside . 
Sp. gr. . 
M.p. (mean) 
.’Vxial angle 


100 

75 

00 

50 

40 

25 
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3-08 

30-4 

3-25 

2-98 
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~ 
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H. Leitmeier observed that the m.p. is reduced when the mineral is very finely 
powdered. R. Akermann gave 444 cals, per gram for the, total beat Ol fusion ; 
while C. Doelter, 94 cals., and J. H. L. Vogt, 100 cals., for the latent heat of fusion. 
6. Tammaim gave for the heat o! solution of diopside crystals in 100 grins, of 
30 per cent, hydrofluoric acid mixed with 250 c.c. of l lV-hydrochloric acid 
472 cals, per gram ; and for diopside glass, 565 cals. Hence the beat ol crystalliza¬ 
tion is 93 cals, per gram. 0. Mulert obtained a similar re.snlt. 

E. T, Allen and W. P. White gave lor the indices of refraction of artificial 
diopside in Na-light, a —I (i64,|3--l'fi7l, and y—l'fi'Jl. each +0'(X)2. This gives 
for the birefringence y-a=-:0 030, y--j3- 0'023, and j3 -a -0()07. They also 
measured the indices of refraction, and extinction angles of solid soln, of 
combinations with 28-95 per cent, of magnesium metasilicate. Observations on 
the mineral were made by A. des Cloizcaux, K. Dufet, E. A. Wulfing, A. Schmidt, 
A. Michel-Levy and A, Lacroix, G. Nordenskjold, etc. (J. Flink and E. A. Wtllfing 
found: 


0 a y 


Colour LI N« Tl LI No t 1 LI Na Tl 

White . . l-««75 1(1710 1'6749 1 (1744 1 0780 1-0818 1-0002 l-700() 1-7045 

Yellowish-green 1 0097 1 0734 1 0770 1-0707 1 0804 1 0838 1-0990 1-7029 1-7057 

Gross geeen . — - 1 0889 1 0959 1-7003*.- 

Dark green - - - 1-7005 r;047 1-7100 - . 

Black . . 1-0950 1 0980 1 7030 1 7028 1 7057 1-7103 1 7244 1-7271 1-7320 

N. L. Bowen’s values for the maximum indices of refraction of the solid soln. of 
diopside and clinoenstatite were : 

Diopside . 100 92 84 75 06 50 37 19 (I [»r cent. 

Max.. . 1-094 1-092 1 084 1 084 1 878 1-875 1-071 1-805 1-000 

Min. . . 1-084 1-884 1-002 l OOO 1 065 1-055 1-053 1 061 1061 

E. T. Allen and W. P. White found the extinction angles on the cliuopinacoid 
or (OlO)-face to be —38-5° + !°; and on the prism or (llO)-face - ,39-9° ± 10. 
Measurements were made by G. Tschermak, F. J. Wiik, 0. Doelter, F. Jlerwig, 
P. Mann, W. C. Brogger, H. Rosenbusch, G. Flink, etc. The effect of ferrous oxide 
on the extinction angle on the (OlO)-face is: • 

FeO per cent. . 2-91 3 09 3 49 4-60 17 -34 20-29 

ExtinctiOtt . . 36«6' 38° 80' 37° 10' .39° 10' 40'45' 47” 60' 

G. Flink found for a white dioptase, the extinction angle 38° llj' with red light, 
38° 3J' with yellow light, and 37° 54J' with green light. F. J. Wiik reprinted 
the relation between the extinction angle and the per cent, x of ferrous oxide by: 



416 


INORGANIC AND THEORETICAL CHEmSTRY 

Bxtinotioa 8iieIe=35-5+0-8719a:-0 0187a!*; other formate have been given for 
other types of mineral. B. T. Alien and W. P. White, and A. Michel-Ldyy and 
A, Lacroix measured the efiect of the angle of the prism face with the orthopinacoid 
or (lOO)-face, on the extinction, and found a rapid rise for the first 40°; and for 
faces near the clinopinacoid, the changes arc slight. Diopside is optically positive. 
N. L. Bowen’s values for extinction angles, of solid soln. of diopside and clino- 
onstatite wore : , 


Diopside 


. 100 03 74-6 66 4^5 37 19 0 per cent. 

. 38 S" 37-O” 36“ 34“ 31-61 30“ 26“ 22“ 


The interference figures have been studied by JR. de Senarmont, and A. Bertin 
and co-workers. The pleochroism of the pyroxenes is so slight that it has been 
recommended as a test for distinguishinjf amphiboles from pyroxenes. There is, 
however, a distinct pleochroism when the coloured diopsides are rotated on the 
microscope. This subject has been investigated by G. Tsehermak. 

The electrical conductivity of diopside at ordinary temp, is too small to detect. 

0. Doelter found that at 1478° K., the conductivity is 
perceptible, and it increases with rising temp. He found 
the specific conductivity to be 0-009 mhos at 1340°, and 
0-039 mhos at 1366°. There is a marked increase when 
^ the mineral melts. The sp. electrical resistance curve, 

with a 1000 ijhms as unit, is shown in Pig. 103. 

'“!§ "'I I I |\1 I I G. A. Kenngott found that diopside, and the green 
"s ^ /< r[ I I ^ 1 black augites react strongly alkaline when moistened 

with water. W. B. and K. il. Rogers discussed the 
behaviour of diopside with water sat. with carbon dioxide. 





Teinperdturt 

Fiu. 103.—The Klectrical P- Sestini investigated the action of water at a high temp. 
Resistance of Diopside. A. Daubree found that steam at 400° decomposes diopside 
and small crystals of quartz arc formed. W. Suida showed 
that diopside is not coloured by basic aniline dyes, while more or less weathered 
varieties arc stained Hydrofluoric acid readily decomposes diopside, but other 
acids have but a slight action on the mineral, while the aluminous varieties are 
scarcely unaffected by acids. A. Becker studied the action of hydrochloric acid ; 
0. Doelter, the action of.dry hydrogen chloride; W. B. Schmidt, the action of 
sulphurous acid on diopside; J. Lemberg, the action of soln. of potassium carbonate; 
and C. Doelter, the action of soln. of sodium carbonate. The weathering of 
diopside in metarnorphic or igneous rocks may produce talc or serpentine, and 
sometimes epidote; it may furni.^i amphibole, tremolite, or actinolite. L. Milch 
showed that carbonates may also be formed. The aluminous diopsides may form 
chlorite, asbestos, etc. H. Rose described the passage of salite into the picrophyU 
of L. Svanberg —iris/xh, bitter; leaf, in allusion to the odour when 

moistened. L. .faezewsky de.scribed the transformation of diopside into chrysoUte 
serpentine. The pikarantile of T. Scheerer is a green product from Pitkaranta, 
Sweden, and is supposed to be derived from diopside or augite. Traverselliie — 
vide supra--is also derived from diopside; so also is uraltU. R. van Hise has 
disemsseft some of these changes. A. S. Eakle * described a hydrated 
silicate from the limestone of Crestmore, Cal., with a composition approximating 
2 (Ca,Mg) 0 . 2 Si 0 j.H 20 ; it may be H^fCa.MgjjSijO?, or hydrated calcium mag- 
ncsium^ dimctasilicate, 2 (Ca,Mg)( 8 i 03 ) 2 .H 20 . The mineral was called zurupaite. 
It forma compact spheres of soft,*silky radiating fibres. The oblique extinction 
corresponds with monoclinic symmetry. The mineral is easily decomposed by 
hydrochloric acid, and when moistened it gives no coloration with phenolphthalein. 
Less than one per cent, of water is given off at 120°, and alt is not expelled over 
Bunsen’s flame. 
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§ 31. Hydrated Magnesiuin Silicates 

A number of ill-defined hydrated magnesium silicates have been reported. 
J. N. von Fuchs i noted that magnesium hydroxide hardens rapidly in contact 
with a soln. of water-glass, although W. Heldt said that neither the hydroxide nor 
the calcined oxide suffers any change in contact with water-glass; J. Lemberg, 
however, said that under these conditions brucite is very slowly converted into a 
silicate which is gelatinized by hydrochloric acid, anth that magnesite in contact 
with water-glass at 100° for 10 days is partially converted into a silicate. 

Ry adding water-glass to a soln. of magnesium sulphate, W. Heldt obtained a 
gelatinous mass which, when dried at 100°, had the composition MgO. 3 SiO 2 . 2 HjO; 
and K. Ilaushofor similarly obtained a pw)duct 2 MgO. 7 SiO 2 . 6 H 2 O. J. Lemberg 
added to a sat. soln. of magnesium hydrocarbonate an eq. quantity of alkali disiheate 
soln. and obtained a precipitate approximating, when dried, to 2 MgO. 5 SiO 2 .nH 2 O. 
E. Tischler believed the hydrate MgSi03.2'31H20 to be a comstituent of sand-lime 
bricks; and he found that this product is obtained by heating a mixture of eq. 
proportions of silica and magnesia at 8-10 atm. press, in steam. B. von Ammon 
obtained hydrated magnesium metasilicate, a voluminous mass, by adding an 
excess of crystallized sodium silicate to a soln. of magne.sium sulphate. The 
washed precipitate forms a white opaline mass, which, when dried at 100°, has 
the composition OMgSiOj.SHjO. The moist precipitate dissolves in hydrochloric 
acid. Further observations on this Subject by A. Gages, J. Lemberg, etc., are 
indicated below. N. 0. Holst claimed to have found white or grey, radiating, 
crystalline masses with mother-of-pearl lustre, and with a composition correspond¬ 
ing with dihydrated magnesium orthosilicate, Mg 2 Si 04 . 2 H 2 (). Ho named the 
mineral mtricile. Its sp. gr. is 2'.53; and hardness, 3-4. It is attacked by acids. 
A. S. Eaklo found a white radiating fibrous mineral at Crestmore, Jurupa Mts., 
California, and ho cjilled it jurupaile. The composition approximated calcium 
magnesium dihydro-orthodisilicate, H 2 (Ca,Mg) 2 Si 207 . The crystals are probably 
monoclinic; tho sp. gr. is 2 75; tho hardness, 4 ; the index of refraction parallel with 
the fibres, 1'576, and perpendicular thereto, 1'568 ; and the birefringence, 0’007. 
The water is expelled only at a high temp. The mineral is doconipo.sed by dil. 
hydrochloric acid without^elatinization. 

There is some evidence in favour of the belief that three hydrated magnesium 
silicates can exist as chemical individuals; namely, serpentine, HjMgjSijOj; 
mmehaum or sepiolitl, Il 4 Mg 2 Si;)()jo ; and talc or steatite, H 2 Mg 3 Si 40 i 2 . There 
arc a few others whose indivuluality is leas well established : gymnite, Mg 4 Si 30 i 2 — 
vide deweylito; aphrodite, HoMg 4 Si 40 i 6 —from ‘ofipik, foam—of N. J. Berhn, 
A. Schrauf, and H. Fischer; spadaite, HjMgjSijOig.dHjO, of F. von Kobell and 
others which may bo mixtures of magnesium silicates with opaline silica, etc. 
In nature, tho magnesium oxide may be replaced by ferrous oxide, nickel oxide, etc. 

It is highly probable that the Aifti? /'(/nryv of Dioscorides’ Materia medica 
( 6 . 161), written about A.D. 50, and the ophites 0 /Pliny’s Historia naturalis (88. 7), 
published about A.t). 70, referred to a mineral resembling that now known as 
ser^ntine. The Latin term was translated serpentine by 6. Agricola; 2 SerpeiUen- 
stein, tmrtnor serpentinum, manmr zeblicium, or lapis serpenlinus, by A. B. de Boodt. 
Analogous terms wore used by J. 0. Wallerius, A. Cronstedt, L. A. Bmmerling, 
A. Estnor, C. A. Hoffmann, etc., and they have crystallized into serpentine in 
allusion to the green, serpent-like cloudings pf the serpentine marble. J. G. Wallerius 
used tho term lapis colttbrinus. R. J. Hatty regarded serpentine as a rook. In 
1759, A. S. Marggraf * detected magnesia in serpentine; and about the end of 
the eighteenth or the beginning of the nineteenth century, the mineral was 
analyzed by R. Kirwan, C. A. Gerhard, P. Bayen, R. Chenevix, J. F. John, V. Hart- 
vall, 0. B. Ktthn, C. G. Mosander, L. P. Lyohnell, F. Stromeyer, etc. A large number 
of analyses have since been reported.* 

Berpentine in nature may be associated with many other substances which can 
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be regarded as impurities. For instance, there may be much ferrous oxide present, 
and this may be due to admixed ferrous silicate.* Serpentine has presumably been 
formed in nature by the metamorphosis of magnesian silicates— e.g. olivine— 
and it can but rarely be regarded as a one-phase mineral. It is associated with 
other magnesian silicates as well as ferrous silicates. Ferric oxide and alumina 
may be present, probably as a result of the serpentinization of aluminous and 
ferruginous magnesifn silicates. There is also a series of analyses with a higher 
water-content than the nprmal 13 04 per cent., and another series with a lower 
water-content. There are also calcareous serpentines; some contain fluorine; 
and some have up to 10 per cent, carbon dioxide—presumably derived in part 
from the breaking down of the serpentine itself by carbon dioxide -r'lrfc infra. In 
a few cases, the presence of nickel, cobalt, cop|)er, chromium, and manganese oxides 
has been reported; likewise also *thc alkalies, sulphates, and phosphates. 
M. W. Travers found that serpentine from Zermatt contained 0 80 per cent, of 
hydrogen which was not present in the mineral as an inclusion, but was produced 
from the non-gaseous constituents by heat, say, 2FeO )-HoO--Fe 203 --|-H 2 . 

The idealized mineral has the composition of a magnesium tetrahydrodisUicate, 
H4Mg3Si20si. It is assumed that the hydrogen is not jiresipit as water of hydration 
because it is held so tenaciously when heated—CM/e infra. 11, Brauns rejiresents 
its formula MgfMgOHljIIaSiaO;. J. Jakob applied the co-ordination theory and 
represented it by 

F. W. Clarke, and F. W. Clarke and E. A. Schneider regarded serpentine as a 
derivative of a polymerized magnesium orthosilicate, Mg 4 (Si 04 ) 2 , namely, 
Mg.(Si 04 ) 2 H 2 (Mg 0 H). The assumption that some magnesium is present as 
hydroxide fits observations on the ultra-red transmission spectrum - m'de infra. 
S. Hillebrand regarded serpentine as a salt of the acid ll4Si20j ; and chrysotile 
as a salt of the acid llioSiiOj 3 . He considers these two minerals to be related with 
olivine as: 


(MgOMgljSijO, (Mg0H).U^Si40„ (MgOMgKMgOHj.H.Si.Ou 

Olivine. Scrpi-ntlne. Chryxotile. 


He represented serpentine and chrysotile by the fornn,ula Mg(lI(jSi 40 ij, and con¬ 
sidered them to be isomeric forms of the same silicate. G. Tschermak,® and 
R. Scharizer showed that the serpentine formula can be represented in two ways 
—one symmetrical and the other unsymmetrical: * 


HO.Mg.O 

H.O 


>Si. 0. Ki< 
o.jfg.b 


O.Mg.OH 

O.H 


HO 

HO 


>Si.O.Si< 

O.Mg.6 


O.MgOH 

O.MgOH 


The genesis of serpentine has been investigated by A. Quenstedt, M. Websky, 
etc. The general result shows that serpentine may be formed from any silicate 
rich in magnesia— e.g. olivine, pyroxene, amphibole, garnet, etc. It can also be pro¬ 
duced by the action of percolating magnesian waters on minerals like the felspars, 
which are non-magnesian. G. Tschermak represents the transformation of olivine 
into serpentine by the equation; 2 Mg 2 Si 04 -t-C 02 -|- 2 H 20 -H 4 Mg 3 Si 20 (,-’t MgCOs; 
and of diopside 3 MgCa(Si 03 ) 2 -t- 3 C' 02 -|- 2 H 20 .==H 4 Mg 3 Si 209 -|- 3 CaC 0 s-l- 4 Si 02 . 
R. Scharizer represents the serpentinization of olivine by the structural formul®; 


O.Mg.O 

Mg.O.Si.O.Si.O.Mg 

I 0 0 I 

O Hg Mg 0 

I G 0 I 

^.O.Si.O.Si 0.1^ 
O.Mg.6 

Olivine, (Mgi9iO,)4 


O.Mg.p 

Mg.O.Si.O.StO.Mg 
HO fiO llO HO 
HO HO HO HO 
Mg.O.Si.O.Si.O.Mg 
6 .Mg.0 


Serpentine, HiMgjSiiOi 




tilil 


IXNUitWAiNlU AJNiJ UtljKMlBXKI 


The carbonated water attach the magnesium atoms indicated in the above 
formula, forming magnesium carbonate. The olivine mol. simultaneously splits 
into two parts; each part furnishes a mol. of serpentine. Compare this with the 
formation of talc —vide infea. Similarly, also in the serpentinisation of a pyroxene 
or amphibole; 


O.Mg.O 

0 . SI 0. Si. 0 


jig 9 6 Mg 

0. si.o.si.0 
9.Mg.6 

Pyroxene, (MgSiO ,)4 


OH OH 

Mg OH' OH ^ 
a.8i.0.Si . 0 
6.Mg.6 

Serpentine, HiMgjSijO, 


V, Iskyul said that the serpentines are’metasilicates, and compact serpentine 
and chrysotile arc pyroxene silicates similar to enstatite, while antigorite is similar 
to anthophyllite. The colloidal origin of the minerals of the serpentine family has 
been discussed by 1'. Cornu. A. Gages claimed to have made serpentine a.s a trans¬ 
parent amorphous mass by allowing gelatinous magnesiiun silicate to remain in 
contact with dil. potaslg-lye for some months. J. Lemberg also made a serpentine 
by the action of a soln. of sodium silicate on magnesite for 10 days at 100°, by 
heating in a scaled glass tube monticcllite with a soln, of magnesium chloride for 
18 hrs.; and in other ways. 

Serpentine may occur massive, lamellar, foliated, fibrous, and crystalline. 
Serpentine as a rock may constitute whole mountains, and it is then associated 
with dolomite, magnesite, calcite, etc. The variety which makes a clouded green 
sometimes with white or pale green veins furnished the vert antique or ophiolUe of 
the ancients. It is used for interior decorative work, but if expo.sed outside, it 
soon tarnishes by weathering. Some varieties take a high polish, and can be 
turned in a lathe, making ornaments of various kinds. The so-called peeims 
or ndhk serpentine is a rich green of various shades, and more or less translucent. 
Q. P. Merrill called a banded serpentine from Mexico, n'colile—from rico, in allusion 
to its rich green colour. 


The texture of serfientiiio cim tfms be very variofl; nmny of tlio vuriotio.Mhavei’ocoived 
Rpeoial names, (i. T. Bowo^ * doscribed what iio reganfed aa a inoRHivo and granular 
nephrite, and J. 1). Dana oallorl it hoirmite. J. L. Smith and (1. J. Hrusli proved it to be 
Borpentino. A irnwuivo serpentine, yellow to green in colour, was deaenbed by T. Thomson 
and named rdmalite —from pvTlvq, rosin—in allusion to its waxy or resinous lustre. It is 
thought to be a mixture of serpoutino an<i <leweylif«. T. S. Hunt regarded it as compact 
serpentine. G. A. Kenngott describod,a brown or greenish-black variety which he named 
t'ornameritf. after J. Vorhauser. A. des Cloizoaux regarded it os a compact serpentine. 
J. I ). Dana called a variety resembling compact lithom&Tge porcellnphitc, and this is possibly 
the meerschaum of Taberg and Sala, Sweden. The antigorite of K. Schweizer is a thin 
lamellar variety from Antigorio Valley, Piedmont. It was also studied by G. J. Brush, 
an<i by G. A. Kenngott. V. Iskyul investigated tlio action of hydrochloric acid. A 
Inioellar apple-green variety from Texas was named u'illiatntiile by C. U. Shepard ; it was 
shown by R. Hermann, and by J. L. Smith and G. J. Irish, to bo serpentine. T. Nuttall 
describeil a thin foliated variety from Hoboken, New Jersey; and he called it marmolite — 
from ptippalptjo, I shine—in allusion to its pearly and somewliat metallic lustre. 
L. Vanuxem, and F. A. Gentli and G. J. Brush showed that it is a foliated serpentine. 
J. R. Blum’s mannotite was shown by A. Breithaupt to bo a variety of mica. A. E. Nordensk- 
jbld found a scaly variety of serpentine at Hopansuo, Finland, which exfoliat^xl when 
lieated, and which was hence named thermophytlite— S^ppri, heat ; a leaf. 

F. von Kobeil applied tiie name chrymtih to a delicately fibrous serpentine from 
Reiohenstein, in Silesia. It is named «from golden; rlxos, fibrous. Its colour is 

greenish-white, green, yellow, and brown. According to J. F. Hausmonn, the term includes 
most of the silky amtanikug or schiller asbestos of serpentine rocks. V. Iskjail examined 
the action of hydrochloric ooid on chrysotile. J. F. Hausmann applied the term picrolite 
to a fibrous and columnar variety of serpentine from Tabei^, Sweden. The term is derived 
from 9iKp6s, bitter, in allusion to its containing bitter-earth or magnesia. It was studied 
by F. Stromeyer, L. P. Lychnell, M. Welwky, R. Brauns, C. List, C. Almroth, etc. The 
liol^tmortfe of T. 'Hiomson was shown by C. F. Kammelsberg to be a chiysotile; and R. Her¬ 
mann, G. A. Kenngott, and C. von Hauer described impure varieties. L. F. Svanbei^’s 
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hydrophiU —named in allusion to the water present—is a dark green librouii i»erj>entiuo 
from Tabe^, Sweden. H. Fisoher found it to be impregnated with magnetite. M. tVebsky 
regarded it as a ferruginous metaxite. A fibrous greenish-black cnist, found by 
C. U. Shepard on the magnetite of Monroe, New York, was named jeniiniiiu, after 
J. Jenkins. It was shown by J. L. Smith and 0. J. Brush to bo a form of hydrophito. 
A. Breitfaaupt described a silky fibrous mineral fmin Schworzenberg; and ho namcKi 
it metaxite —from fUra^a, silk. A. Delosse, R. Brauns, and M. Websky showed that it is 
a fine-fibred serpentine. A. E. Arppe, K. Hallsten, F. J. ^Viik, and G. A. Kenngott have 
examined the mineral. *A. £. Arppe’s picrojluite proved to be a mixture of fiunrite, mag¬ 
netite, and metaxite. , 

A. Frenzel obtained a serpentinous mineral from Zoblitz, Saxony, and heneo termed 
zdblitzite. It was also described by C. F. Kammeleborg. R. Brauns doatinbed the mineral 
radiotine from Wallenfels, Nassau; and named un account of its radial stnicture. H. Bnutna 
named a serpentinous mineral from Araelosc, Hessoii, after M. Websky, wfhskyiti'. It was 
also studied by F. Cornu, knd is probably an alteration product of serjM'utine. The mineral 
limbackite, from Limbuch, Saxony, was eho^frn by A. Frenzel to be an aluminoim serjieiiline. 
F. P. Dunnington obtained asimilar mineral from Webster, Carolina. A. Schraut described 
the mineral enophile, from Kiemze, Bohemia, ns a ehlorite-like serpentine. Breitliaupt 
obtained from Waldheim, Saxony, n green massive mineral with a resinous lustre; no 
called it dermatine—(rom Sipua, skin—m allusion to it.s occnrnwo as an iiicnistation on 
serpentine. It is probably colloidal. Al. F. He<ldle obtained a fawa-coloiinMl serjiciitinous 
mineral from Totaig, Scotland, and hence lie called it toiaiijifc. W. Haidinger descrilxMl 
a mineral from Engelsborg, Bohemia, which ho naiiuvl pu'rounmnr from bitter; 

odour. It has some relationship with talc, lunl \\\ F. Foshag classos it with the 
talcs. It was disciiascd by G. Magnus, A. Frenzi’I, fl. Fischer, nnd C. F. Ramrneislierg. 
M. F. Heddle found in various parte of Scotland a kin<i of moiintain cork or mount am livither 
as piio/ite—from felt. Its composition corresponded with 4MgG. AljOa lOSiOj. IftH/). 
J. Henderson also descnbod a specimen from New Zealand C. U. Shepard foun<l a ser- 
pcntinous substance which ho called pellM*mnc—j)>’Iftannl('- in the asbestos mine of J’elha. 
Mass. N. NordenskjOld describetl a sorpentinous mineral from Zermatt, Sidiwoiz (Switzer¬ 
land), and he calleil it zernuUtUe, while A. von Forsiuaun calleil it Hrhwrizrrite. 
A. Breithaupt found a mineral in Frankenstein, Silesia, wliieh lie named cendilr 
Ktjpis, wax—in allusion to its vitreous, resinous appearance. It was also described by 
0. B. Kiilm, R. Hermann, and F. A. Genth. F. Fock called a variety from Zillorthal, 
Tyrol, meinaphyllite ; it contained 2 per cent, of soda. 

E. Emmons reported amorphous brown or yellow granules, resembling the apiionranco 
of gum ambic, from Bare Hills, Md. The mineral was called dcMryWc after ('. Dewey; 
and r. Thomson called it giftnniie. —nakeil—in allusion to the locality wlum 
the mineral was found. Si>ecimen8 wore dcscribeil or analyzed by C. U. Shopanl, T. '1 horn- 
son, J. Oellaclier, F. von KoboU, K. Haushofor, Widtormann, A. Bukovsky, b. A. (lenth, 
W. Haidinger, F. von Richthofen, L. hiobonor and J. Vorhauser, E. Hatlo, E. JUilo and 
H. Tauss, and E. F. Smith and 1). B. Brunner. Tho composition corn>8poiids with 
MgiSiaOij.nHjO; and it is usually represented as magnesl&m tetr»hydrotr!orthoilUcate, 
H 4 Mg 4 (Si() 4 ),. W. W. Coblontz found the ultra-red transmission spectrum of deweylite 
gave strong banils at 3g and 6ju, making it appear that tiio w^ter is prewuit as 
crystallization ; in the u]tra-ro<l reiloction spoctmni there are maxima at litlfi/i and 10 oa- 
F. Cornu found tho moistened mineral reacted alkt^ine towards litmus. M. H ohsky said 
the structure is like that of chalcwlony. F. Zamhonini regards it as an adsorption 
product. J. Jakob applied the co ordination formula : 


rsio 

[SiO 


•SiO. 


Mg. 

(HAMg), 


to deweylite. Another mineral like deweylite in many respects was oxsiniticd hy D. Fogy, 
F. A. Gonth, and F. Zamboiiini. The composition corresponds with Mg,8i,0,.;iH,(). 
F Zamhonini called it psoudodowcylite, and he considered it to bo a hydrogel. 'Hieir 
optical behaviours are similar. A. Kreitlioupt desorilied a translucent yellowish or 
greenish-whito mineral which was rather different from deweylite, and he calW it 
nwlopsite—from gsx.r, apple: o+os, moat It was analyzed hy F. Gopiielsnider. I'.Zam- 
bonini, and 1). Fogy examined the loss of water under various conditions. A ferruginous 
gymnite—iron-gymnite—was examined by T. Thomson, and E. Hetle and H. Trauss. 

^rpentino may be nearly white or coloured various sbadcA of green, brownish- 
red'' or brownish-yellow. On exposure to air, the bghter shades may become grey. 
The oyrtals are pseudoraorphs after chrysolite, pyroxene, amphibole, spinel, 
garnet, titanite, chromite, etc. 6. Friedel argued that the pseudocubic crysUis 
found at Brewster belong to serpentine itself, and are not pseudomorphs after an 
unknown mineral. The properties of the crystals correspond with those of the 
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monoclinic system. P. Groth regards antigorite as monoclinic, and olirysotile 
as rhombic; H. Michel also saysfibrous serpentine is rhombic. These two varieties 
are regarded as isomeric forms of serpentine. The crystalline structure has been 
discussed by M. Websky, A. des Cloizeaux, E. Reusch, P. J. Wiik, E. Hussak, 
H. Rosenbusch, A. Michel-Ldvy and A. Lacroix, G. Tschermak, H. B. Patton, 
R. Brauns, T. G. Bonney and C. A. Raisin, A. Hamberg, R. B. Hare, etc. Accord¬ 
ing to W. H. Miller, the optic axial angle is 2E=22“ 20' fosthermophyllite; and, 
according to A. des Cloizeaux, 2A'=36° 26' at 26°, it i& reduced about 2° by raising 
the temp, to 196°. H. Michel gives for the axial angle of fibrous serpentine, 
2E=16°-50°; and for antigorite, 2E=16°-98°. G. Tschermak said that the axial 
angle depends on the iron content of the mineral. 

The speciflo gravity was determined by^many of those who analyzed the mineral 
—vide supra. Specimens low in iron oxide and alumina have a sp. gr. ranging from 
2'65-2’69; and the sp. gr. is raised by iron oxide, and lowered by alumina. The 
hardness of fresh serpentine is 3-4. Specimens with a hardness approaching 6 
are supposed to be admixed with opaline or chalccdonic silica. L. H. Adams and 
E. D. Williamson found the compressibility of serpentine to be j8=l'80xl0““ 
at 2000 megabars and l'38xl0^ at 10,000 megabars; or ^=0051804- 
0'Oio532(p—po). The specific beat of serpentine was found by A. S. Herschel and 
G. A. Lebour to be 0'27-O’28; by P. W. E. Oeberg, 0'2580; by J. Joly, 0 2529; 
by H. Hecht, 0'251 between 0° and 100°; by G. Stadler, 0 2439. k denotes the 
heat conduefivity ; c, the sp. ht.; and 1), the sp. gr., (fi—kfcD, and H. Hecht 
found o2=0 0113, and G. Stadler, 0 0128. 'fhe thermal dehydration of serpentine 
has been studied by J. Lemberg, C. P, Rammelsberg, and others. A small pro¬ 
portion of water is expelled at 105°, but the bulk is lost only at a red heat. Thus, 
P. W. Clarke and E. A. Schneider found the percentage loss with four samples of 
serpentine: 


Water lost at 105® 

0-90 

1-53 

2-04 

2-26 

.. .. 260® 

0-65 

0-44 

0-71 

Id 

383®-412® 

0 27 

U'62 

0-27 

0-08 

.. 498®-627® 

0-23 

— 

0-56 

042 

red heat 

12-37 

10-58 

11-81 

11-32 

„ white boat 

t 

0-28 

0 04 

0-25 

0-17 


P. Zambonini found that with chrysotile confined over cone, sulphuric acid of sp. gr. 
L835: 

f 

Hours exposed . . 2 ^ 6 25 73 121 

Per cent, water lost . 1-71 1'98 2 18 2 37 218 


The serpentine so dehydrated readily absorbs water again. He also measured the 
water lost at different temp, in a current of humid air by chrysotile with 15’4 per 
cent, of water, and bowenite with 13'20 per cent, of water: 


126" 250” 

Chrysotile lost. . 2'62 2'87 


820” 346” 480” 

318 3 35 3’32 per cent. 


U6“ 

Bowenite lost . 0'28 


ISO” 260” 300’ S96” 

047 0-59 0-69 0'7fl 


440” 

0-81 


466” 

0‘94 per cent. 


A. Daubree. and V. Iskyul believed that when melted, serpentine breaks down into 
enstatite and olivine: IIjMgsSijOj-SHoO-l-MgjSiOi-l-MgSiOa. According to 
H. Leitmeier, measurements of the point showed that serpentine from 

Snarum softened at about 1480° and was quite liquid with rapid heating at 1550°. 
The f.p. was 1400°, and olivine crystallized out, but no enstatite appeared. A. Michel- 
L4vy and A. Lacroix gave for the indices ol refraction of antigorite o=l'660, 
P=1 '574, and y= 1 '571 . A, des Cloizeaux gave j8=l '574 for red light. H. Michel gave 
0'013 for the birefringence of fibrous serpentine, and 0 011 for antigorite; he found 
the birefringence of villarsite to be strong, and that of radiatine to be medium. The 
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optical character of fibrous serpentine was positive, and those of antigorite and 
radiotine, negative. The optical properties of serpentine minerals have been studied 
by J. K. Schnell, K. Schuster, M. Websky, R. B. Hkre, E. Reusch, F. Becke, 
H, Wiegel, R, Brauns, W. H. Miller, A. des Cloizeaux, G, Tschermak, M. Stark, 
etc. A. Michel-Levy and A. Lacroix said that antigorite is feebly idMChnfio in 
that a and ^ are a paler green than y. H. Michel also said villarsito is strongly 
pleochroic. W. W. Coblentz found that serpentine has absorption bands in the 
ultra-red transmission spectrum at l i/i, 3/i, 5fi, 6-6/*, Ti/i, 81/z, and 8'6ju. The 
large absorption band at 3/i corresponds with the assumption that hydroxyl groups 
are present. There are maxima at 9’7/i and lO'5/i in the reflection spectrum. 
W. Suida observed that serpentine is readily stained with aniline dyes— e.g. fuchsine, 
and methylene blue—and F. Cornu noted that the stained mineral is strongly 
pleochroic. 

According to G. A. Kenngott, powdered and moistened, calcined or uucalcined, 
serpentine has an alkaline reaction. The mineral is readily attacked, and partially 
dissolved by water with carbon dioxide in soln. R. Muller found r24 per eent. 
passed into soln. H. Leitmeier found 3'68 per cent, was dissolved by the action 
of carbonated water on serpentine from Kraubath, Steiiymark; and the soln. 
contained 3 07 per cent, of magnesium oxide, 0 38 of ferrous oxide, and 0 23 of 
silica. C. R. van Hise represents the action of water by: IIiMgsBijOiid H 2 O 
= 3 Mg( 0 H) 2 + 2 Si 02 ; and the action of carbon dioxide by HiMgaSiaOj+OGj 
=MgC08+2Mg(0H)2+28i02. F. W. Clarke and G. Steiger heated serpentine 
with ammonium chloride in a sealed tube for 5 or 6 brs.; and leached the cold 
product with water. They found 018 per cent, of silica and 5 53 pet cent, of 
magnesia passed into soln. A. Lindner also studied this reaction. F. W. Clarke and 
B. A. Schneider said that a soln. of sodium hydroxide does not attack serpentine, 
but if the mineral has been strongly calcined, from 2'00~b’23 per cent, of silica passed 
into soln. A. Lindner studied the action of potassium hydroxide. F. W. Clarke 
and E. A. Schneider found that when heated to 383“-412° in a stream of 
dry hydrogen chloride, serpentine, unlike talc, is attacked, and when afterwards 
treated with water, from 9'98-16-73 per cent, of magnesia was extracted as chloride. 
The iron silicate is also attacked. A. Lindner, and R. Brauns also ii^estigated 
the action of hydrogen on serpentine. Serpentine is attacked by hydrocUonc 
acid, and more readily by sulphuric acid, with the sepaxation of gelatinous silica; 
fibrous serpentine— e.g. chrySotile—yields fibrous silicic acid. A. Terreil founil that 
all the magnesia and iron oxide dissolved by boiling with ^lonc. hydrochlorm acid. 
V. Iskyul studied the action of hydrochloric acid, and the solubility of silica in 
serpentine, antigorite, and chrysotile. A. LinSner examined the effect of aocnc 
acid. H. Ota and M. Noda found that powdered serpentine does not show the 
indophenol reaction. The weathering of serpentine has been studied by A. Schrauf, 
and C. R. van Hise; and A. Lacroix investigated the action of the vapours from 

fumaroles on serpentine. , , 

In his Historia txUuralis (19. 4; 86. 31. c. 77 a.d.), Pliny refers to a rare and 
costly cloth, the cremation cloth of kings, which he called hnum yivum. He 
thought that it was of vegetable origin, and gave an imaginary description of its 
growth in the deserts of India. He said that it was called by the Greeks astohnon 
—from o, not; and (r/3«We/u, to extinguish—in allusion to its incombustibility. 
He also mentions the amianthus or the a/iuin-os Ai'fe of Dioscorides, He «io/ctw 
medica (6. 155)—from a, not; /naiVtir, to stain—also indestructible by fire. 
Near the beginning of our era, Strabo, in his Geographiai (10. i, 6), desenbed the 
occurrence of the mmeral at Carystus, Bubma; Pausanias, in his Qraxta aesenptu 
( 1 . 26), written in the third century, also mentions the properties of the mineral 
occurring at Carpasius, (^ms; and Plutarch, in his De di^edtone oraci^m 
( 6 . 2), in the first century of our era, said that the asbestos was used in ancient timM 
for making the wicks of the lamps used by the vestal virgins. In the thirteenth 
century, Marcus Polo in his Travels (1. 39) mentioned an mdestuctible cloth made 
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by the Tartars which was said to be made from the skin of the salamander, supposed 
to live in fire, but which was found to be woven from a fibrous mineral called 
amicanto. The knowledge of asbestos possessed by the ancients appears to have 
been forgotten. Apart from a few isolated cases, the industrial applications of 
, asbestos did not attract serious attention until towards the middle of the 
nineteenth century.8 

The term asbwtos includes two distinct minerals—actiiyrlite and chrysotileT- 
both of which have a fibrous structure, silky lustre, at^d a more or less pronounced 
green colour. Tremolitc, actinolite, crocidolite, serpentine, and the palygorskite 
minerals can form fibrous asbestos. Crocidolite is also known as blue asbestos. 
Actinolite, and tremolite arc varieties of hornblende asheslos, or amphibole asbestos ; 
and chrysotile is a variety of serpenline asbestos. Both arc hydrated ma^esium 
silicates, but actinolite is usually associatdll with more impurities, chiefly lime and 
iron oxide. Aualy.ses of commercial samples gave: 



SiO, 

AljOj 

FoO 

MgO 

CaO 

H,0 

Actinolite . 

. 01-82 

1-12 

o-ris 

23*98 

1-63 

5-45 

Chrysotile 

. 4018 

2-24 

101 

41*75 

000 

3-81 


The sp. gr. of actinolite varies from 3’02-3'17, and that of chrysotile from 2’2-2'3. 
Chrysotile fibres arc much more elastic than those of actinolite. When rubbed 
between the finger and thumb, actinolite splits into harsh brittle fibres, whereas 
chrysotile fibres are elastic and tough,^o much so that it can be spun into articles 
of various kinds. Crocidolite is more elastic and possesses a greater tensile strength 
than chrysotile. Chrysotilc-asbestos is decomposed by hydrochloric or sulphuric 
acid; tremolitc is not attacked by acids; while crocidolite or blue-asbestos is fairly 
resistant to acids, chemical soln., and sea-water. C. Matignon and 6. Marchal 
examined the corrosive action on asbestos of water in the presence of carbon dioxide 
under 10 atm. press, during 3 years. R. E. Wilson and T. Fuwa measured the 
water adsorbed by asbestos from air of different degrees of humidity. 

Chrysotilo-asbestos loses water at a red heat, not below, and thin fibres can be 
fused in the Bunsen flame; tremolitc-asbestos fuses with difficulty; and croci¬ 
dolite readily fuses to a black glass. When the water of hydration has been 
expelled, the fibres become brittle, and crumble to powder when rubbed. Asbestos 
fireproofing and building'raaOsrials have been the subject of numerous patents. 
The heat-insulating qualities of asbestos have been tested by W. R. Degenhardt, 
H. Pratt, C. R. Darling C. G. Lamb and W. G. Wilson, P. Bacon, W. Nussolt, etc. 
G. Sever found that asbestos is a better non-conductor than magnesite, but the 
latter has a greater electrical resisfance and “ break-down ” voltage. The electric 
conduction and dielectric capacity of asbestos were discussed by W. S. Flight. 

Spun asbestos is used for steam packing, fireproof curtains, etc.; os cloth, twine, and 
rope it is used as an insulator for steam and hot-water pipes and cold-storage plants; and 
as a lining for safes, stores, and furnaces. Along with other materials asbestos is made into 
bricks, tiles, millboards, plasters, and paints. Some of tbe preparations have special trade- 
names—c.g. iiralite^ maruimte, ceilmtie, cubestoltle, etc. Uralite is a mixture of asbestos 
fibre, chalk, sodium carbonate, and water-glass moulded and heated in a stove. Asbestos 
in libroud powder nuxed with powdered clay or other refractory earth can be made into a 
paste with water and moulded into retorts, crucibles, or bric^; then dried; and fired. 
The Soci6td M<irun make an asbestos “ porcelain ” from a mixture of about 70 per cent, 
of powdered asbestos and 30 per cent, of powdered steatite which is plastic enough to 
mould into bricks and larger quarries. When fired below 1400° tbe mass is firm and 
porous, and as the temp, approaches 1400°, the biscuit becomes more and more translucent 
and porous as the individual particles contract; between 1400° and 1650°, incipient vitrifi¬ 
cation occurs, the porosity diminishes; above 1650°, the mass fusee. Asbestos " porcelain " 
is used for diaphragms, and porous cells for electro-chemical work since the material is not 
attacked by ordinary acids and bases. 

The mineral meenchaum has long been known. J. L. Smith* described 
it as occurring in earthy or alluvial deposits at the plains of Eskibishet, 
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Am Minor; and aa b«ing formed by the decomposition of the magnesium car¬ 
bonate embedded in the serpentine of the adjacent mountains. More or less 
magnesium carbonate is often found in meerschaum, so that B. J. Uatty could 
call it wne mriete sUicifere tpongieuse de magnesie carbonatee. A. Brongniart, 
indeed, under the term magnisiie included (i) the carbonate, (ii) the hydrated 
silicate or meerschaum, and (iii) a siliceous carbonate from Piedmont, but 
F. S. Beudant reservec^the term magnesite for meerschaum, and called magnesium 
carbonate, gioberite. Many ^french mineralogists adopted this nomenclature, but 
it is not justifiable on historical grounds. The name meerschaum was applied by 
A, G. Werner in 1788 ; it is the Gennau word for sea-foam; which in French 
becomes I’eeume de mer. The term may have been intended to emphasize the 
porosity and colour of the mineral, or the fact that when freshly dug it is soft, and 
forms a lather with water; or, as A. Estndr expressed it, because it cine schaumartige 
LeichtigkeU hat, und meistens von der Seehmle zu tins gd)rack wird ; he also said the 
term may be a corruption of the local word Myrsen. E. F. Glocker proposed the 
term sepiolUe from a-girin, cuttle-fish, which has a light and porous bone-like struc¬ 
ture, and being also a product of the sea deindc sjnimam niarinam sigmjicabat. 
K. Kirwan called the mineral keffekiU. 

The mineral is used commercially for making tobacco pipes, and cigar- and 
cigarette-holders. In Spain, it is used as a building stone. The mineral in Morocco 
is used in place of soap in the Moorish baths of Algeria - hence the terra piem de 
Savon de maroe. Descriptions of the Asia .Minor deposits have been made by 

C. C. von Leonhard, L. A. Emmerling, X. Landercr, A. Daiuour, etc.; and deposits 
in other localities have been reported by M. von Hantken, J. R. Blum, V. von 
Zepharovich, etc. Analyses of meerschaum were mad(! by J. C. Wicglcb, M. H. 
Klaproth, L. P. Lynchnell, T. Scheerer, A. Damour, A. Schrauf, F. von Kobell, 
X. Landerer, P. A. Dufrenoy, P. Berthier, A. U. Chester, A. Lacroix, A. von Fers- 
mann, F. Zambonini, M. Kispatic, F. Katzer, J. W. Ddborciner, D. Fogy, 
W. T. Schaller, C. F. Eammelsberg, H. B. von Foullon, A. Liversidge, E.Wcinschenk, 
F. Kovar, G. P. Merrill, P. H. Walker, etc. 

The water of the analyses is significant. A. H. Chester found that about half 
of the 19 -20 per cent, of water passed off below 110°, and the remainder between 
200° and a red heat. Observations on this subject were made by E. Weinschenk, 

D. Fogy, and F. Zambonini. J). Fogy found that over cone, sulphuric acid, the 
mineral loses 6'53 per cent, of water, and 5'14 per cent, over calcium chloride. 
According to F. Zambonini, the loss of water at different tony), is : 

120" 166’ 200’ 280” 3«0” 400” 476” 

Loss . . . 18-69 19-21 19-33 19-92* 20-92 21-74 21-96 per cent. 

In T. Scheerer’s analysis, the ratio SiO.,,: MgO - 9:4; and C. F. Rammelsberg 
gave 3:2. The latter is the value usually acce])ted. This makes meerschaum 
magnesium tetrabydrotiisilicate, H4Mg2Si80]o, or Mg2Si309-b2H20; F. Zam¬ 
bonini gave MgaSijOg.nHjO. H. Michel, and B. Sterett regarded the mineral as 
a colloid, and this agrees with F. Zambonini’s observations on the dehydration and 
the substitution of the water by alcohol and other substances as in the case of the 
zeolites (q.v.), D. Fogy obtained metawlicic acid when the mineral is trealVul with 
acid, and hence argues that it is a metasilicate, (MgOHjMgHjSiaOj; and C. Doelter 
assumed that the water removed by cone, sulphuric acid is physically bound, and 
wrote 2(MgSi0s).HaSi03.nH20, where n is one or more than one. L. Oolomba 
gave HsMgSisOjj. J. W. Dobereiner laid that an artificial meerschaum can bo 
madp by precipitating a very dil. soln. of magnesium sulphate with one of potassium 
silicate, well washing the pasty precipitate, and drying it in air. 

Meerschaum is found in irregular nodules which are opaque, with a dull lustre 
somewhat resembling ivory in appearance. The colour is white, pale grey, or cteiua, 
and sometimes pale green. The mineral is dull and earthy in appearance, but it 
can be polished by rubbing with the finger-nail which presses the particles close 
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together. Meerschaum is so porous that it adheres to the tongue, and floats on 
water. It rarely occurs fibrous. A. Lacroix said that the so-called compact 
amorphous mineral is composed of minute scale-like crystals. A. von Persmann 
applied the term pam-sepiolUe to meerschaum, which is largely crystalline. 
W. Vernadsky called it a-sepiolite; and the colloidal gel meerschaum is called 
P-sepiolite—vide infra. They gelatinize differently when treated with hydrochloric 
acid. F. Zambonini says that the gelatinization of the sepiolites depends on the 
conditions of the experiment and not on the constiti^tion of the mineral. He also 
studied the dehydration of the mineral, and found about half the water is lost at 
100° over cone, sulphuric acid; and most is expelled at 500°. When melted, 
enstatite and silica are produced. L. C'olomba said that the crystals of meerschaum 
are pseudo-hexagonal. H. Michel gave for the optic axial angle 2F=40°-50°. 
The sp. gr. of meerschaum depends on thd water content, and is about 2; the hard¬ 
ness is also about 2. H. Michel found the indices of refraction to be a=l'615-l'619, 
and y---l'525-l’529 ; the birefringence is y-a=0'009. F. Tucac found that the 
fibres of meerschaum become pleochroic after taking up organic agents. F. Cornu 
said that when moistened with water it reacts alkaline. The mineral is gelatinized 
by hydrochloric acid. W. Suida found that meerschaum is readily stained by 
basic aniline dyes. According to H. Michel, the behaviour of the meerschaums 
towards aniline dyes, show that they are mixtures of a fibrous, crystalline silicate 
with constant optical properties, and of a gel. The crystalline constituent is basic 
and absorbs acid dyes, whilst the isqtropic substance is acidic and adsorbs basic 
dyes. When a finely powdered sample of meerschaum is subjected to the action 
of a solu. containing methylene-blue and magenta, it is found that the mineral 
becomes blue and the soln. red. This is attributed to the much greater rate at 
which the basic dye is absorbed by the gel. It is used like fuller’s earth for absorbing 
grease, The variable water content of the meerschaums is probably connected 
with the, varying proportion of the two constituents, for the constancy of the 
optical properties of the crystalline constituent would seem to show that the 
proportion of water in this is quite constant. 

A soft earthy mineral from Liingban, Sweden, was nanied by N. J. Berlin ajroditf, 
or aphrodite—horn hi>p6$, foam. It was examined by A. Sehrauf, T. S. Hunt, and H. Fischer. 
It resembles sepiolito or meerschaum; its composition, according to C. F. Kammelsberg, 
approximates HdlIg 48 ijO,,t Tho sp. gr. is 2'21, T. Scheoror obtained masses of stellate 
fibres from Arendal; and compact masses liavo been obtained from Fisenack, and Riesen- 
gebirge. The mineral was named neohtf —from vios, new. The colour is green or brown; 
tho sp. gr. 2’62t5-2‘837^and the hardness 1-2. Observations on the mineral have been 
rootle by C. M. Kereten, P. Herter and F. Forth, A. Frenzel, and V. von Zepharovich. 
F. von Kobell found a fiesh-red amorphous mineral filling tho spaces among the crystals 
of wollastonite in tho loucitic lava at Capo di Bovo, Rome. He called it spadaik —after 
Medici Spada, The analysts corresponds with SMgO.fiSiOj.dHjO, or, according to 
C. F, Ramroeisberg, H|Mg| 8 i| 0 i 4 . 3 H, 0 . H. Fischer said the mineral is not amorphous 
but eryptoerystalUne, 

In his Ilfpi Aider, Theophrastus refers to the pttynjris Aidoj as being a white mineral 
with a silvery lustre, and easily cut into any shape or figure. This description 
applies_to steatite or talc, but tbe word “talc” docs not occur in the writings 
of Theophrastus, Dioxoridcs, or Pliny. G. Agricola h gave Takk, Silhenmss, 
Katzensilber, and Glimmer as synonyms tor magnetis. Gbmmer is the present- 
day German term for mica; and probably talc was confused with some of the 
micas. G. Agricola referred to thj fire-resisting qualities of talc, and referred to it 
as lapis Kissilis. The name talc is generalfy considered to be of Arabic origin, and, 
according to C. Hintze, talc frequently appears in the recipes of the Arabian writers 
of the tenth to twelfth centuries. J. H. Pott quoted Avicenna: “ the aster samius 
is tallz.” U. Aldrovandus stated that the term is of Moorish origin, and that 
hoc nomen appud Mauritanos skUam significare iidlur. The term star or star of 
the earth is an old name for the mineral, suggested by the silvery lustre. A. Breithaupt 
suggested that the term talc is derived from the Swedish lalja, to cut with a knife j 
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but this is very doubtful. J. H. Pott added that the word cannot be of German 
origin because there is nothing to show that Avieenna, who first used the term, 
ever came into contact with the Germans. In 1636, B. Caesius used the word 
takihus for the mineral. A. B. de Boodt used talcum ; J. G. Wallerius, cteta 
Briamonia, cretaBispanica, erda Sartoria, and Idgstein or lapis ollaris ; A. Cronstedt, 
Ta^m, tUlgslen, Speehstein, and steatite. The word steatitis occurs in Pliny’s 
Historia naluralis as thf name of an unctuous stone. A. B. de Boodt also employed 
the term steatite. J. B. L. $om4 de I’Isle classed talc and steatite with the argil¬ 
laceous minerals, and, like R. J. Hatty, regarded steatite as une varieli de espice talc. 
The mineral was analyzed by M. H. Klaproth >2 in 1797, and by L. N. Vauqiielin 
in 1800. Since then numerous analyses have been made, and many occurrences 
reported. Alkalies are usually present in very small proportions, if at all. Lime 
may be genetically connected with the* derivation of talc from dolomites. In 
some cases the lime is present as admixed carbonate. Ferrous and manganese 
oxides are commonly present, possibly as silicates in solid soln. Nickel oxide is 
not uncommon—^may be as a solid soln. of the oxide or silicate. Magnesium 
silicate is coloured green by nickel oxide. Chromic oxide is sometimes present, 
and the green colour of some specimens of talc is attributed by F. Cornu and 
K. A. Redlich to the tinctorial properties of that oxide. Alumina may be present 
in talc derived from chlorites and aluminous magnesium minerals. M. W. Travers 
found that talc from Greiner gave off. when heated, 0 04 per cent, of a mixture of 
carbon monoxide and hydrogen, and 0'07.per cent, of carbon dioxide. These 
gases are supposed to be produced by the action of ferrous oxide, water, and car¬ 
bonate, and are not included in the mineral: 2FeO f H. 20 ---Feo 03 f ; and 
2 Fe 0 -|-C 02 ~Fe 203 -|-C 0 . From the collection of over a hundred available 
analyses, it is not quite clear what is the composition of the idealized mineral. 
B. Weinschenk gives MgO, 31'72 per cent.; Si02, 63’52 per cent,; and water, 4’76 
per cent. This comes near to the generally accepted formula: 3Mg0.4Si0.2.H20. 
The analyses exhibit a variation in the Mg: Si ratio from about 1:1 to 4:3; and 
the water ranges from 3 to over 7 per cent. C. F. Rammclsberg gave for the ratio 
Si: Mg, 4:5; and for the ratio H : Si, nearly 1:2. The above formula makes 
talc to be magnesium dihydroteirasilicate, H 2 Mg 3 Si 4 G 12 ; but the formulae, 
ILMg 4 Si 60 i 5 , and H 4 Mg 4 Si 602 e, have also been used to represent the composition 
of talc. W. F. Foshag found a sample from Russell, Mass., to lose 0 5 per cent, of 
water after standing over sulphuric acid for 23 days; 4'04 per cent, was lost at a 
dull red heat, and 3 4 per cent, of water was retained. Thejoss of the water at dull 
redness is not attended by any essential change in the optical properties, but 
when tbc firmly bound water is driven off the nfhterial loses its homogeneity. The 
water is assumed to be an integral part of the mol. because it is expelled only at 
comparatively high temp. In accord with F. W. Clarke and E. A. Schneider’s 
observation that soda-lye extracts about 17’36 per cent, of the silica from talc 
which has been calcined, the formula can be written, 3 MgSi 03 .H. 2 Si 03 , which 
makes the compound a tetrametasilicatc, or, regarding SisOj as a quadrivalent 
radicle: 


>Mg 


Talc appears to be formed in nature in many ways, most commonly by the 
hydrolysis of the pyroxenes or amphiltoles: 4Mg8i08-f H 20 -f C 02 =H 2 Mg 3 Si 40 i 2 
-pMgCOs; and Mg3CaSi40i2-bH20-fC02=H2Mg38i40i2-|-CaC08. The reactions 
resemble those involved in the formation of serpentine. F. Cornu and K. A. Redlich 
trace the talc of Mautem, Styria, to the action of magnesian waters on the neigh¬ 
bouring schists. This subject has been investigated by C. H. Smyth, J. H. Pratt, 
A. A. Julien, A. Gurlt, C. H. Hitchcock, E. Weinschenk, J. Rompf, J. Roth, F. Cornu 
and E. A. Redlich, etc. C. Doelter discussed the colloidal origin of talc. 
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R. Sch&n 26 r likens the fornifttion of talc irom enstatite to the formation of ser¬ 
pentine from olivine, and of kaolinite from orthoclase. The idea is illustrated by 
the graphic formuhe: 


O.Mg.p 

0 . Si.O.Si.O 

MgO 0 ¥8 

0 . Si.O.Si.O 
6 .Mg.() 

Enatatito, (MgSiO,)| 


OH .OH 
p.Si.O.Si. 0 
Mg p 6 Mg 
0 . Si.O.Si. 6 
• 6.Mg.6 
Talc, H,MgjSi,0„ 


when the conversion of enstatite to talc simply involves the removal of an atom of 
magnesium and the substitution of eq. hydrogen atoms. There is no change in 
the type of salt since both minerals are regarded as metasilicates, and both resist 
attack by acids. 

Talc has not been unequivocally synthesized in the laboratory. J. Lemberg i* 
allowed a dil. soln. of sodium silio.ate to act on magnesite at 100° or 200°, and he 
obtained a mixture of magnesium carbonate and silicate by what C. Doelter and 
B. Dittler consider Jo be a reversible reaction: 3MgCO3+4Na2Si0s+H20 
=. 3 MgSi 03 .Si 02 + 3 N» 2 ll 03 -(' 2 NaOII. C. Doelter and B. Dittler tried if talc is 
formed by the action of steam on a mixture of magnesium chloride and silicic acid. 
The reaction was symbolized: 3MgCl2 f6H20+4Si02+3H20=3Mg0.4Si02.H20 
4 -6HCl+Aq., but it was not clear whether talc was or was not formed. When 
3 Mg 8 i 03 . 8 i 02 is hydrolyzed, enstatite is produced. Attempts to make talc by 
molten fluxes—magnesium chloride and ammonium fluoride—were not successful. 

Talc occurs in foliated or lamellar masses which can be readily separated into 
thin scaly crystals. These flakes are easily bent, but, unlike mica, the flakes do not 
spring back to their original position when released. Hence, the mineral is flexible, 
but not elastic like mica. The thin cleavage flakes are white, yellowish, or more 
commonly of a pale green colour, with a silvery lustre. Talc does not occur in 
distinctly develoiied crystals. Thin cleavage flakes are transparent; their optical 
properties resemble those of mica and the chlorites, and, like them, probably belong 
to the mouoclinic system. .T. R. Sehncll measured the crystal angles of talc. 
Talc or steatite occurs in crystals which are pseiidomorphs after various minerals - 
quartz, dolomite, enstatite, topaz, etc. The original crystals have been largely 
replaced by steatite formed by the reaction of hot soln. of magnesium salts on the 
original mineral. , 


The mineral oecura in a compact massive form wliich feels greasy or fatty; it is then 
called steatite, gonpHtom, or Spm'htan, The coarse and granular steatite is grey, greenish, 
grey or brownish grey in colour, and, when more or leas impure, usually owing to admixed 
chlorite, it ia ceiled potstone, lapis ollaris, Topfakin, Lavi'nzskin^ and Oilistein, The 
fine granular or orypto.cryotalline steatite may bo soft like chalk. The so-called French 
chalk, or craie de Brian^tm, is milk-white steatite with a pearly lustre. An indurated or 
slaty talc is colled talc schist; talcosc slate is a dark argillaceous rock containing more or 
less talc, which gives it a greasy feel. The so-called rensselamtc is a crypto-crystalline or 
wax-like mineral pseudomorphoiis after salite or pyroxene. It was described by E. Emmons, 
and L. C. Beck. It was named after S. von Rensselaer. E. Repossi found a talc.like 
mineral in the Valle della Oava, and ho called it gavitc. The analysis corresponds with 
H,(Mg,Fe),8i,0,,. It resembles talc excepting for its ready solubility in hydrochloric 
acid, and in its water content. W. b\ Eoshag says that it is not a mineral species different 
from talc. A. K. Leids deecribed a variety of t^o pseudomorphous after pectolite, which 
he called skxunsite; M. L. Glenn, and A.'F. Rogers regard it as a colloidal magnesium 
rilicate. L. W. Hubbard called a* fibrous • variety resembling asbestos, beaconite; 
and R. L. Packard, a variety with the appearance of vivianito, from Silver City, New 
Mexico, native ultramarine. The pgrallolite of A. E. Nordeiiskjdld—from vvp, Are; 
d\Aot, other—appears to be a pseudomorph after pyroxene. According to A. E. Arppe, 
it is not homogmieous, but ia a pyroxene partially transformed into stMtite. A variety 
of pyrallolite was found in Sibbo, Finland, by J. J. N. Huot and named vargasite after 
Count Vargas. The so.oalied sirahonitzite of V. von Zepharovich is a kind of steatite. 
The takoid of C. F. Naumarm is a white foliated talc which T. Schceror called neidraler 
Kieselaauer Hydrotalc. Acconling to J. D. Dana, it is a mixture of talc and quorta 
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M. H. Klaproth found the steatite fromOOpfersgrun contained rather less ^liaa and rather 
more water than usual, and he called it hyinakatiti. R. Hermann applied the term 
hampMrUe to steatitio pseudomorplis after quartz. Analyses were made by 0. Dewey 
It is probably not a homogeneous mineral. A. E. Arppe found a greyish-green talc with 
7-83 per cent, of ferrous ordde, and 1 per cent, of cupric and zinc oxides. He colled it 
EUfnlalk, ot liparite —from hnrapos, fat. 

The sp. gr. of talc has been detenniaed by many of those who have analyzed 
the mineral. The values vary from 2'6-2 8. The hardness is wry small; talc 
is one of the softest of minerals and represents No. 1 on Mohs’ scale. It is scratched 
even by the finger-nail. P. Malt^s found the sp. gr. rose from 278 to 319 on 
calcination; and the hardness rose to about 6. R J. Holmquist, and 
A. Bosiwal investigated the hardness; if the hardness on the ((XX)l)-fw6 of 
quartz is 1000, the abrasive hardness of talc parallel to (001) is 2'6, and perpen¬ 
dicular to (001), 9’3. The heating curve is normal up to 875°, and at about 960° 
an acceleration appears, and the ferrous oxide aimultaueou.sly oxidizes. Enstatite 
appears to be formed. J. Joly found the sp. ht. to be 0'2168. A. Danuholm studied 
the sp. ht. of soapstone. C. Doclter gave 1030° for the m.p.; W. S. Howat, 
1380°. When melted, talc breaks up into enstatite or aiithophyllitc, quartz, and 
water: H 2 Mg 3 Si 40 j 2 = 3 MgSi 03 -bSi 02 -(-lf 2 C- Only hygfoscopic water is lost 
at 110°; all the constitutional water is evolved only at a white heat. P. W. Clarke 
andE. A. Schneider found that at 105° talc lost 0 07 per cent, of water; at 260°- 
300°, 0’06 per cent.; at a red heat, 4'43 per cent.; and at a white heat, 0'35 per 
cent. E. Lowenstein found that over cone, sulphuric acid at 25° with a partial 
press. 21’68,8'82, and 0'18 mm., the losses of water for equilibrium wore respectively 
O'10,0'39, and 0 38 mol. A. dcs Cloizeaux found the optic axial angle 2P—19° 1' 
for the red ray, and 19° 56' for the blue ray at 21'5°, and there is no perceptible 
change when the temp, is raised to 171°. W. F. Poshag obtained 2A’=20° + 5°; 
and M. Bauer, 2P--13° for green talc. A. Michel-Levy and A. Lacroix found 
2F=7°. K. Zimanyi found the indices of refraction for Na-light to be a- 1'539, 
)3—1'589, and y~l'589. W. P. Poshag obtained a—l'540-l'54n+(HX)5; and 
|8=y I 'SlS- l '585 + 0'003. The birefringence is negative and strong a - y O'ObO; 
A. Michol-Levy and A. Lacroix obtained o-y--0 038-0013. W. W. Cobleniz 
fotmd no hydroxyl band at 3p in the ultra-red transmission spectrum of talc. 
There are absorption bands at 5'6ft, 5'95^,and7'15(i. Th(j reflection spectrum shows 
sharp maxima at 9 05;^ and 9'75p. The percussion figures were studied by A. Michel- 
Ldvy and A. Lacroix, and H. Kosenbusch; the resulting six-rayed star is oriented 
as with the micas. P. W. Bridgman represented the compressibility of talc by 
(it)/ei,=0'0ol04j)—0'0i263p2; and the thermal conductivity at a press, p, by 
0'(X)733-f0'0(115p at 30°. He could not make finely powdered talc wold even at 
30,000 kgrms. per sq. cm. pre,ss., possibly owing to films of air. A. V. Henry 
found the resistivity, R, in ohms per c.c., of Maryland, Italian, and Indian talcs, 
for a 45-volt, 1000-cycle alternating current, to be 

600 ’ see' TOO" soo" see’ looo” 
Maryland . . 282xl0> 71»xl0* 219x10* 861x10* 389x10* 238x10* 

Italian . 159x10* 350x10* 970x10* 353x10* 157x10* 749X10* 

Indian . 670x10* 178x10* 544x10* 179x10* 760x10* -340x10* 

Talc is considered to be a very stable mineral at low temp. G. A. Kenngott, 
and F. Cornu found that talc moistened with water reacts alkaline whether the 
mineral has been calcined or not. E. W. Ho|[mann made some observations on 
this subject. F. W. Clarke and E. A. Schneider heated talc for 15 hrs. at 383°-412° 
in a stream of hydrogen chloride, and observed no change in weight. Talc 
is not decomposed by acids other than hydrofluoric acid. F. W. Clarke and 
E. A. Schneider found that with fuming hydrochloric acid on a water-bath, about 
1'05 per cent, of magnesia passes into soln. They also found that when calcined 
talc is boiled with soda-lye, about a fourth of the silica presses into soln., but with 
uncalcined talc, there is no perceptible change. Hence, talc suffers a chemical 
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change on c^cination: H2MgsSi40i2=3MgSi034-8i08+Hj0. C. Matignon and 
Q. Marohal examined the corrosive action on talc of water in the presence of carbon 
dioxide under 10 atm. press, during ten years. E. C. Sullivan observed a basic 
exchange occurs when talc is treated with a soln. of cupric sulphate. H. Ota and 
M. Noda found that powdered talc does not show the indophenol reaction. The 
metamorphoses of talc in nature have been investigated by A. M. Finlayson, 
J. Roth, and E. Weinschenk. ' ^ 

Talc or steatite is used as a toilet-powder; for smoothing the floors of dancing 
rooms; and as a dry lubricant. Potstonc can be turned in a lathe, and fashioned 
into fire-resisting ve.s8els, and slabs. Steatite is used in making the tips of gas- 
burners, since it can be readily cut to the desired shape, and it becomes harder 
in use without fusing. Steatite was one of the fluxes used in making porcelain 
in England in former times; it is now Ased as a flux for clays, etc., in making 
sparking plugs; it is also used in making furnace linings. The powdered mineral 
is used as a filler for paper, tailor’s chalk, crayons, slate, pencils, shoe powder, wall 
plasters, etc. 

A. Cronstedt” referred to terra porcellaneit parlwulia impalpabilibus mollis; 
M. H. Klaproth, to a sonpelone or Setfemkm from Cornwall; R. Kirwan, to a steatite from 

Cornwall; R. J. Hally, to tnounlain soap, or pkrre A samn ; L. F. Svanberg, to saponite _ 

from aapo, soap—and also to piotine— from nArns, fat; R. Owen, to thalitr,; J. B. Hannay, 
to hiroUngite. from Bowling, Scotland; and J. J. Dobbie, to cathkimte from Cathkin| 
Scotland ; all those minerals, grouped as saponites, are probably different varieties of the 
same spccios, and rcicresent variable mixtures of clay and hydrated magnesium silicates. 
The analyses are, as would bo anticipated, very variable. According to M. F. Hcddle ■ 
T. Thomson’s prastlile, is a variety of saponite, but is usually regarded as a chlorite (q.v.). 
E. VV. Hilgard described a magnesian clay from Santa Lucia. Its analyses corresponded 
with an impure magnesium silicate which ho called Imianite. 
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§ 33. Zinc, CadiAium, and Mercury Silicates 

In 1830, A. L6vy ' described crystals of a mineral which ho found at Altenberg, 
near Moresnet. The analysis corresponded with zinc orthosilicatc, Zn^SiO,; 
and the mineral was named willemite after Willem I, King of the Netherlands; 
A. Breithaupt proposed to call it hebetine —from youth. The term 

willemite is generally adopted, though it has been variously mis-spelt— mUiarmite, 
mlhelmite, and villemite. L. Vanuxem and W. H. Keating had previously reported 
a ferruginous “ siliceous oxide of zinc ” from New Jersey which C. U. Shepard 
had designated troostite after G. Troost. This is of course not the troostite con¬ 
stituent of steel. At Mine Hill and Sterling Hill, New Jersey, the mineral occurs 
in such quantities as to constitute an im'portant zinc ore. Analyses in agreement 
with the above composition have been reported by T. Thompson, K. Monheim, 
A. des Cloizeaux, J. Lorenzen, V, M, Goldschmidt, G. Tschermak, F. A. Genth, 
etc. Manganese often replaces part of the zinc, and ferrous oxide is usually present. 
Analyses of troostite in agreement with the view that it is an isomorphons mixture 
of zinc, manganese, and ferrous orthosilicates were made by R. Hermann, A. Delesse, 
W. Q. Mixter, C. H. Stone, G. A. Konig, H. Wurtz, G. Tschermak, and H. B. Corn¬ 
wall. The sample called by 6. A, Konig tephrowillemite is a brownish-grey troostite. 
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The fusion temp, of mixtures of silica and zinc oxide is so great that it is dilBciilt 
to make vessels to withstand the temp. G. Rupprecht* overcame the difficulty 
by making a paste of the mixture to be fused and forming it into a bar, which is 
then heated in an oxyhydrogen flame so that it is progressively melted, and so 
that each molten globule falls on to a surface covered with the substance under 
treatment. A. Daubree synthesized willemite by the action of silicon chloride 
on red-hot zinc oxida; but H. St. C. Deville repeated the experiment and found 
that willemite is decomposed by silicon chloride. Ho obtained the mineral by 
passing hydrogen fluosilicate over heated zinc; by the action of silicon fluoride 
on zinc oxide; and by the action of zinc fluoride on silicic acid. J. J. Kbelmon 
obtained relatively large crystals by heating a mixture of zinc oxide and silica in 
molar proportions, with boric oxide in a platinum crucible for 5 days. A. Gorgeu 
obtained the crystals by fusing a mixture of one part of silicic acid with 30 parts 
of an intimate mixture of an eq. of sodium sulphate and 0 O-l cq. of zinc .sulphate. 
The soluble matter was removed by leaching with water. G. Stein, and ,1. M. Jager 
and H. S. van Klooster made crystals of zinc orthosilicato by simply fusing the com 
ponent oxides. With rapid cooling, a glass was formed. According to K. Endell, 
the temp, of formation is much below the temp, of fusion, and he noted that 
45-60 per cent, of zinc orthosilicatc is formed when a dry mixture of zinc oxide 
and silica is heated for 24 hrs. between 1075“ and 2IXX)°. M. Riiger obtained zinc 
orthosilicate by heating a mixture of the constituents in theoretical proportions 
for 2 hrs. at 1200°, and heating the product on a water-bath to remove soluble 
matters. P. Groth, A. Schulze and A. W. Stelzner, A Scott, and W. M. Hutchings 
noted the formation of willemite in the masonry of zinc furnaces, or in stags from 
ores containing zinc. For colloidal zinc silicates, ride supra, water-glass. 

Crystals of a zinc silicaf® have also boen reported in irlazca higlily ehargml with zinc 
oxide.® They were nientioniHl by C. laiuth and (I. tiutailly in ISSfi, and ten yisirs later 
they were adapted a.s a decorative glaze elTect by A. Clement. J. \V. Alollor’s analysis ol a 
large crystal, more or less eontaininatcd wilti glaze, correspond hotter with wilh'rnite tlian 

with the metasilicato. K Endell believes the crystals are those of zinc metasdical*. If 

the glaze contains a small proportion of cobalt oxide in soln., the crystals will abstract the 
colouring matter from the'glaze and be stained a deep azure blue; with nickel oxjde, free 
from cobalt, the ci-ystals will be stained a lino timpioiso blue ; and with mangaiieso oxide, 
brown. 

• 

The colour of the purer specimens is white, greyish-white, or greenish-yellow, 
but when contaminated with iron and other colouring oxides, it may lie apple- 
green, flesh-red, yellowish-brown, and dark brown. It may occur in hexagonal 
prismatic crystals —long and slender or short and si out; it may also occur massive, 
in disseminated grains, and in fibrous masses. The crystals belong to the trigonal 
system, and, according to C. Palache,® a ; c~l: 0*6679; and, accortling to A. ties 
Cloizeaux, troostitc has the axial ratio a : c-1:0'66975, and a=107° 46'. Measure¬ 
ments have also been made by A. Arzruni, M. Bauer and R. Brauns, S. L. Pcnfield, 
A. Levy, J. Lorenzen, C. Palache, etc. According to C. F. Rammclsberg, tbe 
crystals of willemite, troostite, phenacite, and dioptase are isomor]ihoua. A. Arzruni 
observed the twinning of the crystals; and H. Traube the corrosion figures. 
A. von Lasaulx found microscopic inclusions of franklinite in the crystals. 
A. Schleede and A. Gruhl obtained X-radiograms of phosphorescent zinc silicate. 

The general properties of willemite and troostite arc similar. J. Lorenzen 
gave 411 for the specific gravity; T. •Thomson, 3'935; F. A. Genth, 4'10; 
W. G. Mixter, 4'1M16; and C. ». Stone,* 4'132-4 188. A. florgeu’s crystals 
had a sp. gr. 4 25 ; and G. Stem’s 3'7—in the latter case, probably less zinc was 
present than was thought because of volatilization at the high temp, of the furnace^ 
The hardness is between 5 and 6. F. M. Jager and H. S. van Klooster gave 1509 5 
for the rndting point. G. Stein gave 1484° for the freezing point. Bj. Jannetaz 
found the ratio of the beat condnctivitieB in the a and y directions to be V o'y -O'854. 
0. Mulert calculated the specific heat to be 014 ; the heat d solutton of the 
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amorphous orthosilicate in iV-HF, to be 99’5411'17 Cals, per mol; and of the 
crystalline, 90-6 ± 0-296 Cals, per mol. Hence, the heat of crygtallizatio& is 
9-04 Cals, per moT, or 0 0405 Cal. per gram. The heat Of formation of the glassy 
orthosilicate is —23-74 Cals, per mol; and the heat of formation of crystalline zinc 
orthosilicatc from the crystalline metasilicate and zinc oxide is —17 20 Cals, per 
mol. The indices of refraction have been measured by 0. B. Bfiggild, P. Gaubert, 
and C. Palache, and they respectively found for sodium light <o=l-6928, 1-6931, 
and 1-6939; and e=l-7234, 1-7118, and 1-72304; and C. Pmache gave for lithium 
light, £0=1-68897 and €=1-71812. F. M. Jtiger and H. S. van Klooster gave 
1719 and 1-697 for the indices of refraction of the artificial crystals. The bire« 
tringence is positive. V. M. Goldschmidt found for daylight y—0=0 0237; for 
rod light, 0 0236; for green light, 0-024; and for blue light, 0 025. The bire¬ 
fringence decreases as the contained manganese and ferrous oxides increase; thus: 

Per cent. MnO+FeO . . . .0-6 i-6 6-13 

7-a. 0-0306 00237 00187 

G. Cesaro made some observations on this subject. A. Ehringhaus and H. Rose 
compared the dispersion and double refraction of the orthosilicates of copper, 
beryllium, and zinc with their mol. wts. According to J. D. Dana, willemite from 
New Jersey is triboluminesccnt since it glows with a blue light in a dark room when 
struck with a hammer. W. Crookes noted the phosphorescence of willemite when 
exposed to cathode rays— uidc 4. 25, 5. G. F. Kunz and C. Baskerville noted the 
fluorescence and phosphorescence of f roostite—particularly the green varieties— 
when exposed to ultra-violet light. X-rays, and radium radiations. Each a-particle 
striking against willemite produces a scintillation— vide radium. A. Schleede and 
A. Gruhl, and M. Curio studied the luminescence of zinc silicate containing traces 
of manganese; and obtained X-radiograms of the compound. T. Tanaka inferred 
the presence of manganese, iron, thallium, samarium, and ytterbium from the spec¬ 
trum of the cathodoluminescence. The decay of the pho.sphorescence was studied 
by E. L. Nichols and E. Merritt; and the brightness of the luminescence by 
E. L. Nichols. C. Baskerville and L. B. Lockhardt and others noted that willemite 
phosphoresces under the action of radium emanations ; and artiheial as well as 
natural willemite phosphoresces if it contains small proportions of foreign oxides. 
E. Marsdon noted the phrjsphorescence of willemite under the inlluence of a-rays 
and P-rays—iiirfc 4. 26, 4. T. Liebisch observed neither phosphorescence, nor 
fluorescence with the brown crystals of Altenberg when exposed to ultra-violet light. 
He found the emission 'spectrum of troostite at ordinary temp, to be continuous 
from 620-510/i/i with a maximum»in the green. At the temp, of liquid air, the 
spectrum is resolved into two parts separated by a small gap in the yellow at 575/i/i. 
W. W. Coblentz found the ultra-red transmission spectrum of willemite has bands 
at 5-9fi and 6-75/i. The reflection spectrum has maxima at 10-1/i, 10-6p.. and lip, 
and a band at 11 - 6p. He infers that the banding of the silica in willemite is d ifferent 
from what it is in quartz. M. Bauer and R. Brauns studied the pyroelectric 
properties of willemite. Willemite is soluble in cold dil. hydrochloric add, and, 
according to G. Tschermak, orthosilicic acid separates out. J. D. Dana said that 
it is nof. gelatinized by a^C add. H. C. Bolton found that willemite is not 
attacked by a cold sat. soln. of dtric add. A. H. Erdcnbrecher studied the action 
of hydrogen dioxide on zinc silicate. 

F. M. Jtiger and H. S. van Klooster made cadmium orthodlicate, CdjSiO^, 
by fusing a mixture of finely powthtred quartz and cadmium oxide or carbonate. 
The m.p. was about 1252°, and the indices of refraction over 1739, M. RUger 
obtained cadmium orthosilicate by heating a mixture of the constituent oxides in 
theoretical pioportions as in the case of zinc orthosilicate. 

J. J. Ebelmen ^ made what he regarded as zinc metasilicate, ZnSiOs, in groupes 
de eriataux assez volumimux mats peu mels de forme, by heating a mixture of the 
required proportions of zinc oxide and silica, and boric oxide, in a platinum crucible 
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for 6 days. H. Tiaube also said that when amorphous zinc silicate, prepared bv 
precipitating a eoln. of zmc sulphate with sodium Mcatc, is heated with boric acid 
for 10 days at a high temp., it is converted into a white crystalline powder, which 
has the composition ZnSiOs. G. Stem made the metasilicate by heaLg a rliixture 
of the component oxides in a porcelain tube. 0. Mulert, and H. S. van Klooster 
employed a similar prwess. H. Schulze and A. W. Stelzner, and V. Steger reported 
crystaU of the metasilipate in the walls of used zinc retorts. K. Endell—wdc supra 
said that the metasilicate is found in crystallized zinciferous glazes. The 
occurrence of the metasiheato in nature has not been reported. A. Gorgeu was 
unable to prepare the metasilicate by the processes just indicated. M. RUgcr made 
zinc metasilicate by heating a mixture of zinc oxide and silica in the molar pro¬ 
portions 1:2 for an hour at 900", and digesting the product with alkali-lye on a 
water-bath for several hours to remove soluble matters. Cobalt oxide is dissolved 
by zinc metasilicate when a mixture of the two is heated for 2 hrs. at 900°. 
R. &hwarz and G. A. Mathis made hydrated zinc metasilicate, ZnSi 03 .H 20 , by 
mixing dil. soln. of sodium metasilicate and zinc sulphate; and they converted 
this into hydrated zinc monamminometasilicate, ZnSiO 3 .H 2 O.NH 3 . A. H. Erdon- 
btechor obtained zinc peroxysiltcales by precipitating a .zinc salt with sodium 
metasilicate in the presence of hydrogen dioxide. 

H. Traube said that the optical properties of the crystals show that they belong 
to the rhombic system, and that zinc metasilicate' is accordingly a zinc-jiyroxcno 
isomorphous with enstatite. H. S. van Klooater said that the crystals are hexagonal. 
E. M. Jager and H. S. van Kloo.stor gave .‘)'52 at 2f)°/4° for the specific gravity. 

G. Stein gave 3'42 for the sp. gr. of the crystals, and 3’86 for the sp. gr. of tlio glass. 
It is very rare to find the sp. gr. of a glassy silicate greater than that of the! same 
substance in tho crystalline state. G. Stein gave 1429“ for the melting point 

H. S. van Klooster, 1419"; and F. M. Jager and H. S. van Klooster, 1437“; and 
the last-named added that there is a regular decrease in the m.p. as the at. wts.— 
magnesium, zinc, cadmium- increase. 0 . Mulert estimated the specific heat to 
be 016; and he found the heat of solution of the crystals in N-HF to be 
.51-48 ± 0 49 Cals, per mol.; the heat of formation of the crystalline metasilicate 
from amorphous silica and zinc oxide is 2'49 Cals, per mol. F. M. Jiiger and 
H. S. van Klooster gave 1'623 and 1'616 for the two refractive indices. H. 8 . van 
Klooster observed with zinc metasilicale uniaxial positive interference figures; 
the double refraction was high. K. Endell found the metasilicate to exhibit 
fluorescence and phosphorescence when exposed to X-rajB and to radium rays. 
H. Traube said that the metasilicate is insoluble in hydrochloric acid. 

H. S. van Klooster prepared cadmium metasDicate, CdSiOj, by the direct union 
of tho constituent oxides at a high 

temp. He said that while the \ —i---——————r— 

crystals of zinc metasilicate arc .. 

hexagonal, those of cadmium mela- ' ^ 

silicate are rhombic. The m.p. is j, " [ '''1^' ■' 

1155°. F. M. Jiiger and H. S. van ^/^00° -■ r-- - - -/JS5° 

Klooster gave 1242° for the m.p., 8 

4'928 at 26°/4° for the sp. gr., and S j ” 

the indices of refraction over 1’739. —--.. _ 

Cadmium and zinc metasilicates J_ 

form an unbroken series of mixed ) 

crystals with a minimum at 1052°, * 

with 25 per cent, of zinc metasili- f^rcent. CdSiO, 

cate. Fig. 104. 6 . Rousseau and „ - . . . 

Cl ir-i 1 . ■ • Fio. 104.—Freezmv-pomt Curve ol the Binary 

6 . Tite found that in preparing , znSiO.-CdSiO,. 

basic cadmium nitrate a layer of a 

solid product appears on the inner surface of the glass tubes. This can be freed 
from the cadmium salt by treatment with alcohol, and is removed from the glass 
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by prolonged treatment with warm water. It forms long scales which, when 
rubbed between the fingers, brealr up into microscopic needles, showing longitudinal 
extinction in parallel Ught It has the composition, trihemihydxated cad m iu m 
metasilicate, 2 Cd 8 i 03 . 3 H 20 , and is soluble in hydrochloric acid with separation of 
pulverulent silica. At a dull red heat it loses very little water, but when heated to 
orange-redness it melts and then intumesces in consequence of the escape of water. 
If the heating is continued, cadmium oxide is volatilized, and after prolonged 
heating a residue of silica alone remains. It would seem that the presence of 
water is essential to the stability of the mol. 

A. .Schrauf* reported that fin Cadmium enthalteiuks Silikate occurred in minute 
triclinio crystals associated with the calamine of Aitenberg. It was called eggmite —from 
tyyoma, a grandson—because it was supposcsi to be the third generation in a series of 
cailmium zinc silicates. According to J. D. Dana, the supposed cadmium silicate is really 
heavy spar or barite. 

What may be monohyiraied zinc ortJiosilicate, Zn 2 Si 04 .H 20 ,but is more probably 
zinc dibydrozydisilicate, Zn 2 (Zn 0 H) 2 Si 207 , occurs in nature as the mineral 
calamine, but has nob been made artificially. H. and W. E. Lowe ’’ found a boiler 
scale consisting chiefly of a hydrated zinc silicate which may have been an impure 
form of this compound. As indicated in connection with the history of our know¬ 
ledge of zinc, the cadmia of Pliny and other ancient writers included the native 
silicate, the native carbonate, and the oxide—codmta fomacum—which accumulated 
in the flues of zine furnaces. Both J. G. Wallerius, and A. Cronstedt refer to 
lapis cahminaris, cadmia officimdis, zincum nalurale calciforme, and Galmcya. The 
term Ualmei is now a miner’s term applied to ores containing calamine, and zinc 
spar. The word “ calamine ” appears in the French translation of J. G. Wallerius’ 
book, and it was also used by .1.1?. L. Rome de I’lsle. T. Bergman in his De mineris 
zinci (Upsala, 1779) showed that two minerals arc in question; the one contained 
zinc oxide and silica, and the other zinc oxide and carbon dioxide. B. Pelletier 
found silica in a zinc mineral from Breisgau which had previously been called 
zeolite of Urcisyau because it gelatinized with acids; and M. U. Klaproth found 
silica in a zinc ore from Scotland. J. Smithson, however, cleared up the subject 
in 1803, by showing clearly that the mineral from Rezbanya is a silicate, and the 
zinc spar from Derbyshiro and Somerset is a carbonate. Ho called the silicate 
rkchic calamine. The distinction established by J. Smithson was recognized by 
R. J. Haiiy, and A. Breithaupt. C. C. von Leonhard called the silicate Galmci, 
and the carbonate Zinlcspalh. J. F. L. Hausmann called the silicate Zincylas:, 
1). L. G. Karsten, Zinkyhsm; and A. Breithaupt, Kiesdzinkspalh, and Kiesel- 
zinkerz. In 1807, A. Bronguiart called the silicate calamine, and this term was 
adopted by F. S. Beudant, who called the carbonate smitksonite after J. Smithson. 
In 1852, H. J. Brooke and W. H. Miller reversed these names; and in 1853, 
G. A. Kenngott suggested hemimarphite for the silicate in order to avoid any con¬ 
fusion, and to emphasize a most interesting feature of the mineral, viz., its hemi- 
morphism. 

Clays carrying various proportions of zinc silicate are common m the zino regions of 
aouth-weetem Missouri and Arkansas and in Virginia. They may be red, tough, but 
non-plaatic ; or yellow, grey, or brown with a greasy feel, and plastic when wet. In di^ng, 
they shrink and crumble into fragments. They have been called tallow clays.* They 
were described by W. H. Seamon, J. C. Branner, T. M. Chatard and H. N. Stokes, 
W. I’. HUlebrand, F. Scliflnichen, anft I). H. Heyward. H. Rose reported a leek-green or 
emerald-green mineral from Aitenberg near Moresnet, and hence named it moresnetite. 
G. A. Kenngott showed that it is a mixture of calamine and clay. 0. U. Shepard obtained 
an ooherous aggregate associated with the zino ores at Steriing Hill, N.J., and named it 
i'anuxemits —after L. Vanuxem, J, D. Dana regards it a mixture of a zino silicate and clay. 
E. E. Libman studied the products obtained by sintering mixtures of silica, alumina, and 
zino oxide. 

Numerous analyses* have been made, and many occurrences reported. 
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C. F. Rammelsberg,!® J. F. Wiik, W. Vernadsky, and G. Tsohermak favoured the 
hypothesis that calamine is manohydraied zinc (Mhosilkate, ZiuSiOi.HoO, The 
water, however, is given off only at a red heat, and hence P. Groth, and F. W. Clarke 
and 6 . Steiger thought that the water must be an integral part, of the mol,, and 
assumed that calamine is zinc dihydroxymetasilicaie, (Zn 0 H) 2 Si 03 . F. Zambonini 
showed that the contained water is present in two forms, since about half the water 
is lost continuously up.to about 500°, and this loss is not attended by any marked 
change in the optical homogeneity of the crystal. He assumes that it is present 
as “ dissolved water.” The second half requires a very high temp, for its expulsion, 
and it is to be regarded as “ constitutional water.” Ho therefore assumes that the 
composition is best represented by the formula, 2 ( 2 ZnO.Si 02 )H .,04 ILO; or 
Zn 2 (Zn 0 H) 2 Si 207 .H 20 , thus making the,compound zinc dihydroxydisiliailc. This 
view shows how clinoedrite, (Ca 0 H)(Zn 0 H)Si 03 , has no crystallograiihic resem¬ 
blance to calamine, which would not be so clear if calamine has the formula, 
(Zn 0 H) 2 Si 03 . F. Zambonini emphasized the crystallographic relationship 
observed by K. Vrba between calamine and bertrandite, Be 2 (Be 01 f). 2 Si 207 . 

The COloni of calamine is usually white, but it may have a delicate blue or green 
tinge ; the colour may also pa.s 3 through various shades of yellow to brown. The 
mineral may occur massive in nodules and fibrous. The mibdc from Nijni-.lagurt, 
Ural, has been described by 0. Kadochoffsky, G.*A. Kenngott, A des Cloizeaux, and 
G. J. Brush ; it is considered to be a pale blue or green concretionary calamine. The 
mineral may also occur in crystals. These .were described by J. B. L. Home de 
l isle as prismatic with dihedral summits, whereas the carbonate was said to be 
scalenohedral like dog-tooth spar; but he did not ajiprcciate the importance of 
this difference as a distinguishing test. R. J. Haiiy described only the crystals 
of the silicate, and ho regarded native carhonaHe zinc as an impure calcareous zinc 
oxyde. The crystals were examined by F. Mohs, A. Levy, H. Uauber, F. Hessen- 
berg, A. des Cloizeaux, H. Schulze, M. Bauer and K. Brauns, 0. (Wro, 
G. A. F. Molongraaff, K. Monheim, J. R. Blum, 0. Rose, H. Trauhe, P. Groth, 
etc. According to A. Schrauf. the crystals belong to the rhombic system, and have 
the axial ratios u : h : c^O-78340 :1 :0'47782. The crystals exhibit twinning and 
have hemihedral forms. The hemimorphism was studied by M. Seeliach and 
F. P. Paul. The COlTOSion figures were studied by H. Baumhauer. The cleavage 
according to ((X)l) is imperfect, and perfect according'to (110). von Lang 
found the optic axial angle for the red, yellow, and green rays to be respectively 
27=47° 30', 46° 9', and 44° 42'; while A. des Cloizeaux found for the yellow' ray 
45° 57'. V. von Lang measured 2F -81° 3', 78“ 7', and 76° respectively for the. red, 
yellow, and green rays, while A. des (,'loizeaux gaife 82° 30', 80°, and 75°. By raising 
the temp, from 8 ' 8 ° to 121 °, the latter found the optic axial angle changed from 
85° 21' to 76° 32'. The specific gravity was determined by many of those who 
analyzed the mineral; A. Levy gave 3'379 ; K. Monheim, 3 43 3'49; G. Rose, 
3'435-3'871; F. P. Dunning! on, 3-40 ; .T. R. MacDirby, 3-3.38 ; etc. The hardness 
is 4^5. G. Spezia was able to melt the mineral to a white enamel, by feexling 
the flame with hot air. A. des Cloizeaux gave for the indices ol relraiction for 
yellow light, a=l-615, )3- 1'618, and y=l*65^; U. Panichi, a—1-61376, 1-61673, 

and y=l-6355; and V. von Lang, a=l-61358, ^=1-61696, and y--l-63597; the 
last-named also gave for red light, a -1-61069, /3=1-61416, and y---l-63244 ; and 
for green light, a--l-61706, (3=1-6202, and Tr^l-eSfllfi. U. Panichi found that the 
values of a and y at the temp, of liquid air ate but slightly reduced, while ^ is de¬ 
creased by 0 0032. The decrease of (3 is’at,tended by an increase in the optic axial 
anglM. The birefringence is strong. V. von I^ang gave for red light, y-a---0 02175; 
and for green light, y— 0=0 02210; and U. Panichi gave for yellow light, y-o 
=0-02174. The optical character is imsitive. T. Liebisch observed the flnOT- 
eicence of the mineral imder the influence ol oltra-violet light. The emission 
qiectrom at —180° behaves like that of troostite. The mineral is also tribolumines- 
oent. P. Riess and H. Rose, F. Kohler, and A. Lfivy found the mineral is strongly 
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pyroelectric. M. Bauer aud R. Brauna noted that with a fall of temp., the electri¬ 
fication is stronger the longer the heating. J. and P. Curie noted the piezoelectric 
efiects of compression—the ends with (001), (Oil), and (101) are negatively electrified, 
and the end with (121) is positively electrified. Calamine is soluble in adds, and, 
according to 6. Tschermak, gelatinous orthosilicic acid separates out. J. D. Dana 
said that the mineral gelatinizes with acetic add J and is soluble in a cone. soln. 
of sodium hydroxide. H. C. Bolton said that a cold sat. s6(p. of dtiic add attacks 
the mineral; and H. Braudhorst found that it is insoluble in an ammoniacal soln. 
of ammonium carbonate. 

}l. Jiomtriigor mixed an aq. soln. of a zinc salt (1: 10) with an equal vol. of a soln. 
of Hodlum silicate of sp. gr. 1\157 dil. with half its vol. of water. The mass was washed 
witlj hot water. It melted when heated, forming a transparent glass with a composition 
oorroHponding with zinc trisilicaie, ZnO.SSiOj. The description includes no trustworthy 
evidence of chemical combination. 

L. Bourgeois niade cadmium orthosilicate, Cd 28 i 04 , by heating mixtures of 
cadmium oxide and amorphous silica lor several hours. It resembled cobalt 
orthosilicate (q.v.). A- Duboin first calcined a mixture of cadmium oxide, silica, 
and potassium fluoride; and remelted the product with an excess of potassium 
chloride for 72 hrs. He thus obtained crystals of the orthosilioate, and cadmium 
oxyorthosilicate, Cd 28 i 04 ,Cd 0 . A. I, Walcker found a soln. of sodium silicate 
gives a white precipitate with mercuoms nitrate soln,—possibly mercurous silkale. 
Soln. of mercuric chloride give no precipitate of mercuric silicate, and when the soln. 
is evaporated, crystals of mercuric oxychloride are formed. 

H. S. van Kloostcr t'l found that no lilhium zinc silicate is formed in the binary 

system with lithium and zinc meta- 
silicates. The eutectic temp, is 
nearly 990°, and the eutectic mixture 
has nearly 52 per cent, of lithium 
motasilicate. The dotted portion of 
the curve, Fig. 105, was not deter¬ 
mined thermally, but was estimated 
from optical observations on the 
solid products. R. Schindler said 
that a potassium zinc silicate sepa¬ 
rates in white flakes when zinc in 
contact with iron is dissolved in 
potash-lye containing silica in soln. 
He said that the flakes contain 
water; dissolve m an excess of 
potash-lye, and in acids with the 
separation of gelatinous silica. There is here no evidence of the formation of a 
chemical individual. A. Duboin found that if precipitated zinc oxide is added 
to a soln. of silica in molten potassium fluoride, contained in a platinum crucible, 
and the cold mass remelted with the addition of potassium chloride, and maintained 
in that state for 72 hrs,, two potassium zinc silicates are formed. These may be 
separated by a heavy liquid made by dissolving mercuric iodide in an aq. soln. of 
lithium or sodium iodide. The heavier silicate has a composition K20.6Zn0.48i02, 
and it forms small prismatic crystals'of sp. gr. 3 68 at 0°; the lighter silicate has 
a composition 8K20.9Zn0.178i02*, and it Torms large prismatic crystals of sp. gr. 
2'96at0°. Both are readily decomposed by hydrochloric acid. The constitution 
is not analogous to that of the potassium magnesium silicates. The data as to 
homogeneity are scarcely sufficient to justify naming the two products. 

J. E. Wolfl reported a white mineral from Franklin, N.J., which had a composi¬ 
tion corresponding with the idealized formula Ca 2 ZnSi 207 , or zinc dicalcitun ortho- 
dizUicate, and it was called hardystonile. The crystals are tetragonal; the index 
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of refraction for Na-light (u=l'669I, and e=I'6568; or «—(u=00I23; for 
Li-light, a)=l’6758, €=1'6647, and «—tu=0 0111r The birefringence is negative. 
The sp. gr. is 3’396 and the hardness 3-4. The mineral gelatinizes with hydrochloric 
acid. K. Hofmann-Degen found a tetragonal silicate which he called justite in 
the slag at the Clausthal silver works. The composition approximates 
(MgiFe.Zn.MniCajjSijOj, where Ca: (Mg,Fe,Zn,Mn)=l; 1. The refractive indices 
for Na-light are €=l'p581, and £o=l'6712. Justite is isomorphous with hardy- 
stonite. A slag from Bochpm contained tetragonal crystals of a member of 
the hardystonite family with the composition R''3Si20s7, where R represents 
Ca: (Mg,Fe,Mn)=l; 1. A. Duboin found crystals of pota^um cadminm tritero- 
silicate, K 2 CdSi 40 io, among those of the cadmium sihcatcs indicated above. 

S. L. Penfield and H. W. Tooto obtained a colourless,’white, or omethyst-blue 
mineral from Franklin, whose composition agreed with formula H 2 ZnCaSi 04 , or 
zinc calcium dihydrometasilicate, (Ca 0 H)(ZnUH) 8 i 03 , and he called it clino- 
hedrite. The monoclinic crystals had the axial ratios a:b: c=0'68245 : 1 : 03226, 
and /3=76°4'. The birefringence is small. The optical character is negative. 
The sp. gr. is 3'33; and the hardness 6’5. The mineral gelatinizes with hydro¬ 
chloric acid. Several cases in which zinc can replace more pr less magnesium and 
calcium in the silicates have been indicated in connection with the magnesium 
silicates. G. A. Konig analyzed one with live basic elements—magnesium, zinc, 
manganese, calcium, and iron (ferrous)—present in appreciable quantities. 
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§ 33. Hu Borosilioatei 

M. Faraday,1 and W. V. Harcourt prepared a number of borosilicate glasses; 
and W. Guertler showed that silica is insoluble or only slightly soluble in fus^ 
boric oxide. A. V. Bleininger and P. Teetor prepared fused mixtures of boric 



448 INORGANIC AND THEORETICAL CHEMISTRY 

oxide sad gilica, presumably homogeneous, with a composition ranging between 
BjOs and BjOa-SSiOj. The properties of various borosilicate glasses were in¬ 
vestigated by W. E. S. Turner and co-workers—vide glasses. The constitution of the 
boratosilicate minerals was investigated by G. Cesaro and described in his memoir: 
Sur k rok du bor dans ks silicates. He considers that the boron is best regarded 
as part of the acid radicle, in which silicon is replaced by B^O . 

H. S. van Klooster 2 measured the f.p. curves of mixtures of lithium metasilicate 
and metaborate, and found that no lithium borosilicate is formed, but mixed crystals 

were produced with up to 24 per cent. 
—I—1 I I I I I I of lithium silicate and with up to 9 

„rvi I I 1 I I I I I 1 pgf Qf lithium metaborate— 

Fig. 106. In the case of mixtures of 
sodium metasilicato and sodium 
metaborate, no sodium borosilicate is 
formed, but the product is immis¬ 
cible in the solid state when between 
4 and 95 per cent, of sodium meta- 
io M WO k io'^ m m borate is present. E. S. Larsen and 
FercentUBOi PercentMO, W.B. Hicks»obtained a mineral from 

Searles Lake, San Bernadino, Cali- 



PercentHdBO^ 


.'Ja.SiO,-NaltO.. . to Na 20 .B 203 . 4 Si 02 . 2 H, 0 , 

when what appear to be accidental 
impurities are ebmiriated. The composition of searlesite— as the mineral was 
called—is thus analogous with that of analcite—tude infra —NaB(Si 03 ). 2 .H 20 , or 
sodium borodimetasBicate. The crystals are probably monoclinic. The optic 
axial angle 2A’ is very large, and the indices of refraction a=l’520, and y-1'528. 
The mineral is fairly soluble in water, and is decomposed by hydrochloric acid. 
After treatment with dil. acid, the index of refraction fell to 1'47, and the optic 
axial angle also decreased. 

H. Erni* detected boric acid in a mineral from Danbury, Connecticut. 
C. U. Shepard found no boric acid, and named it danbuiito. J. L. Smith and 
G. J. Brush found about 27 per cent, of boric oxide. Analyses were made by 
G. J. Brush and E. S. Dana, J. E. Whitfield, E. Wittich and J. Kratzert, A. Schrauf, 
and E. Ludwig. It has also been found at Ru 8 .sell, N.Y., and C. Hintze, G. vom 
Rath, and G. Seligmann observed the mineral at Piz Valatscha, Switzerland; 
A. Lacroix in Maharitrif, Madagascar; and N. Fukuchi in Obira, Japan. According 
to G. A. Kdnig, some slender piisinatic crystals of danburite, associated with 
chlorite and tourmaline, were called bcmenlite, after C. S. Bement. A. Lacroix 
estimated the composition of the idealized mineral to be 22'8 per cent. CaO; 28'4 
pet cent, B 2 O 3 ; and 48 8 per cent. Si 02 , in agreement with the formula CaB 2 Si 20 a. 
W. Kupfetbiirget obtained a similar result. The constitution has been discussed 
by C. F. Rammelsberg. P. Groth compares the danburite with barsovite, 
CaAlaSiaOa; and W. C. Brogger with hellandite, barsovite, abdalusite, and topaz. 
According to G. Cesaro, danburite is a neutral tricalcium metaboratosilicate with 
part of the silica replaced by the dyad radicle B 2 O". F. W. Clarke regards it as 
calcium diborylmetasilicate, and barsovite as an orthosilicate; 


SiO,-B=.0 
^SiOa-B=0 
DaubuOte, Oa(SIO,),(^0), 


_ aosAl 

^“<SiO=Al 

Barsowite, Ca(8104)|Al| 


The mineral occurs massive and crystalline; and its colour is pale yellow or 
white. The crystals have been studied by H. Buttgenbach, G. J. Brush and 
B. 8 . Dana, C. Hintze, A. Lacroix, V. M. Goldschmidt and J. Philipp, 
H. L. Ungemach, etc. The crystals belong to the rhombic system, and, according to 
M. Schuster, they have the axial ratios 0 : 6 : c=0'54446:1: O'48006. The cleavage 
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is distinct. 6. J. Brush and E. S. Dana found the optic axial angle 2 V to be 87" 37' 
withLi-light; 88° 23, with Na-light; and 90“ 66, *ith light filtered through a soln. 
of a copper salt. A. Lacroix gave 21'=86“ .64'. M. Kawamura gave 2K=89‘'50'. 
(}. J. Brush and E. S. Dana gave for Li light 2//=100°33' and ItRt’Sri'; for Na- 
light, lOr 30' and 105° 36'; and for light transmitted by a copper salt, 107“ 36' 
and 102° 13'. A. des C'loizcaux, and E. Wittich and J, Kratzert made aijiiilar 
measurements. The sp. gr. found by G. J. Brush and E. S. Dana was 2'95 2’97 ; 
by C. Bodewig, 2'986; by, E. Ludwig, 2'985; by W. T, Schuller, 2'98; by 
W. Kupferbiirger, 2'95; and by A. Lacroix, 3T0. The hardneas is uhoiit 7, The 
mineral readily fusee to a colourless glass. The indices of refra<’tion, given by 
C. Hintze, are for the Li-, Na-, and Tl-rays respectively, a--1 62,68, 1 6317, and 
1-6356; J3=1 0293, 1-6340, and 1-6375; and y-=l-6.331, 1-6363, and 16393, 
M. Kawamura obtained 0=1-6303, j8-=-l-63,33, and y= 16363; W. Kupferbiirger, 
for Na-light, 0=1630, and y=l-636 ; and E. S. Larsen, a -1632, ^ 1 634, and 
y=l-636. The optical character is negative, The mineral exhibits thermo¬ 
luminescence, glowing with a reddish light. The niineral is attacked slightly by 
hydrochloric acid; but if it is previously ignited, gelatinous silica is formed by the 
action of this acid. . 

J. Esmark® obtained a boriferous mineral from Arendal, Norway, and he 
called it datolite—from SariofMi, to divide -in allusion to tlu' granular structure 
of the massive variety. The, mineral was analyzed by M, H. Klaproth, and 
L. N. Vauquelin. A. G. Werner, and A. Broggniart eallwl it ilnlhulitr, but ('. C. von 
Leonhard emphasized that this spelling is wrong. H. J. Ilaiiy called it c/iuiir 
liordlec siliceusc: and J. K. L, Ilsusmann, esmarklic. 


,T. 1-'. L. Hausmann, amt Jt. J. Haviy statist ttiat tlio crystals of ,tatolite lielona to tlio 
rliomtiic system, and A, Istvy found crystals of a inmeral winch lielonged to the mono, 
clinic, systeni, and lie named it humhohlitf. h’. ilohs and othois showtal that Innnboldite 
and datohte are of the saino minorat species. J. K. L. Hansinann called a lihrous form of 
datolito, botriohtp or butr'/ohtc - from ^erpoi, a grape. III. H. Klaproth. C. K. ttammelsbeig, 
and A. Lacroix showed tliat botryoilto is of tlio same mmeral species as dalolite. 't'tie 
lhai/torUe. from Hay Tor, Devonshire, described by C. 'I’ripe, C. to Kove Poster, A. Volk- 
inaiin, W. Haidinger, K. Heasenberg, 0. S. Weiss, K. fteiintz, K. P. (llocker, ,1. It. Ithiin, 
J. F. L. Hausmann, 1’. A. Dllfntnoy, H. .L Hrooko and W. 11. .Miller, J. Phillips, A. UWy, 
and 1). llniwstor appears to be datolito altered to clialeoiloiiy. O. I.udeeke has published 
a monograpli on datohte, , 

Various occurrences and analyses of datolite have been reported.'' V'. Gold¬ 
schmidt gave for the loss on ignition of a sjieeimen from Bologna, Ml per cent.; 
Arendal, S’O per cent.; and Bergenhill, 51) per cjint. G. F. Kummelabergsaid that 
the boron behaves as an electropositive elimicnt. The composition of the idealized 
mineral corresponds with H,,('a..;B2iSi20j(,; and 1*. Groth wrote, the formula 
Ca(B. 0 H)Si 04 , calcium hydroxyboro-orthosilicate; and V. Goldschmidt represented 
it by CajilLiBlSiaOio. A. Himmelbaiier found the silicic acid liberaUid hy hydro¬ 
chloric acid** corresponded with G. Tschermak’s ILSi^Og. or dtit^Uik acid. ^ Ho 
assumed that the calcium is joined in part to the boron and in part, to the silicon, 
(H.B.CajilSijOsla. G. Cesaro supiiosed that datolite is calcium acid metasilicate 
with some silicon replaced by BsO". E. Baschieri made some observations on this 
subject. F. W. Clarke represents ilatolite as Cldcitun dihydrodiboryldiortho- 
silicate, and shows its relation to humite, euclasc, and gadolinitc by the formuhe : 


C»^®<>Ca 

(BO)/®"* 

Dfttollte. 


(Aio)r‘^‘"‘ 

Euclwe. 




('a' ,..,*>( a 
(Yf))/ 

Oadoiinlt c*. 


A. de Gramont ^ synthesized datolite in the form of long acicular crystals ]»y 
heating in a closed steel tube a mixture of 5 grms. of precipitated calcium meta- 
silicate and 25 grms. of borax for 36 hrs. at 400°. Less satisfactory results were 
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obtained with mixtures of soda water-glass and calcium borate at 300°, or of 
calcium oxide, boric oxide, and 4 soln. of alkali at 400° for 18 hrs. 

Datolite occurs massive, botryoidal, and in crystals. The coloui is white or it 
may be tinted grey, green, yellow, red, or blue; or the mineral may be a dirty 
olive-green, or yellow. The crystals have been studied by 0. Luedccke, W. Schulze, 
E. V. Shannon, J. Lehmann, R. Riechelmann, V. M. Goldschmidt, L. Brugnatelli, 
H. P. Whitlock, M. F. Heddle, B. K. Emerson, C. U. Shepjrd, A. des Cloizeaux, 
A. C. Hawkins, 0. C. Farrington, T. Nocca, R. Gorgey and V. M. Goldschmidt, 
H. L. Ungemach, S. G. Gordon, F. H. Schroder, C. W. Cooke and E. H. Kraus, 
E. S. Dana, R. Kochlin, etc. The crystals belong to the monoclinic system, and, 
according to C. F. Rammelsbcrg, and H. Dauber, they have the axial ratios a:b:c 
—0 63287 :1 :0'63446, and j3=89° 61' 20”^'. The cleavage is distinct. H. Baum- 
hauer studied the corrosion figoies. The' optic axial angles have been determined 
by C. Bodewig, F. Sansoni, 0. Luedccke, etc. L. Brugnatelli gave : 

Ll-Une. C'Une. n-liiie. Tl-line. fi-llne. J’-Une. 

2/1 . . . . 74-44' 74-34' 74° 6' 73° 27' 73° 26' 72-31' 

2K . . . . 74-39' — 74-21' _ — _ 

A. dcs Cloizeaux found a rise of temp, from 17°-171'6° had no perceptible effect 
on the optic axial angles. C. Bodewig found 2//=89° 31' 7" at 20°; 89° 28' 13" at 
126"; 89° 27' 36" at 130°; and 89° 26' 28" at 222°. F. Ulrich gave 2F=74° 11' 
to 74" 16'. When cooled to 21°, 2H=89° 29' 41", indicating a slight change. 
The specific gravity was found by G. A. Kenngott to be 2 968; J. Fromme 
gave 2'950-2'952; T. Nocca, 2 995 at 18°; F. Ulrich, 2'993; L. Brugnatelli, 
2'907 ; G. C. Hoffmann, 2 985 ; and A. Himmelbauer, 3 003. G. A. Kenngott 
found the hardness to bo between 5 and 6. The mineral fuses to a clear glass 
before the blowpipe flame. According to C. F. Rammelsbcrg, the water is expelled 
from datolite only at a high temp. The indices oi refraction were determined by 
A. des Cloizeaux, L. Brugnatelli, 0. Luedccke, T. Nocca, etc. W. F. P. MacLintock 
found a -1'626, j8=l'6.53, andy=l'670. A. des Cloizeaux gave for the red and 
yellow light, a 1'6248 and 1'6260 respectively; ^=1'6510 and 1'6535; and 
y- 1'6670 and 1'6700. L. Brugnatelli gave for Li- and Na-light, a=l'6217 and 
1'6246 respectively ; j3-l'6492 and 1'6527; and y=l'6659 and 1'6694. F. Ulrich 
gave a 1'654, j3:=l'6,54, and )/---l'670. U. Panichi investigated the action of 
low temp, on the refractive index of datolite. W. W. Cobicntz found that in 
the ultra-red transmissioiLSpcctrum of datolite the hydroxyl band appears at 2'8/t. 
There are other bands at 2/i, 5'3/4, and 6'3f». The reflection spectrum has 

small sharp maxima at 8'8/i, 9'2)i, 9'5/i, 10;u, and 10'8/t. W. G. Hankel studied 
the pyroelectric behaviour of datolite. According to G. A. Kenngott, when 
the powdered mineral, calcined or uncaloined, is moistened with water, it reacts 
alkaline. With hydrochloric acid, gelatinous silica separates. A. Himmelbauer 
found that the mineral is decomposed by cold acetic acid, and by ammoniom 
chloride at 100°. F. W. Clarke and G. Steiger also investigated the action of 
ammonium chloride. The geological changes have been discussed by J. Roth. 

S. R. Paijkull* described a black or brown mineral found on the Stocko, 
Brevig, Norway; and he named it homilite— from o/uKiw, to occur together— 
in allusion to its accompanying melinophane and erdmannite. Analyses were made 
by S. R. Paijkull, and A. des Cloizeaux and A. Damour. They correspond very well 
with the formula CajFeBjS^Ojj; and are thus related with those of datolite. 
G. Cesaro supposes homilite to be like oatoUte but containing some iron. The 
graphic formula given by F. W. Clarke—pide supro—is closely akin to that of 
datolite. This makes the mineral caldom Icrrodiboryldiorthoailicate. 
A. E. Nordenskjold emphasized the close similarity between the crystals of datolite 
and of homilite. The crystals arc monoclinic, and, according to A. dcs Cloizeaux, 
the axial ratios are o: 5: c=0'6249:1: r2824, and |3=89° 21'. The cleavage is 
indistinct. A. des Cloizeaux found the optic axial angle 2H=97° 5' to 98° 22' with 
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red light. The sp. gr. given by S. R, Paijkull is 3'28; and that given by lies 
Clokeaux and A. Dainour is 3 ;)4. The hardness Is 4'5-b'5. A. des Cloireuux aiui 
A. Damour said that some of the crystals are throughout doubly refracting; others 
have a green doubly refracting kernel surrounded by a yellowish crust of a singly 
refracting substance ; and still others are entirely singly refracting. The com¬ 
position of the singly refracting material is like that of erdmannite. E. S. Larsen 
made observations oi> the optical characters of homilite. 

• 

The complex mineral erdmao&itd haa been treated among tlie rare itaHh luinerak 
It was first deecribed by N. J. Beilin. It is dark brown without a sign of t n-Ht4illi£ation. 
Analyses were reported by A. des Cloizoaux and A. Doinour, C. A. IWicliaplson, and 
N. Engstrbm. W. C. Brbgger gave it the formula wheie HO repre¬ 

sents mainly calcium, ferrous, and beryllium oxides; H'"j 03 reprewmts forrie and liorio 
oxides; and the rare earth sesquioxides. He called it cfr-lmiuhtc. 

Rounded nodules of a calcium borosilicate nuneml were found by H. How • at Brook* 
ville, NovaScotia. The mineral was called bowlits by J. 1). Dana. .Xtialyses were made by 
H. How, S. L. Penfield and E. S. Sperry, A. S. Kakle, and W. H. (jiiltw. The compowtion corre¬ 
sponds with HgCajBjSiOig. C. F. Karamelsberg gave forthefonnulaCagltioSijOjj.liHjO, 
and he regaid^ the mineral as a complex of calcium liorate. calcium silicate, ami boric 
acid. P. Groth assigned to it the formula Hj('a(lH)j)j.ll,(‘aSi() 4 . and thus reganltnl 
it as a complex of metaborate and orthosilicate. 0. Cesai'o ix'ganls howhte as an ortho- 
silicate with some silicon replaced by \V. and 1). Asch repn»iont(Hi it by 

4 Ca 0 . 2 Si 0 j. 6 B, 03 . 5 H, 0 . C. F. Kammelsberg found the water was expoHe<l at 360', 
and hence regarded it as water of ciystallization. The acicular or prismalm crystals 
belong to the rhombic system. Howlito may also occur in white earthy masswi. The 
sp. gr. is 2'65, and the hardness 3-4. H. How* also described a white iTystallme calcium 
liorosilicate from Winkworth, Nova Scotia. He called it u'mku'orlfuii'. It is n>ganlot! (u> a 
mixture of gypsum and howhte. W. (1. Giles obtamefi from San Bomadmo, Califonna, 
an amorphous mass of what he called 6al‘cni<;—after H. ('. Baker. The analyst's corre¬ 
sponded with BCaO.OSiO^.tiBjGj.OH./). The sp. gr. was 2'73; and the hflixJness 4|. 
It is readily soluble in dil. hydrochloric ac-id. A. S. Eakle claims that c<vmidhk- vide 
6. 32, 12—is a utagnesium boroailkale, 2(Mg(),Fe0}.H20j.Si0j.H|0. 

A. Lacroix found a white basic lithium borosilicate near tlio Manandoiia river, 
Madagascar; and he named it nianarulonitf. The analysis corresponds with 
Li 4 Al, 4 B 4 KSi, 04 ,. It occurs in lamellar aggit'gates or mammillary crust* of hexagonal 
plates. 

M. Faraday “ molted a mixture of 112 parts of lead oxide, 10 of silica, and L4 of horit! 
oxide, and obtained a lead borostlicute; K. Bock and co-workcrs found that Ti por cent, of 
liorio acid made lead silicate glasses more fusible— tlie momisilicate melted at 400 . tlio 
disilieato at 640 \ and the tnsilicatti at 000 '. The bone o|ide incieiwos tlie attack by 
one per cent, nitnc acid, or 4 per cent, acetic acul. I’. Bartel obtaine«l an analogous 
i-osult. Axmii' may he a borosilicate—c/dc the inm silicjifes. 
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I'liiv. I'alifornia, 6. 179. 1911 ; C, F. Runiinelslerg, llandbueb der Miuerairbemie, Is'ipzig, 270, 
1895; P. Groth. Talullansebe I'ebtrsirbl der .Minrraliin, Brniinseliweig. 127, 1898; W. and 
D. Aseli, Die. Riheale m etieuii..ehir and belnnseber Beziehuug, Berlin. 77. 1911 : London, 77, 
1913 ; G. Cesaro, Riv. Mm. Prist, Hal., 50, 3, 1918 ; A. S. Eakle, Amer. Mm., 10. 65, 1(8), 1925, 
"> A. Lacroix. Bull. A'or. .llin.,35 223, 1912 ; PompI Rend., 166. 441, 1912. 

“ M. Faraday, Phil. Trans., 120.1, 18.'8i; K. Beck, F, lAiwo, and P. Stegmiiller, Arb. Kaiser. 
Ges. Ami., 33. 20.3, 1910; P, Bartel, Ker. Bund, 27. 5, 9,1918. 


§ 34. Alui^um l^ilicates 

N. G. Sofstrom' obtained a sintered mass by heating a mixture oftnols of 
silica and 2 mols of alumina in the strongest heat of a blast furnace. I’. Bcrthier, 
W. A. Lampadius, and A. Gaudin made observations on fused mixtures of silica 
and alumina ; but no definite combinations were produced, although several were 
reported. Thus, N. G. Sefstrdm rejiortcd 2 Al 203 . 3 Si 02 ; P- Bcrthier, AI 2 OJ: SiOg; 
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4:3, 2:3, 1:3, and 2:9; and C. F. Plattner, 2Al203.9Si08. W. Vernadsky 
obtained Al^SisOg and Al 203 .Si 02 by strongly heating aluminosilicates—w'de infra, 
andalusite and sillimanite; H. St. C. Deville and H. Caron, 4 Al 203 . 3 Si 02 by 
heating alumina in silicon tetrafluoride; S. Meunier, 5 Al 203 . 6 Si 02 , by heating 
aluminium in sdicon tetrachloride; H. St. C. Deville, by heating alumina in the 
same gas; E. Pr4ray and C. Feil, 2 Al 203 . 3 Si 02 , by heating silica in the vap. 
of aluminium fluoride; and F. Singer, Al 203 . 2 Si 02 , by calcining ammonium 
zeolite. With the exception of .sillimanite, Ai 203 .Si 02 f the chemical individuality 
of none of these products has been established. There is evidence of the existence 
of another compound, 3 Al 203 . 2 Si 02 , on the f.p. curve. H. A. Segcr ^ made some 
observations on the fii.sibility of mixtures of alumina and silica. He found evidence 
of a eutectic with about it mols of silica per mol of alumina. H. A. Seger’s results 
were replotted by H. Neumann; and verified by L. Bradshaw and W. Emery. 
For colloidal aluminium silicates, vide supra, water-glass. 

S. Kozu 3 and co-workers reported a mineral from Kochi-mura, Rikuchu, 
Japan, which they called kochite. It formed a granular aggregate of cubic crystals, 
with the composition 2 Al 203 . 3 Si 02 .r)H 20 , or Al 4 (Si 04 ) 3 . 5 H.> 0 , or normal alamillitun 
orthosilicato. Its sp, gr. at 1.6“ was 2'929; and its index of retraction for the 

D-line, 1-590. The water 
is rapidly evolved when 
the mineral is heated in 
air at 725°-800°; and in 
water-vap. at atm, press, 
it is given of! at 775°- 
79(1°. G. A. Rankin and 
co-workers, and N. L. 
Bowen and J. W. Greig, 
have studied the general 
behaviour of the binary 
sy.stem, Al.jO;)- Si 02 , illus- 
t rated by Fig. 108. Only 
one compound appears 
in the .system at these 
temp., and il.s conijiosi- 
tion is repre.sented by 
3 AI. 203 . 2 Si 02 . There is 
no evidence of the forma- 
Per cent. dli/miM tion of sillimanite. 

Fro. 108.- -Free7.inp.|K>int Curves of the Binarv System : Al 203 .Si 02 , under these 

AljOi-SiO,. ‘ conditions. The observa¬ 

tions by G. .Shearer, and 

J. W. Mellor and A. Scott show that the X-radiograms of kaolinite, and of a mol of 
kaolinite mixed with a mol of alumina fired at 1700°, arc quite dilloreut from the 
X-radiogram of a mixture of a mol of kaolinite with two mols of alumina. The 
inference is that there are two distinct compounds, sillimanite, Al 203 .Si 02 , and 
what N. L. Bowen and ,1. W. Greig propo.se to call muUite, 3 Al 203 . 2 Si 02 , in allusion 
to the fact that the " best de.scribed examples ” of sillimanite are those of 
H. 11. Thomas from the Island of Mull. It is probable that the two compounds 
can form solid soln. R. Ballo and, E.'Dittler also found only the one aluminium 
silicate to be stable in contact with molten lithium silicate. R. C. Wallace observed 
the formation of sillimanite when silica and alumina are melted together—titde 
infra. P. J. Holmquist discussed this subject. 

Three distinct crystalline minerals can be represented by the empirical formula 
Al 203 .Si 02 , and this aluminium silicate is therefore trimorphous. The three forms 
arc called sillimanite, andalusite, and cyanitc or disthene. As shown by 
W. Vernadsky, and E. H. M. Beckmann, sillimanite is the only form stable at a 
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high temp., and preaumably has the simpler constitution. Cyanite has the highest 
sp. gr., and sillimanite the lowest. The metasilicdtes are usually more stable than 
the orthosilicates. P. Groth therefore argued that andalusito is probably an ortho¬ 
silicate : AlsSi 04 .Al: 0; or Si 04 =Al 2 : 0—provided the molecules are not 
polymerised. Cyanite and sillimanite can thus be regarded as metasilicates— i.e. 
alnminiom dioxymetasilicate: 


Si0,(A!0),. or A1: Oj; A1; (SiO,), or (0: Al; O.AI)SiO, 

If the mols. have a higher mol. wt. than is represented by the formula Al^Os.SiOj, 
the possibilities of isomeric forms are multiplied. F. W. Clarke and J. S. Dillet 
gave for sillimanite: 


^;j5>Al-Si0.=(A10). 


K. Zulkowsky found that disthene gives off 1J mols of carbon dioxide when a mol 
is fused with 3 mols of alkali carbonate. He thinks that this is not in accord with 
P. Groth’s diiithcne formula, (A 10 ) 2 Si 03 . He represents the three forms by 


SiO.O.AhOj; Al., 
‘"SiO.O.Al: Oj; AK' 
Andala'4jt4' or Cyauite. 


.SiO.O.AlU)2:AI 

^AI.(K;AI.O.SiO-^ 


K. Zulkowsky has separate formuho for andalusito and cyanite, but whim expressed 
in this way, they both give the same result. Since tojiaz and andalusite readily 
form muscovite mica, F. W. Clarke suggests that the empirical formuhc of the two 
former minerals should be tripled so as to keep the formuhc of all three minerals of 
the same typo; 


Al,(Si04)3(.4l())3 AI,(SiO,)j(AlF4)3 AI,{.Si 04 ),,KH, 

Andalufflte. Topaz. MiiHCovltc. 


This subject was discus-sed by L. Grunhut without relevant evidence. Sillimanite, 
A 1 . 20 ;,.Si 02 , can be represented as silicon oxydialuminate, 0 Si A1(0,)«. 
which is related to niullit<5, 3 Al 203 . 2 Si 02 , as indicated by the formula 
(A102)3Si- 0”Si(A102)3 for silicon oxyhexaluminate. In tho absence of more 
definite facts, there is no profit in pursuing the subjoe/ further. R. H. Sosman 
suggested a possible parallelism between cyanite and quartz, cristobalite and 
sillimanite, and between tridymite and andalusito. 

Sillimanite occurs in separate crystals- -usually long an<i slender- or in aggre¬ 
gates of fibres arranged in a diverse or radiating manner. There are several 
varieties differing simply in texture, and more or less contaminated with quartz, 
corundum, etc. The mineral may be colourless, white, or tinged brown, grey, or 
green. A dense compact birm is one, of the many different minerals which have 
been called ; and, according to A. Damour,^ F. W. Clarke, and F. Quiroga, it 
was sometimes used by prehistoric man in Western Europe for n)aking implements 
and utensils. 


In 1792, B. von Linrlftcker dewrilked a fibrous mineral from T^oliomia winch lie called 
FfMcrkiesel, and wiiicli, acoordiiif; to A. <1. Werner, and C. f-. von Loonlianl, ininht bo a 
mixture of tremolito and quartz. J. L. Boumon called a variety which lie found in some 
Asiatic corundum, fibwltiti. J. A. H. Lucas pro{>OHed the name botimoniif. Kihrolite was 
analyzed by K. Chonovix, and B. Silllinan. According to C. K von Kuclis, lifmilito is a 
mixture of disthene and quartz. L. J. Sf^pneor rejiorteii a blue fibrolita from Burma and 
Ceylon ; it had the indices of refraction with Na-Iight: a --1 '6084, — 1 *6006, and y I '6780; 
and birefringence y --o—0*0205. The optic axial angles were 2f/=62" 2', and 2V'»-2H® 2'. 
R. Brandee c^e<l a variety which he found in Tyrol, buchokile —after C. Bucholz. 
Theee three terms were regarded by E. F. Olocker, C. Hartmann, and J. K. L. Hausmann 
as synonyms for the same mineral specim. A mineral from Saybrook, Connecticut, was 
described by (4. T. Bowen ; it was c^lod ftlUmanite, after B. Silliman, who showed that it 
is chemically and crystallographioally like fibrolite. A. Erdmann c^lod a mineral from 
Bamle, Norway, bamlite. L. Saemann, and P. A. von Sachsen-Cobeig showed that it is a 



466 INORGANIC AND THEORETICAL CHEMISTRY 

mixture of sillimanite and quartz. N. NordenakjOld named a mineral from Peterhof, 
Finland, MnoWe—from etraager. A. Lacroix ehowed that it reeemblee flbrolite. 

Xenolite accompanied the mineral wortbite — named after M. von Worth, by H. Hess. 
WOrthite ia a partially hydrated and altered sillimanite. The mmroliie from Monroe, N. Y., 
described by B. Silliraan is a mixture of sillimanite and quartz. The QlamapiUh, or 
glance ipar, of H. von Dechen, and G. vom Rath, was shown by W. Vem^sky to be impure 
sillimanite. C. Hintze takes the same view. The mineral weetan-Ue from Westana, 
Sweden, was dofw;ril)od by (!. AV. Blomstrand. It is regarded as a hydrated fibrolite; 
P. Oroth suggested that it is an oltere<l andalusite. T. Thomson mentioned hydro- 
burholzile, probably from Sardinia. A. dee Cloizoaux said that mineral is a doubtful 
sperdes and has little in common with bucholzite. 

Analyses of the different varieties have been reported ; and various occurrences 
recorded. The mineral‘is mined at A8.sam, India. A compound resembling 
sillimanite was made by H. St. C. Devillc and H. Caron 5 by the action of silica on 
aluniininm fluoride, or of alumina on silicon fluoride at a high temp. Similar 
results wore obtained by E. Fremy and C. Foil, and by A. Reich. Andalusite and 
cyanite were shown by W. Vernadsky to be each transformed into sillimanite 
between 1320° and 13S0°, with the disengagement of heat. He obtained sillimanite 
by fusing together siljca and alumina. R. C. Wallace, and G. Stein obtained 
sillimanite crystals in a similar manner. When fused sillimanite is rapidly cooled, 
said E. S. Shepherd and G. A. Rankin, it always crystallizes as sillimanite. Soln. 
of sillimanite in fused calcium vanadates, borax, albitc, etc., always give crystals of 
sillimaniti!. W. Vernadsky said that better cry.stals are produced if 2 to 4 per cent, 
of magnesia is present in the magma, .f. Morozewicz studied the conditions under 
which sillimanite can form magmatically; in a firsed magma of the composition 
RO.wAljOj.nSitL, if magnesia and iron oxide are absent, and w—1, sillimanite ia 
always developed if n be greater than 6. Artificial sillimanite was discussed by 
(!. E. Sims and co-workers, 0. Rebuffat, A. Malinovszky, etc. 

The formation of crystals of sillimanite in porcelain was observed by 
(.h G. Ehrenberg, A. Biinzli, A. Zdllner, E. Plenske, G. N. White, M, Glasenapp, 
E. Rosenthal, A. Osehatz and A. Wachter, H. Behrens, E. Husaak, W. Vernadsky, 
,T. W. Mellor, I’. Suatachinaky, P. A. Schemjatschensky, A. S. Watts, A. A. Klein, 
A. Scott, H. Ries and Y. Oinouye, 1,. Bertrand, etc.; and in firebricks by 
.1. W. Mellor, A. H. (’ox, fl. M. Kraner, and others. It also appears when china 
clay has been heated to a high temp, short of fusion. The temp, of formation must 
be lowered in the presence of felspar, because A. Heath and ,1. W. Mellor observed 
them in pottery bodies,,fired below 12(W'’. W. Bitel observed their formation in 
alumino-thermic processes. From the observations of N. L. Bowen and J. W. Greig, 
it ia probable that mullite has nolt always been distinguished from sillimanite in 
these reports of sillimanite ; and F. H. Riddle, and T. S. Curtis said that the crystals 
they obtained had the composition of mullite, not 8illin\anite. In some cases, the 
artificial crystals have been analyzed, and the residts are iu agreement with the 
mullite ratio, but it is not always clear that the isolation of the crystals by hydro¬ 
fluoric acid does not leave an aluminous residue behind, .since there are no indica¬ 
tions that this has been removed by washing preferably with a soln. of ammonium 
acetate. The use of sillimanite as a refractory material was discussed by 
A. Malinovszky, A. F. Greaves-Walke.r, and S. English; and of andalusite for 
sinking plugs, by A. B, Peek. Sillimanite makes a very good refractory brick 
when nii.xed with 10 -20 |)er cent, of a good type of plastic clay as a bond. 

According to E. Taubert, the cryitals of sillimanite belong to the rhombic 
system, and they have the axial ratios' a:b: c-0'9696 : 1 : ()-7046 ; A. des 
Cloizoaux gave 0 0873; 1: —. G. A. Rankin and F. E. Wright said that 
sillimanite crystallizes from the melt in fine-grained, fibrous, nr lath-shaped indi¬ 
viduals, which, like the natural mineral, are often in close parallel columns. It 
is difficult to cool molten sillimanite quickly enough to prevent crystallization, but 
the glass can be obtained by dropping the fused mass from the tip of a perforated 
conical crucible directly from the electric furnace into cold water. The glass 
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readily crystallizes into sillimanite when heated to 1200“, or when heated to 350“- 
400“ in bombs containing a 10 per cent. soln. oOsodiuin chloride. The cleavage 
with the natural crystals is well defined; and in the artificial crystals the cleavage 
is distinct in the direction of elongation of the fibres. The optic «*i»1 angle of the 
artificial crystals is not large. A. des Cloizeaux found the optic axial angle at 
18“ is 2£=49° 9' for the red ray; 42“ 30' for the yellow ray; and 38“ 41' for the 
blue ray. For white hght, 2£=35“-40“. The effect of temp, is as follows: 

12 ” • 16 ” 4 "” 05 - 5 ” 121 ” 110 - 5 ” 175 ” 

2B . . 44“ 4' 44“ 4' 44“ 2S' 46“ 0' 46“ 18' 45“ 64' 46“ 8' 

A. Lacroix found 2F=-26“ for yellow light; G. Molczer, 31° 11-5'; and A. Michel- 
Levy and P. Termier about 20“; W. Eitel, 43“; and -E. S. Larsen, 20°. The 
X-r^Ograms were examined by G. Shearer, and F. Kenne. The sp^iflc gravity 
of the mineral is 3-235-3-248. E. H. M. Beekmanu gave 3152 for the sp. gr. before 
calcination, and 3'157 after calcination. E. S. Shepherd and G. A. liankiii gave 
3-031 for the sp. gr. of tho artificial crystals, and 2 54 for the glass. 1. I. Saslavsky 
studied the mol. vol. of sillimanite. The hardness is between 6 and 7. G. Spezia 
tried the action of the oxygenated blowpipe llame on sillimanite, 'The melting 
point of artificial sillimanite is 1811°, according to E. S, Shepfierd and G. A. Kankin ; 
and 1810°+ 10°, according to G. A. Rankin and F. E. Wright. As indicated 
in h’ig. 108, N. L, Bowen and .1. W. Greig found that nudlite melts incongruently 
at 1810°, forming corundum and liquid. ^ Natural sillimanite though unstable 
at higher temp, does not suffer any change when heated for several days at 1545°, 
but above this temp, it breaks up into crystals of mullite and liijuid. The 
passage of cyanite and of andalusite into sillimanite apjiear to be monotropic 
changes, for E, S. Shepherd and G. A. Rankin w-ere quite unable to produce either 
cyanite or andalusite from sillimanite. They add that it seems reasonably certain 
that andalusite and cyanite are formed by crystallization from soln. at low temp. 
G. A, Rankin and F. E, Wright state that terminal sections of the fibres of artificial 
sillimanite arc .square in outline, and that the centre of nearly every section has a 
minute inclusion in the shape of a cross with arms parallel to the sides. Minute 
inclusions of a lower refracting iaotro])ic substance are almost always present in 
artificial sillimaiute. It is postulated that at its ni.p. sillimanite is dissociated into 
alumina and this glass. The temp, of dissociation is so,high -above 1890“ -that 
the hypothesis has not been tested. 0. S. Buckner gave 0'00432 for the coeff. of 
thermi conductivity in G.G.S. units. 

A. des Cloizeaux gave for tho index of refraction of the mineral for the red ray, 
jS l-fitiO; A. Lacroix gave for the yellow ray « -1-659, ;8--l-G61, and y -I'fiSO; 
E. 8. Larsen, a--l'fi.59, jS-l-fitk), and y-1-680; and G. Molczer, a-1-0562, 
j8 -1-65705, and y--1 6760. G. A. Rankin and F. E. Wright found for the 
artificial crystals with Na-light, a .1-638, ^ G-642, and y--l-6.53, each +l)-(X)3; 
and W. Eitel, a--l-648, ^—1-652, and -y-16(i4. 'Thesie values are lower than 
those of the nuneral. E. 8. Shepherd and G. A, Rankin gave for the index of 
refraction of sillimanitc-glass, 1-625, N. L. Bowen and ,1. W. Greig gave the 
following comparison of the pro|)ertie,s of mullite and sillimanite : 


Crystal system . 

Prism angle (IIOHIIO) 
Cleavage 

Refractive indices 
Axial angle, 2 P . 


Mullite. 
rhombic 
811“ 1.1' 

( 010 ) 

a=l-664l, y=l-042 
45“-80“ 


SUlImaultc. 
rhombic 
88“ 16' 

(OlO) 

11=1 077, y=| -667 
26“ 


The birefringence of the artificial sillimanite crystals is about y— a -0 014. The 
optical character is positive. Observations on the optical constants were also 
made by F. Griinling, and by E. Taubert. A. des Cloizeaux found the mineral 
to be pleochroic, being colourless when viewed in one direction, and pale rose-red 
in another; H. Rosenbusch found a sample from Saybrook to be dark brown in 
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the direction c, and pale brown in the directions h and a. A. Lacroix al4b made 
some observations on this subjert;. F. Haber said that porcelain containing a large 
proportion of sillimanite does not conduct electricity below 900®; but beyond that 
the electrical conductivity increases with the temp. A. V. Henry found the 
electrical resistivity, R ohms per c.c., of sillimanite refractories with a 45 volt, 
1000 -cycle alternating current to be 

400* 600* 800* 1000’ • 1200* 1400* IWO* 

R . ' . .•JOSxlO* 148X1(0 I79XI0» 363x10* 116x10* 4290 3160 

Sillimanite, as prepared by G. A. Rankin and co-workers, is not affected by hot 
or cold water ; and is but slowly attacked by acids or alkalies. It is practically 
unaffected by hot or cold hydrochloric, sulphuric, or nitric acid, or by cold hydro¬ 
fluoric acid. , It is slowly decomposed by mixed hydrochloric and hydrofluoric acids, 
and by fused sodium carbonate. P. Sustschinsky studied the action of sodium 
carbonate on sillimanite. H. Hancmann found that molten cast iron reduces 
silicon from the aluminosilicates. 

The mineral andalusitc was first obtained from Andalusia, Spain, and this 
name was first applied J;)y J. C. Delamcthcric.® Previously, J. L. Bournon referred 
to it as spath adamantin d'm rouge Met, and L. B. G. de Morveau ufekpath du 
Forez. 

U. J. Haiiy called andaluHito fehlMjxUh apyre; J. Ilniiincr, micaphilUc—drom ^Aos, loved 
—not micaphyllite. M. Flurl calltMl a variety from Stanzen, Havana, »tan:aite. The BO*called 
rliiastolite- from j^ioorot, arranged diagonally, from rhi, the old Grt'ek name for the letter 
X- hoH been under observation from early times. J. .1. Hemliartli, F. S. Houdant, K. Bunsen, 
and (f. Landgrebe showed that it is a variety of andaiusite which waa so named by 
1). L. (i. Karsten because it exhibits in cross-section a coloured cross, or mosaic pattern. 
It was referrerl to by (lesner in 1665. M. Mercati called it lapis crucifer; C. P. G. de 
Knbiou, pierre <ie, rnatle ; J. Hill, cross-stone, or Spanish shirl; V. Aldrovandi, and 
J. B. L. Hoint^ de ITsle, purre de croix ; J. C. Delam^therie, andte.; K. J. Haiiy, inacle.; 
and A. G. Womer, Hohlspath. The term said C. P. G. de Kobien, is from the Latin 
macula, a spot, and refers to the muscle or macula in heraldry, wliere it means a design with 
a lozenge-shape or a rhomb with an open centre. It has been suggestcil that the macula 
in the armorial bearings of the family of the Vicomte de Hohan was taken from the 
ohiastolito of their noiglibourhood. H. F. Link’s tnaranile is andaiusite, which occurs on 
tho Sorra de Maras. ,T. J. Soderholin culU^l a variety of cluastolito from Ladoga Lake, 
Finland, miltrsde; H. Biickstrdm, a variety of andaiusite with about 7 per cent, of 
manganese oxide, manyanandalusitc. (5. Klemm’s gw'en variety nz/f/fHc from Darmstadt 
is andaiusite containing iron and inangmiase. 

Many analyses of anSalusitc have boon made, and varimis ooi'nrrences reported.^ 
Andaiusite is commonly found in *lio z<mos of contact of clay slate near dykes of 
granite or divrite. It is also found in many metamorphic schists. A. Knopf 
reported a largo body of rock, almost entirely andaiusite, at Inyo Range, California. 
The earliest analyses by C. F. Biicliolz, L. B. G. de Morveau, etc., appear to have 
been made on specimens contaminated with quartz because their formula!—e.g. 
AlsSiuOjo and AloSi,©;;,—deviate from the Al 28 i 05 of later analysts with clean 
homogeneous samples. The constitution has been discussed in connection with 
sillimanite. One plausible hypothesis makes it ahiminium tnvMxyorlhosilkate, 
or aluminium aluminoiyorthosiJicate, AljlAlOjalSiO,),, or AllAlOlSiO,. The 
alleged syntheses of andaiusite by H. St. C. Deville,^ E. Fremy and C. Feil, and 
S. Meunicr have not been established- -Ptde sillimanite. E. Baur prepared a product 
with optical proprties similar to andaiusite excepting a different refractive index. 
Ho heated to ,100°-500° in an antfeolavc i mixture of silicic acid, alumina, and 
potassium silicate; or a mixture of silica, aluminium hydroxide, and potassium 
aluminato. Other silicates were formed at the same time—possibly pyrophyllite 
and mnscovite. 

The colour of natural andaiusite may be white, grey, red, violet, brown, or green. 
It oecuis massive and crystalline. The crystals have been studied by W. Hai- 
dingcr,* A. Schrauf, V. M. Goldschmidt, P. B. Haefele, J. Krejci, B. 8 . Dana, 
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etc. According to A. des Cloizeaux, the axial ratios of the rhombic crystals arc 
0 : b: c=0’98613:1:0'70238. The (110) cleavage'is perfect, while the (100) and 
(010) are less well defined. The optic axial angle, 2F. was found by A. des Cloizeaux 
to be 84° 30'; P. von Jeremejefi gave 2P=87° and 2H from 96° 30' to 113". 
E. Bertrand gave 2N=96° 32'. A des Cloizeaux found that the optic axial angle 
is reduced about 2J° by a rise of temp, from 21°-19r. E. E. Schmid gave 3 07-311 
for the speciflo gravity.; C. M. Kersten, 3 152-3 154; J. Both, 3'401; A. von 
Hubert, 3T03; G. Grattarola, 2'86; M. F. Heddle, 3121; P. von Jeremejefi, 
2'944-314; G. F. Kunz, 3'2-3'4 ; W. Haidinger, 3170; and A. Dainour, 31IK). 
E. H. M. Bjekmann gave 3-158 for the sp.gr. of the mineral before calcination, and 
3150 after calcination. The hardness is generally rather less than 7. G. Lindner 
found the specific heat to be 01684 at 50°; d l73l at 300°; 0 1774 at 1.50°; 
01819 at 200°; and 0'1861 at 250°. R. Cusack gave 1209° for the melting point. 
This value is far too low. A. L. Fletcher gave 1259°; and C. Doelter gave 1330°- 
1395°. The m.p. of the pure compound must be like that of sillimunitc if, as 
W. Vernadsky said that andalusitc changes into sillimanite at 1300° with theevolution 
of heat. B. S. Shepherd and G. A. Rankin found the change takes place so slowly 
at that temp, as to mask completely the character of the corresponding heat change. 
They found that no .sillimanite is produced by heating the mineral for 28 ilays at 
900°, or 168 hrs. at 1150°; but there is much alteration after 4 days at 1500". 
Sillimanite was observed after heating andalusitc with sodium chloride at 8(K)° for 
168 hrs. or with calcium vanadate for 48 hrs. at 100" or 216 hrs. at 900°, At higher 
temp., the andalusitc is decomposed by reacting with the agent minfmhsakur. The 
change of andalusitc to sillimanite is monotropic, for the rever.se change did not 
occur under any of the numerous conditions tried. This agrees with W. VeriuKlsky’s 
observation that andalusitc docs not occur in igneous rocks, A. B. Peek, and 
N. L. Bowen and J, W. Grcig represent the change, not into sillimanite, but into 
mullite, AljSijjOi.i, at about 1350°. A. des Cloizeaux found the indices ol refnction 
for the red ray to be a—1'632, )3 -1'638, and y--l'643 ; and E. Taubert obtained 
rcs])octively for the G-, D-, and /’-lines, o :-l'63(X), l’6.3fil, and 1'6410 ; )3 -1 6326, 
1-6390, and 1-6440; and y -1-6386, 1 6453, and 1-6611. The, birefringence 
y-o is 0 011 ; y~^-=0-005 ; and ;8—a—0006. The optical character is negative. 
M. laiwitskaja found that although each of the principal refractive indices of 
andalusitc has a maximum absorption of light near 485/i/i, yet only )3 has' an 
absorption maximum in this region. According to A. Bertin, E. Mallard, and 
W. Haidinger, sections of andalusitc normal to an optic a^is are idiojihanous, or 
show polarization brushes distinctly. The crystals are strongly pleochrolc. 
W. Haidinger found crystals showing, n, olive-grcXin; 5, green; and c, dark blood-red. 
A. des Cloizeaux, B. Bertrand, P. von Jeremejefi, and W, Haidinger made observa¬ 
tions on this subject. The red and green dichroism of andalusitc from Minas Geras, 
Brazil, is remarkable ; and sections cut from the mineral may be so facetted that the 
light obliquely reflected from the sides may be, differently coloured from light more 
directly reflected from the centre. According to 0. Miigge, radium radiatioiU 
do not affect andalusitc ; but, according to C. Doelter, X-rays affect this mineral 
more than they do quartz. Stout crystals of chiastolite or made often have the 
axis and angles a different colour from the remaining mass. This is duo to a regular 
arrangement ol the impurities in the interior. The crystals may therefore show a 
coloured cross, or a tesselated structure when viewed transversely. J. J. Bernhardi 
found the central column sometimes widehs from the middle towards each end. 
C. T. Jackson made similar observatiorik. Observations on this subject have been 
made by the early mineralogists— vide stipr<r~and by J. F. L. Hausmann, H. Rosen- 
bnsch, W. Cross, F. Zirkcl, J. Durocher, A. des Cloizeaux, H. Fischer, 0, A, Kenn- 
gott, A. von Lasaulx, F. E. Mailer, C. E. M. Rohrbach, A. Gramann, E. Weinschenk, 
R. Rfldemann, etc. The peculiar structure is supposed to indicate a skeletal 
growth of the crystals in which the carbonaceous residue has followed the lines of 
growth during the conversion of slate into crystals of andalusitc. 
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Andalusite is insoluble in acids; but it is decomposed by fused alkali hydroxide 
or carbonates. It is slowly attacked by fused borax. P. Jannascb said tlia 
unlike most silicates andalusite is only partially decomposed by fused boric oxide 
G. A. Binder studied the behaviour of andalusite towards water at 160°. F. Cornu 
found the moistened mineral reacted alkaline towards htmus. W. Suida found 
the mineral feebly adsorbed aniline dyes. C. Doelter heated andalusite with 
potassium carbonate and fluoride for several weeks at 250°, and observed the 
formation of scales of mica. He also compareji the effect of a number 
of chemical agents on andalusite and cyanite. With fused potassium hydroxide 
no me8.surablo difference was observed; a similar result was obtained when dry 
hydrogen chloride was passed over the heated minerals, which were afterwards 
leached with water to find what proportion was made soluble. When heated in a 
stream of chlorine, cyanite lost but a slight amount more than andalusite. Ten 
]ier cent, hydrofluoric acid dissolved 84 per cent, from cyanite, and 44'4 per cent, 
from andalusite. The amount of alumina dissolved in both cases was nearly the 
same, namely, 4()'2 per cent, from cyanite, and 43'1 per cent, from andalusite. 
When digested at 180° in an autoclave with a soln. of sodium hydroxide, andalusite 
lost an unweighably sgiall amount, whiic cyanite lost 1’23 per cent. The conclusion 
is that, although in particular cases there might be a diffiuence, in general, the 
two minerals behave very much alike towards these reagents. J. Lemberg heated 
andalusite or cyanite with alkali silicates or carbonates under press,, and found that 
zeolitic substances were formed. K. Zulkowsky studied the action of fused sodium 
carbonate on andalusite. 

The change of andalusite into muscovite, was observed by A. (iramann; and 
into chlorite and kaolinite by P. E, Haefele. The reaction for muscovite is symbolized 
by C. K, van llise: GAl 2 Si 305 -}-K.,C 03 -l-] lH 2 ()-.(iAl( 0 H),,+ 2 n 2 KAljSij 0 i 2 +(’ 02 ; 
and for kaolinite, 2 Al 2 Si 05 d 5H20- -2Al(0H)3-|-H4Al2Si20i|. Analyses of trans¬ 
formation products have been reported by 0. G. G. Bischof, P. von Jeremejeff, 
.1. Roth, .1. R, Blum, G. Grattarola, K. Hiissak, .1. Romberg, etc. M. Weibull 
showed that the so-called weslanite or veslanite, is an altered andalusite. F. Slavik 
found pseudomorjiha of chiastolite after mica near Pribram. 

A blue mineral from Botiphinie, Scotland, was called by B. G. Sage '> tefc Ueu, 
and later hril feuilleU. When the mineral is blue and transparent, and in large 
enough pieces, it can be <iscd as a gem, and it then rcacmbles sapphire. N. T. ile 
Saussure, by a misreading ol a label “ sapphire,” called it mppare. A. G. Werner 
designated it cyanite or rather kyaiiite—ftom mm, blue. R. .1. Haiiy called it 
duthene ~fmn Si's, twice ; and aOtm, strong—in allusion to the unequal hardness 
and electrical properties in two different directions. C. A. S. Hofmann called a 
white variety of cyanite rhorfinVe-from Rlnstia, the ancient name of Pfitsc.hthal 
where the mineral occurs. 

(lyanitc occurs principally in gneiss, mica slate, and crystalline, schists. It 
does not occur ns a pyrogonctic mineral in igneous rocks. Various occurrences and 
analyses have been reported. The results agree, with the formula Al 203 .Si 02 . 
The constitution has been discussed in connection with sillimanite. A, Daubree 
thought that he had synthesized cyanite by the, action of silicon tetrachloride on 
alumina at a red heal, but H. St. C. Deville showed that he was mistaken -vide 
sillimanite and andalusite. The colour is white, blue, grey, green, or black ; the 
crystals may be blue along the centre of the blades, and the margins may be white. 
It may occur in transparent crystals which are usually long-bladcd crystals; the 
crystals may also bo coarsely bladed columnar, or snbfibrous. The first measure¬ 
ments were made by R. J. Haiiy. The angles were also measured by W. Phillips. 
Observations on the crystals have been also made by T. Licbisch, A, des Cloizeaux, 
J. Pllicker and A. Beer, G. Cesaro, G. Rose, A. Bdhm, etc. The crystals belong to 
the triclinic system, and M. Bauer’s values for the axial ratios o: 6: c are 
0'8ii912:1:0-69677 ; o=90° 23', |3=100° 18', and y=106° 1'; G. vom Rath gave 
0-89942:1:0-70898, and a=90° hj', 15=101° 2i', and y=105° 44^'. F. Rinno has 
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studied the Z-radi(«run of cyanite. The (100) cleavage is perfect, the (010) is 
less so, and the (Oil) imperfect. M. Bauer, and' 0. MUgge studied the gliiting 
planes of the crystals. H. Traube, and T. L. Walker studied the ooiiosion figure ; 
and E. S. Federoff, the orientation of the crystals. The twinning of the crystals 
is common; and the crystals may be so combined as to make right- or left-handed 
twins analogous to those of orthoclase; the twins may also occur in staurolito-like 
forms crossed at an angle of 60°. F. von Kobell studied the axial figures in twin 
crystals; he said that the rigjit- and left-handed twins mav be easily distinguished 
by ineans of the polariscopo. In polarized fight, they give a cross in an oblique 
position, but the principal optical section does not revolve with the revolulion of 
the crystal. The colours with right- and left-handed twins change in different order 
with the revclution. The optic BZial angles were found' by A. des Cloizeaux to 
be 2^=101 6 and 2F—82° 16' for red fight. 0. Korn gave for different samples 
2I/=99° 18'-10r 2' 30" for Li-light, and 98° 55-100“ 45' for Na-liglit. A. des 
Cloizeaux found that there is no perceptible change in the optic axial angle between 
12° and 17'8°. A. Michel-Levy and A. Lacroix made some observations on this 
subject. 

The specific gravity was found by F. Oswald « to be Q 057; by (1. ('. Hoff¬ 
mann, 3*6005; and by E. II. M. Beekinan, 35*6-3*59 before (‘aicinutu>n, and 
3*236-3*240 after calcination. The hardness on the (lOO)-facc parallel to the 
e-axis, 4-5; on the (100) lace and parallel to the (100) (OOl)-cdge, 6 7 ; and on 
the (OlO)-face, 7. R. Cusack gave 1090° for the melting point of cyanite; 
A. L. Fletcher, 1140°; and A. Brun, 1190“-1210°; C. Doelter observed no fusion 
at 1340°, and gave 1370°-1430° for the m.p. A. Brun stated that at 1310“ 
there is a mol. change. W. Vernadsky found the mineral changed to sillimaiiite 
above 1300°, with the evolution of heat. E. S. Shepherd and (i. A. Rankin 
found the change to be very slow, but more rapid than in the case of andalusite. 
Cyanite was decomposed after luating half an hour at 1500°, but no sillimanite 
could be detected. Similar remarks apply after 48 firs.’ heating in calcium vanadate 
at 10(K)°. There was very little change, in cyanite after being 7 days at 1150”, 
2 days at 1000°, or 28 days at 900°. Similar remarks apply after heating cyanite 
72 hrs. in the presence of sodium chloride at 800°. Under no condition tried could 
sillimanite be converted to cyanite. A. B. Reck, and N. L. Bowen and J. W. Greig 
say that cyanite changes to mullite, not sdlimanite, at.about 1350°. R. Lof'enz 
and W. Herz studied the relation betwemi tlu! m.p. and the critical temji. A. des 
Cloizeaux obtained for the index ol refraction with tjjo red ray, )8 -1*720. 
E.Taubert gave for the 6'-,/l-,andi'-line8,a- 1*7101,1*7131, and 1*7201 respectively; 
P=l*7189, 1*7201, and 1 7219; and y=.l*725e; 1*7282, and 1*7372. K. Wiilfing 
gave for the Na-light, a ^1*7171 1*7124 ; )3- 1*7222; and y-1*728 -1*729. For 
the birefringence y--a d)*0119; y ^^0*0068; and)3-a=-0*(X)51. Observations 
were also made by A. Michel-Levy and A. Lacroix, and by 0. Korn. The former 
gave 0-1*712; ^ -1*720; and y 1*723; and y- o -0*011. E. Mallard and 
H. le Chatclicr found at 6 ° between O' and 300°, for the change in the double refrac¬ 
tion (22,5*7-f4*68A-*2)(l-|-O*OO0O475d)xlO"6; and between .300“ and 600°, 
(221 ~|-6*56A~-)(1 -f 0*00007440) x 10“*. The optical character is negative. Cyanite 
is feebly pleochroic; this is noticeable in strongly coloured crystals between colour¬ 
less and blue. C. Doelter found that cyanite is almost transparent to X-rayS ; 
nor did he obtain any colour change by exposing the mineral to cathode rays or 
to radium rays. 0. Milggc obtained no'result with radium rays. J. RIficker 
investigated the magnetic properties of cyanite! 

Cyanite is not decomposed by acids; hydrofluoric acid attacks it very slowly. 
The action of chlorine, hydrogen chloride, hydrofluoric acid, alkali hydroxides, 
boric oxide, etc., are indicated in connection with andalusite. K. Zulkowsky studied 
the action of fused sodium carbonate on cyanite; J. Lemberg noted that a soln. 
of sodium silicate at 200°-210° forms a substance like analcite. F, Cornu said 
that the moistened powdered mineral gives a feeble alkaline reaction with litmus. 
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Oyanite does not decompose so readily as andalnsite, and the transformation 
products, in nature, are potash'mica, talc, steatite, and pyrophyllite. 

Z. Weyberg '* in his experiments on the action of fused barium chloride on china clay 
obtained besides the hexagonal crystals of 4Ba0.4Alj0,.7Si0j, isotropic irregular grahis 
with the composition 2Alj()j. ISSiOj, or AljSijjOjj. 


The fibrous mineral domortierite was discovered by f. Gonnard in 1881, 
and named after E. Dumortier. It was found embedjjed in the felspar in the gneiss 
blocks near Beaunan, France; and other localities have been reported by G. vom 
Bath, H. Traubc, A. Michcl-Levy and A. Lacroix, R. B. Riggs, J. S. Diller and 
J. E. Whitfield, J. Romberg, E. Wittich, H. A. Weber, W. E. Ford, and A. Damour. 
In most of these cases analyses were also given, and the results of the eSrber analyses 
agree with the formula AlgSijOjg. W. E. Ford gave Al 2 (|Si 7044 , and he assumed 
that it is a basic orthosilicate, (A 10 )]jAl 4 (Si 04 ) 7 , corresponding with heptaortho- 
silicic acid, H 2 gSi 702 g. The later analyses show that up to about 6 per cent, of 
boric oxide may be present. W. T. Schaller then represented the composition of 
the boriferous mineral by HAl(A 10 ) 7 ( 60 )(Si 04 )g, ie. alaminium heptaluminyl- 
boiohydroxytriorthosjlicate, and that of the boron-fiec mineral—if such really 
exists—by HAl(A 10 )g(Si 04 ) 3 , ie. aluminium octoalnminyl-hydrozytriortho- 
silicate. W. F. Clarke represents andalusite, muscovite, and dumortierite by the 
related formula!; 


.Si(),=(Al())3 

Al^SiOjSAl 

^SiO,=Al 

Andaliisltf*. 


,ao,=KHj 

Al(-SiOi=HAl 

\si 04 =Al 

Uuscovlte. 


SiOj^AlOfBOH) 

Al(si 04 =(AI 0 ), 

^SiO.=(AIO), 

Duinortierito. 


In place of the bivalent BOH-group, W. T. Scballer introduced the two univalent 
radicles, BO and H'. The mineral usually occurs in fibrous or columnar aggre¬ 
gates ; rarely in distinct crystals. The colour is ultramarine-blue or greenish-blue 
—rarely colourless, white, or green. According to J. S. Diller and J. E. Whitfield, 
the axial ratios of the rliombic crystals a:b: c—O'oSn : 1 : — ; the prismatic 
angle a])proximatos 5fi'\ The (100) cleavage is distinct. A. Damour gave 3'3G 
for the sp. gr.; (I. Diuck, 3’22; and J. B. Diller and J. E. Whitfield, 3'265. The 
hardness is 7. The index of refraction is moderately high ; A. Michel-Lovy and 
A. Lacroix gave ^-1'65 ; and (1. Linck, a“-l'678, j3--l'()8G, and )'--l' 68 i). The 
former gave for tiie birefringence y-a=-0‘0l0, and the latter, O’Oll. The optical 
character is negative. The pleochrosim is strong; a is deep ultramarinc-blue; 
j3, reddish-violet; and y, colourless. It shows idiophanous figures analogous to those 
of andalusite. Observations on the optical properties were made by E. 8 . Larsen, 
E. Wittich and J. Kratzert, and E. Kimann. 


'I'he so-oHlled terendibite is a dark bluish-green mineral occurring in triclinic cr>'8tal8 
in the moonstone pits near Kandy, Ceylon. Acconling to A. K. Cooinaraswamy,** ita 
composition corresponds with lOlFe.CajMglO.SAljOa.flSiOj.BjOj; its sp. gr. is 3*42; 
and hardness 7. The pIeoc>hroism ranges from pale yellowish-green to deep indigo-blue. 
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§ 35. Hydrated Aiuminlum Silicates- Clays 

The hilla arc shadows, and they flow 

From form to form and nothing stands ; 

They melt like mists, the solid lands 

lake clouds they shape thomsclvcs and go.—T. Hi tchi.nson (1889). 

Kocks show striking difforonces in hehav'our when exposed to the weat her for 
long periods of time. Some remain hard and firm, others cninible and powder in 
a comparatively short time. Many ancient Egyptian and (Irecian monumentfl 
show relatively slight symptoms of decay, whereas in many other countries buildings 
made from apparently similar rocks soon deteriorate, and are sav(‘(l from disinte* 
gration only by continued renovation. Calcareous building stones decay com¬ 
paratively quickly wlien exposed to the moist, acidic vapours which prevail in tlie 
atmospheres of towns. ^ 

Felspar and felspathic rocks are rather susceptible to weathering agents. The 
mineral is rarely found pellucid and clear ; it appears to be first attacked along the 
cleavage cracks. The felspar becomes turbid or opaque, due to the formation of 
innumerabh; particles of what appears, in some cases, to be white clay. When t he 
change is advanced the felspar becomes friable. A granitic rock with its con¬ 
stituents originally bonded by the felspathic matrix, may thus disintegrate and 
leave behind the clay mixed with the more resistant varieties of mica, quartz, and 
other minerals which originally formed the granitic rock. It is, however, probable 
that the product of the weathering of these rocks is not always kaoIinit« or clayite. 

In the extraction of eliina day.'the products* formed by tlio weatliering of the 
less ferruginous granitic rocks are leadied from the sides of tho mine by Htreains of water. 
The velocity of the stream of water oarrj'ing the clay, mica, quartz, etc., in HUH|M*n8ion is 
allowed to slow down gradually whereby all the coarser particles of sand and mica settle 
The flne-grained day, together with a very small amount of flno-grained mica and quartz, 
is allowed to settle in suitable pits ; part of the water is syphoned off ; part is removed by 
evaporation; and the day is finally dried m suitable kilns. Tho water may also Iw 
removed by filter press.; by electrical deposition on the anode of a suitable elwtrieal 
cell; by centrifuge; etc. The product is known as ehlni clay and is sometimes called 
kaolin— -generally outside the industry. 'J’he disintegrated granite from which china clay 
is washed is called china clay rock ; a crystalline form of china clay is called kaollnltc, 
and non-crystalline partides are called olayltc -ihe chief impurities are very tine-grained 
particlea of mica, and quartz. Analysj^ or t))p purer varieties approximate to 
Al|Oj.2SiO,.2HjO. Many of the impurities in the commoner clays can be nmiovtsl by 
washmg. Some of the “iron” in some days cannot be removed in this way, ami Y. Ichikawa 
claimed to have removed it by the action of chlorine on the clay at 100'^ 110'. Chlorine 
attacks metallic iron or ferric oxide plus charcoal at this temp., but not iron oxide without 
the carbon. The process tiiough costly is sometimes effective, sometimes not. Tho same 
remark applies to other modes of purification —vida infra. A more or less decomiiosod 
form of granite is called VomUh atone, which contains more or l<»s undecomfiosed felspar, 
and it is graded for the mu'ket according to the stage of weathering—/mrp/fi atone is hardest, 
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least iresthered, and the most fusible; dry white and buff etonee are most weathered, softest, 
and least fusible; while mild purpfe represents an intermediate stage of weathering. The 
Cornish stone is ground to powder and use<t as a flux in the manufacture of pottery. 

I). G. de Dolomicu 3 said the rock in which the change is in progress is affected 
by la maladk du gratuU. The action is extremely slow, but nature is in no hurry. 
While the decomposition ol silicates by weathering furnishes colloidal silica- opal, 
the weathering of the aluminosilicates furnishes colloidal clay—clayite. There 
are many intermediate products of the decomposition. ‘The transformation of 
felspar to china cloy in nature was recognized by J. *B. L. Rome de ITsle as early 
as 1783, by A. G. Werner in 1791, and by R. J. Haiiy in 1801. The last-named 
called the china clay fdds^mth decompose. The plagioclase felspars highest in lime 
arc attacked most readily, orthoclase is more resistant. Both E. Mitsoherlich,^ and 
C. 0. C. Bischof have remarked that when soda- and potash-felspars are together 
present, the former is frequently found deeomposed and friable when the latter is 
but slightly affected. 

The mechanical disintegration ® of rocks by the alternate freezing and thawing 
of water in fissures and cracks; and the crazing of the surface by the diurnal 
variations of tiunp.—as illustrated by the fact that some buildings show moat signs 
of weathering on the sunny and not the, shady side- -facilitate the weathering of rocks 
by bringing fresh surfaces into contact with the agents which produce chemical 
changes; mainly water carrying various agents in soln.—carbon dioxide, oxygen, 
organic acids, hydrogen sulphide, and sulphuric acid. The products of the chemical 
decomposition of rocks ar(! very varied ; but with felspathic and related rocks, the 
hydrated aluminium silicates, known as clays, arc produced. Among the clays, 
the so-called kaolin or china clay is perhaps the most important. Consequently, 
the conversion of felspar and related rocks into clay, by weathering, is sometimes 
called the kadinizalion of these rocks. 

Kaolin or china clay is not to be regarded as a primary mineral, as 
M. H. Klaproth “ assumed, but is always a secondary product formed by the 
chemical decomposition of other rocks. J. Hawkins^ even suggested that china 
clay rock is the original or parent rock ; granite the derivative. lie maintained 
that the lapidifying ijilluonce has acted from below upwards. The arguments 
are (]Hite inadccpiatc. ,1. Kournet’s ** ideas are difficult to understand ; he suggested 
t hat those minerals whicji at the time of their formation have a tendency to crystal¬ 
lize in two different forma, are least stable, and rocks containing such minerals 
readily decompose. The felspar was supposed to be partly kaolinized during the 
cooling of the granitic magma, ami more complete decomposition was supposed to 
be induced by local electric currents set up by contact with rocks of different kinds. 
Following up a suggestion by A. P. Gehlen,“ A. Brongniart and J. Malaguti, in 
1841, attributed the kaoliuization of felspathic rocks to a kind of electrolysis because 
they were able to decompose felspar by passing an electric current through water 
holding ground felspar in suspension. A. S. Cushman and J. Hubbard’s process 
for the extraction of the alkali from potash-felspar is based on the same reaction. 

There are three recognized hypotheses on the kaolinization of felspar all of which 
have given rise to much discussion. For example, H. Rosier maintains that the 
china clay of Halle, and indeed all clays, are produced by the operation of thermal 
waters with their gaseous emanations; E. Wiist considers that the Halle clay has 
been produced by the action of humus acids; and V. Selle ascribes the kaolinization 
of the Halle clay to the chemical actiigty of water containing carbonic acid. 

1. Folconic gases and mpovlrs, or pneumaiolytic actions —from iretu/ioriKo?, 
air or gas; Xe'to', to loosen. 6. Forchhammer showed the possibility of the 
formation of clay by the action of water-vapour at a high pressure upon felspar. 
This view was generally adopted by L. von Buch, F. H. Butler and J. H. Collins, who 
emphasized the effects ol fluorides and borates in the vapours of fumaroles. 
The assumption that the clay in Cornwall has been in many cases formed by 
pneumatoljRic action, from below upwards, is supported by the facts: (i) the 
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deep-seated disintegrated granite or cliina clay rock—extending sometimes over 
600 ft.—is often most affected in the lower parts of the bed, and tongues of elay 
pass upwards into granite much loss affected; (ii) boriferous and iluoriferons 
minerals—tourmabne, topaz, and tluoro-apatite are eommon in the clay hwalities; 
and (iii) the quartz grains are etched or altered into rounded grains owing to the 
attack by the acidic v'apours. J. II. Collins found that vapours of hydroHuoric 
acid acting on felspar produced a white amorphous powder which has some analogies 
with clay; and he further noticed that potash-felspar was more suseoptiblo to attack 
than soda-felspar, or soda-lime-felspar. Some investigators have perhaps over¬ 
emphasized the action of fumarole discharges from below upwards, and assumed 
that all china clay has been so produced. A summary of the available evidence 
shows that the kaolinizatiou of felspathic rocks may also ])r(M'eed by surface weather¬ 
ing acting from above downwards. According to this interpretation, the rotting 
or weathering of the rock will gradually diminisli downwards until finally fresh 
rock is reached. The surface weathering of some of the rocks in South HraV.il and 
in the Transvaal is considered deeper than usual, ^ and here it extends downwards 
about 200 ft. Again, according to H. lties,'!> the Brandywine Summit clay 
deposits were worked for a number of years, and abandoned when the surface elay 
gave out; the mine was afterwards worked for the felspar lower down. Presumably, 
the surface layers of felspar had been kaolinized. According to 11. Hies, all the 
beds of china clay hitherto e.xploited in the United States have been formed by 
surface weathering from above downwards. 

2. The (Klion of surface waters ehariied with carlioii dioxide. Numerous 
observers have demonstrated the decomposition of felsjiar, mica, and related 
minerals by the action of water, and part icularly water charged with carbon dioxide. 
W. P. Headden, for instance, said that water holding carbon dioxide in soln. is 
nearly nine times as active as distilled water when in contact with felspar (i/.o.). 
Water can work its way into the body of granite rocks through pores and cleavage 
cracks; for, according to C. 11. van Hise,'t granite rocks have a porosity ot U'2 ll'.b 
per cent. According to C. (1. t'. Bisebof, one of the springs in the vicinity of Luke 
Leach (Germany) discharged nearly 176,(KKJ lbs. of water carrying t) i;i per cent, of 
sodium carbonate in 24 hrs.; assuming that the sodium in felspar is eonvert.ed 
into soluble sodium carbonate, this would represent the decomposition ot nearly 
l8,fXX) lbs. of soda-felspar per aiinuni. A few centuries would thus siillice to 
deconqiose enormous masses of granitic rock. It does seem curious to find a dil. 
.solii. of carbon dioxide has suflicient chemical strength to decompose a eombinalion 
like felspar which is fairly resistant to the moat powerful mineral acids; but 
H. Bose pointed out, in 1842, the enormous quantities of carbonic acid which 
are brought into contact with the rock make up for its deficiency in ebemical 
strength. According to L. von Struve and H. Miiller,‘“ carbon dioxide under 
compression is more active than it is at ordinary press. A. Stahl 20 considers 
that the clay deposits of Paa.sau, Mederscblesieu, and Odeiiwald have been formed 
from gneiss rocks by the action of the carbon dioxide. Tin; china clay at Auvergne 
(France) is supposed to have been formed in this way; W. S. Bayley found the 
china clay in the Piedmont Plateau, North Carolina, gradually merges downwards 
into felspar. The effect ot carbonateil waters can be easily over-estimated, in 
contrast with the action of organic acids which are probably more powerful than 
carbonic acid. I. Ginsbcrg,2i however, claims that the formation of china clay 
by the action of organic acids in natural^ waters has not been demonstrated. 
H. Stremme 22 considers that the efficiincy of hll the different weathering agents 
is really due to the chemical activity of aq. soln. of carbonic acid cold or hot; 
and K. Endell has shown that the acidity of moor-waters is largely due. to the 
carbonic acid they contain. 

E. Mitscherlich 23 suggested that the, pyrites occurring in carboniferous strata 
is oxidized by the percolating water holding oxygen in soln. Snlphnric acid is 
formed. This decomposes the underlying felspathic rocks into kaolin, and other 
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products. Since most china clay beds do not occur in the vicinity of carboniferous 
strata, the hypothesis is inadequate. According to R. Bunsen, aq. soln. of hydrogen 
sulphid(!, derived from neighbouring sulphide ores, can kaolinize febpathic rocks 
more vigorously than soln. of carbon dioxide. There is a bttle evidence to show 
that dil. soln. of sulphuric acid derived from the oxidation of neighbouring sulphide 
ores, can kaolinize febpathic rocks. 

3. TIte action of water draining from peat bogs, etc., con{gining organic adds in 
«of«<WK.—According to E. WuBt,^* and V. P. Smipikoff, organic acids—humic 
and crenic acids- - derived from vegetable matter have a far greater corrosive action 
on minerals than has carbonic acid. Water is the agent which brings the acid 
in contact with the rocks. The drainage from bogs and peat beds, water percolating 
through soils, liver and "other surface waters, carry in soln. ammoniacal salts and 
organic acids - humic, oxyhumic, crenic, apocrenic, and other acids. E. Wiist 
claims that humic acid is the important agent in the kaolinization of febpathic 
rocks; and A. Stahl has shown that the majority of the deposits of china clay in 
Germany—Saxony, Thuringia, Silesia, etc.—occur near beds of \\gt\ite -Braunlmhle 
and in many cases underneath these beds. The drainage-water—Afoortcosscr— 
from the bogs, peat,.and lignite has presumably been the active agent in the 
kaolinization of the underlying rocks. The china clays which have been formed in 
this way are usually more pure and more free from ferruginous impurities than 
clays formed in other ways, because, as P. Senft has pointed out, organic acids 
have a solvent action on these impurities. 

According to K. I). Glinka, it is very probable that the products obtained by 
the weathering under different conditions are not the sainc.^o There are also 
many hydrated aluminium silicates—such as pyrophyllite, Al 2 O 3 . 4 SiO 2 .H 2 O; 
halloysite, AI 2 O 3 . 2 SiO 2 . 4 H 2 O ; etc. -whose mode of formation has not been made 
clear. In tropical and subtropical regions—India, Malabar, Surinam, Seychelle 
Islands, Hawaiian Islands, Madagascar, Britbh Guiana, etc.—the chemical action 
seems to proceed further than in temperate zones. The silicates are more thoroughly 
decomposed, and lateritic earth, and gibbsite are produced. Laterite appears to 
bo a variable mixture of ferric and aluminium hyroxides with free silica.^^’ 
E. K. Schmid, and H. Herold consider kaolinite to be the end-product of the change, 
and the former designates the intermediate products as a, j8, y, and S-kaolins: thus 
he said that a-kaolin is ALjO 3 . 2 SiO 2 . 2 H 2 O; ^-kaolin, Al 2 O 3 . 2 SiO 2 .UH 2 O ; y-kaolin, 
Al 2 O 3 . 2 SiO 2 .H 2 O; and S-kaoIin, Al 2 O 3 . 3 SiO 2 . 2 H 2 O. H. Rosier, however, con¬ 
siders that E, E. Scljmid was worlcing with mixtures, and not with chemical 
individuals. J. M. van Bemmelen determined the ratio ALOs: Si 02 dksolved 
when clays are treated with acid.<i,'and from the results inferred that clays produced 
by ordinary weathering are probably hydrogeb with the ratio 1 : S-.b ; those formed 
by kaolinitic weathering, have the ratio 1 : 1 - 2 ; and in lateritic weathering free 
gibbsite is formed as indicated by R, Lenz. M. Bauer obtained similar results. 
As shown below, it is doubtful if the solubiUty test b of much value. 

The transformatiou of felspar into kaolin or china clay is usually symbolized : 
K., 0 .Al 203 . 6 Si 02 -i 2 H 20 -f G 02 --Al 203 . 28 i 02 . 2 H 20 -f 4 Si 02 -|-K 2 C 03 ; after repre¬ 
senting the action by an equation eq. to K 20 .Al 208 . 68 i 02 -fmH 20 =Al 203 . 2 Si 02 . 2 H 20 
-t-K 2 Si 03 f 38 i 02 .nH 20 , G. Forchhammer said; “ It is highly probable that the 
second product of the decomposition, water-glass, will be found somewhere in 
nature,” and ho succeeded in establbhing the existence of thb salt in the water of 
the geysers in Iceland. The bases and soluble silicic acid derived from the decom¬ 
position of febpathic rocks are paHially rtftained by the soil and partially washed 
into the sea. The formation of gibbsite or laterite has been symbolized in an 
analogous manner. The formation of seridtic mica, K 2 O. 3 AI 2 Os. 6 SiO 2 . 2 H 2 O, a 
common intermediate product of the conversion of felspar into kaolin, is symbolized : 
3(K20,Al20s.68i02)+2H20-f-2C02 = K20.3Al203.6Si02.2Hj0+128i02 -h 2 K 2 COS. 
W. W. Hutchings,^* for instance, inferred that the sericitic mica in some fireclays 
was produced from the decomposition of the febpar. The experiments of 
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A. B. Tucker ou the action of carbonated water on felspar resulted in the formation 
of white scaly crystals. Magnesium and iron salts hiay also take jiart in t he degra¬ 
dation of felspar forming biotitc, epidote, etc. 

The clay may be leached by natural streams of water from the jilace where it 
was formed, transported from the hills, and deposited at lower levels where the 
velocity of the stream slackens down. All kinds of dfkis from the rocks and soils, 
etc., over which the clays are carried may bo transported along with the clay. 
Hence, many clays are the washings and sweepings of the hills which Nature has 
accumulated as Her rubbish-heaps in convenient ]>laces. Transported clays are 
usually, but not always, less pure than the residual clays. The term clay is applied 
industrially to a fine-grained mixture of various minerals which has Ihese (pialitics : 
(i) It is plastic enough to be moulded when it is wet; (i) It retains its 8 ha |)0 when 
dried in spite of a certain amount of contraction; and (iii) when the mouhlcd 
mass is heated to a high enough temp, it sinters together, forming a hard coherent 
mass without losing its original contour. These, properties have given <’lays an 
important place—probably third or fourth—in the world’s industries, ('lays are 
used in the manufacture of building bricks, tiles, firebricks, crucibles, gas retorts, 
sanitary goods, pottery, etc. China clay is also e.xten.sively employed for filling 
paper, cotton, etc. It is used in making white paints, alum, ultramarine, wall- 
plasters, etc.; and it appears as an ingredient in some pharmaceutical i)repara- 
tions. The agriculturalist’s definition of clay is quite different from that cmjjloyed in 
ceramics, because he arbitrarily selects from.a mixture of grains of various sizes a 
particular fraction and calls it clay. Some of the definitions would ajiply eipially 
well to [udverulent coal, cocoa, and clay. 

The discovery of china clay in Europe is usually considered to date from the 
beginning of the eighteenth century when J. F. Biittgcr made porcelain in 
imitation of that brought to Europe from (fhina by Eastern traders. It is said 
that J. F. Bdttger had acquired a good knowledge of the properties of clays in 
making crucibles for his alchemical experiments; and that he wanted only a white 
burning clay to produce the desired result. With the coloured clays then available, 
he made red stoneware or a vitreous body known as Ilolbjcr's red yorerkiv. He 
is said to have accidentally discovered the white clay which he desired at Aiie near 
Schiieeberg. This white clay is now known as ])orcelain clay, china clay, or kmliv. 
The term “ kaolin ” is said to be a corruption of the Chinese huK high ; and liiu), 
hill, in allusion to the Kaoling Mt., North (’hina, whence much of the clay used by 
the Chinese for the manufacture of porcelain was obtained. .As a matter of fact, the 
white clays were known in Eurojie long before J. F. Biittger's time, and E. W. von 
Tschirnhausen, before J. F. Bdttger, made ex'perimeuts with the white clays, 
and catne very near to the discovery of porcelain. H. Peters, indeed, claimed that 
E. W. von Tschirnhausen actually made porcelain before J. F. Bdttger, but 
B, Zimmermann showed that H. Peters was probably mistaken, and that the first 
porcelain was made by .1. F. Bdttger in 17(t!), a year after the death of E. W. von 
Tschirnhausen. 

In early days, a white clay from the islands of Lemnos and Samos was known in 
Europe as Diana's earth, and terra siyilkUa, and used as a medicine. The beneficent 
virtues of this edible clay were extolled by Homer, and Herodotus. The Lewnian 
earth was mentioned by Theophrastus, and Dioscoridcs; and Pliny confused the 
terra sigillata, which he called sphrayis, with the Ijcmnian red earth used as a pig¬ 
ment. The edible clay occurred in the^LeiAniap hills, and the mine, so to speak, 
was in charge of the priests of Diana. They alone had the right of access to the 
mina. A supply of clay was extracted once a year as a solemn religious ceremony. 
The temple priests mixed the clay with the blood of goats, moulded it into pastils, 
and impressed the slabs with the sacred symbol of Diana. In the Middle Ages, 
the edible clay was obtained from other localities, and the tabloids were stamjied 
with various symbols and legends. The earth was used as a panacea against all 
lands of diseases. Copies of the different stamps which were employed in the 
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marketing of terra sigiUata will be found in D. C. G. Ludwig’s Tertw musei regii 
Dresdensis (Lipsiio, 1749). TKrough some confusion, the red Samian fottery of 
the Romans has been called tma sigiUata—e.g. F. Oswald and T. D. Davis, An 
Introduction to the Study of Terra SigiUala (New York, 1920); and many others. 
M. B. Valentini, J. J. Wagner, A. Bertold, J. T. Schenck, J. Montanus, J. G. Geil- 
fusius, L. F. Jacobi, D. Richter, and G. A. Volkmann wrote memoirs on the terra 
sigiUata. C. Gesner, J. R. Speilmann, A. Baume, and several others wrote mono¬ 
graphs about clays before the eighteenth century. *Clay was also in use by the 
Oliinese, about r)36 A.n., as a therapeutic agent; and edible clays have been 
discussed by K. G. Love, C. Schmidt, C. W. 0. Fuchs, C. Hebberlung, M. M. P. Muir, 
etc, 

B. Palissy (*xperiufented with terra suiillata for pottery purposes before 
J. F. Bottger’s work, but there is no evidence that he made porcelain. Had he 
been looking for porcelain, however, he would probably have found it because it 
is scarcely conceivable that some of his trial mixtures were not adapted for the work; 
but tlu?y were probably rejected as over-fired. In the ofKcial deed providing for 
tlm manufacture of porcelain at Meissen, reproduced by E. Zimmermann, it is 
8 |)(*cified that the ware is to be made von sogenannter Terra Supllata. The discovery 
of a white clay at Allengon, France, in 1758, enabled J, E. Guettard, and B. Laura- 
guais to make porcelain; and the subsequent discovery of a deposit of this clay 
at St. Yriex, Limoges, by M. H. Vilaris, in 1760-68, led to the manufacture of 
porcelain at Sevres and elsewhere. .Likewise also the discovery of china clay 
in Coniwall, by W. Gookworthy, enabled him in 1768 to apply for a patent for the 
manufacture of porcelain, and this resulted in factories being started at Plymouth 
and Bristol. The manufacture of hard porcelain, for some reason or other, has 
never flourished in England. 

The term from 0uKos, a <‘lod of earth- -is applied to a number of elay-like earths 
used medicinally. Tlic more common varietioH occur in yellowish-brown masaes, wilh 
a grojisy fool, and cnirnble to powder wlion placed in water. 'I’ite cornposif ion of boles from 
different localitiea is very variable; the silica, for example, may ran^e from 20 uri per 
cent. (’. F. Jlaminoisberg gave a number of unalyBOS. 'fhe red earth of bemnos was i)ro- 
hably a bole. It is alluded to by Tlieophroatiw, Dioworides, and Jdmy. 1). L. G Kai-sten 
calleil a variety uphrayid, and E. 1*'. Glocker, HphmjiiiiU'. 'Die oropiun of E. l'\ (iloeker ia 
a dark brown or black hole, and the liergudfe of A. G. Wonier from Olkiitsch, Poland. The 
colour is <Iuo to the pi'os(!iice of some bituininoua mattors. Oropion wa.s analyzed by 
(5. F. Hucholz. A. Hieithaiipt’s ochmn is a yellow bole from Orawitza of 2 

It was analyzed by G. AI. Kersten, K. Lciwenstein measured the vap. pre.ss. of a number 
of boles, TJie roil <'lay referred to by Thoophm.stuH us (rwo^fit^y by JMiny as Hinopsi/t, 
by M. H. Klaprotli as Himpm'hf. Kr<h\ and by J. E. L. Hausmanri as mwpitv, is a bole. 
A lioney-yellow clay from Amberg, Bavaria, etc., was called by E. F. Glocker meUnitt. — 
Irom honey; and a variety frtjm Vierzon, France, was called inrrzoniic. It appears to 
bo the ihlherde referred to by G. A. S. Hofmann. Melinite was analyzed by 0. H. Kiihn ; 
and analyses of boltnj wero reported by G. C. von Leonhard, H. W. F. Wivckenroder, 
E. Zellner, etc. P. Dwojtsclienko obtained a mineral resembling kaolinito from Alusclita, 
Kriin, and it was called almchlik. 

TJie old German term *Vtf)imaarA: -from Mark, marrow—was applie<I by G. Agricola *® 
to a firm compact clay occurring in fissures in rocks, was likened to marrow in bones. 
The sumo kind of clay was called lititomarge—from stone; and warga, marl—and 
A. Hreithaupt called it IUl^ocolla—from klSost stone; and Kokka, glue or cement. 
J. 0. Wallorius callwl it hucoargilla, as well as tmrga porcellana; and A. Cronstedt, terra 
porccUana. The general properties of these varieties of clay resemble those of compact, 
more or less indurated, kaolinite. J. F. L. Hausraonn called the hard compact china 
elay f^'leinmark, and the friable clay porcejfiin earth. The older mineralogists seem to have 
regarded this variety of clay as a magnesian eafth or an earth allied to talc. A. G. Werner, 
for instance, said it was a Talkerde composed of scaly particles. C. A. S. Hofmann, and 
1). L. G, Karsten also ('ailed it earthy talc; and R. J. Haiiy, talc gramkux. A green litlio- 
tnarge from Oravicza, coloured with ferrous oxide, was called by A. Rreitliaupt ** oraviezite 
A little zinc oxide is sometimes present. The sp. gr. may rise to about 31. C. M. Kersten, 
H. Naschold, M. H. Klaproth, and A. Froiizel analyzed a wliite or reddish-white variety 
from Kochlitz, Saxony, called by J. (’. Freiesleben Falketeimnark; it had a sp. gr. 2’488- 
2'605; A. Breithaupt called it myelin —from nv(k6s, marrow—and a jlcek-red variety 
witli a sp. gr. 2 543 was called C(imo<—from cami*, flesh. Analyses show tliat these 
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substances are varieties of clay associated with more or less iron oxides, in place of alumina. 
A lavender-blue, grey, or dark red earth was called fey A. Breithaupt ‘‘ Eiemtleinmark 
It appears to be the old sacheUche Wanderenle. of D. Hiohter, and J. E. de Schiitz; it was 
called ienUolitc—from repat, wonder—by E. F. Glocker. It was analyzed by J, C. Freies- 
leben, who found that about 12 per cent, of alumina was reptace<l by ferric oxide. A. Knop, 
and A. Frenzel described the clay, and H. Fischer, the crystalline structure. 

W. A. Ross •• described a yellowish-white mineral obtained from Simla, India, which 
appeared like meerschaum, and had an earthy or conchoidal fracture. Ho calleil it 
timrschatuminite; and A. Schrauf, simlaite.. Its sp. gr. is l '5-2 0. N. S. Moskelyne and 
W. Flight analyzed it and fojmd the composition: 2 AL 03 . 3 Si 0 ,. 4 H, 0 -i-H,Si 0 ,. The 
white or grey clay from the diaspora rocks at Dilln,Hungary, was called diUnile by A. Hiitzel- 
mann.” It has an earthy or conchoidal fracture ; its sp. gr. is 2-674-2-835. Analyses 
by A. Hutzelmann, and J. h. Smith agree with 4AljOj.3SiO,.9H/). W. Haidinger thought 
it to be a mixture of diaspora and clay. M. H. Klaproth’s Bildstetn is raganhxi as a mixture 
of dillnite and aluminium hydroxide. G. Ulrich described silver-white, or gn*enish 
talemite os a mineral resembling talc occurring in the selwyuite of Heathcote, Victoria. 
Its sp. gr. is 2‘40-2'50, and the hardness over I. Its composition appruxmiates 
AI 2 O 8 . 2 SiO 3 .IH 2 O. P. Termier described venmculitic aggregates of a related mmeral 
which ho obtained from St. Etienne, France, etc., and called krvmettie- vule infra. 

F. Rammelsbcrg ” described a straw-yellow clay from Schlackenwald, Bohemia, which 
ho called cwpolite. The composition approximated 2Al,Oj.3SiO,.3H.jO, with some 
alumina replaced by ferric and manganese oxides. The sp. gr. was 2'03.5. T. Thomson 
uescribed a brownish-red earth from Antrim, Ireland, which ho callisl flMitic. Its 
com|ioKition approximated 2 Al 2 O 8 . 3 SiO 8 . 6 H 2 O, with up to half the alumina replaced by 
ferric oxide. M. F. Heddle analyzed a sample from Skye. A soft rose-red earth from the 
same locality was called by T. Thomson rhotlaliie. 

A very large number of analyses of china clay have been iiublishetl,® and 
analyses are made every day. From the very way in which clays have been formed 
in nature it might be anticipated that they arc particularly liable to be contaminated 
with impurities. Even supposing the clay in china-clay rock to bo fairly pure, its 
subsequent transport by currents of water may be attended by the. introduction 
of deMs carried by other streams. Thus, there arc arenaceous clays, calcareous 
clays, nncaecoii.H clays, ferruginous clays, fclspathic clays, etc. The analyses in 
Table XVU will give an idea of the composition of some clays used in the mamifac- 

TADUK .KVII.—THK (.'II.MI'OSITION OF SoMB Cl-AYM, 
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ture of firebricks. The rcfractoriucss refers to the squatting temp. A. Brongniart 
and J. Malaguti gave 2 Ai 2 O 3 . 38 iO 2 . 4 H 2 O for the best representative value of the 
composition of the ideal clay base; L. Bley, 2 Al 2 O 3 . 3 SiO 2 . 3 H 2 O; J. N. von 
Fuchs, 4 Al 203 . 98 i 02 . 12 H 20 ; R. FrtSenius, Al 2 O 3 . 3 SiO 2 . 2 H 2 O; and G. Forch- 
hammer, Al 2 O 3 . 2 SiO 2 . 2 H 2 O. The last result is the generally accepted formula. It 
is in close agreement with the analysis of the purer types of china clay, and with 
analyses of crystalline kaoiinite. Assuming that this hydrate occurs in all true 
clays, and is the cause of their plasticity, A. Brongniart and J. Malaguti called it 
k veritahk argik; and F. Senft called it Thonsubstam or clay substance, a term much 
in use for the clayite or kaoiinite in clays. The method of estimating the amount 
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of clay substance in clays by finding the amount soluble in hot cone, sulphuric acid 
was shown by J. W. Mellor to be4allacious. H. le Chatelier assumed that halloysite 
is the clay-base in some clays, montmorillonite in others j and J. W. Gregory, and 
1). P. McDonald assumed a halloysitic base in Glenboig clay. 

Attempts have been made to find the constitution of china clay by observations 
on the effects of acids, alkalies, and heat. S. J. Thugutt stated that one-third 
of the alumina is more rapidly dissolved by hot sulphuric aefid than the other two- 
thirds. .J. H. Collins said that half the alumina is dijsolved relatively quickly by 
hot sulphuric acid, and the other half slowly. The retardation of the reaction is 
partly due to the formation of a protective layer of silica over the unattacked cores 
of the granules. There is nothing to show that the rate of decomposition and disso¬ 
lution differ from those of other heterogeneous reactions. According to A. Brong- 
niart and J. Malaguti, and C. F. Rammelsberg, aq. soln. of potassium hydroxide 
extract a quarter of the silica from kaolinite. The kaolinite was probably impure 
because P. Berthier showed that caustic alkalies scarcely attack the fired or unfired 
clay. The action is really determined by the cone, of the soln. and the temp, since 
J. Lemberg showed that by digesting china clay with aq. soln. of alkali 
silicates, hydroxides, or carbonates, natrolite, K 2 O.Al 2 O 3 . 3 SiO 2 . 3 H 2 O, is formed. 
Theactioni8repre8cnted,3(AI.203.2Si02.2H20)+6KOH-»2(K20.Al20j.38i02.3H20) 
-f 3 H 2 O )-K 20 .Al 203 . This led R. Brauns to assume that the molcule of kaolinite 
should be symbolized 2 (Al 203 .Si 02 . 3 H 20 )Al 203 . 3 Si 02 . H the argument were 
valid, the action of chlorine on potassium hydroxide; 3 Cl 2 't- 6 K 0 H-> 5 KCl-|-KC 103 
-| 3 H 2 O, might be cited as evidence for a more complex formula for potassium 
hydroxide. However, the original experiment, if modified a little, gives quite a 
different result. There is no worthy evidence that the aluminium atoms of kaolinite 
have different characteristics; a similar remark apfdies to the silicon atoms. 
W. Vernadsky assumed that the water in kaolinite is held half by the alumina and 
half by the silica ; only that held by the alumina is driven off at low redness leaving 
a partially dehydrated molecule which is readily decomposed by hydrochloric acid - 
vide infra. As a matter of fact, no reliable evidence justifying this conclusion is 
available. All the water can be driven from kaolinite below redness. The action 
is slow at low temp., more rapid at high temp. It will be shown later on that there 
is no evidence of two breaks in the dehydration curve, and both the molecules of 
contained water behave similarly. 

Until suitable evidence is forthcoming, undue emphasis should not be placed on 
constitutional formula) inhioh assume dissymmetrical atoms like R. Brauns’ formula, 
H 2 (A 10 H 1281207 ; or the metasilicate formula, H 0 .Al(HSi 03 ).Si 03 .Al( 0 H) 2 . 
P. Groth’s formula is jAl(H 0 ) 2 !. 2 Bi< 20 f„ or {Si 0 . 0 ,Al( 0 H) 2 l 20 ; R. Scharizer’s 
OjSifOHj.j.O.Al: 0}2 or 0(A1.-Si 04 = 112 ) 2 ; R- ''O'* Haushofer’s, W. Pukall’s, 
and F. Hundeshagen’s 0 (H 0 .Si== 02 =-=Al.()H) 2 ; and C. Simmonds’s (HO.O) 2 Si: 
Si( 0 . 0 .A 10 H) 2 . H. C, McNeil, K. D. Glinka, Y. V. Samoilotf, W. and D. Asch, 
and W. Vernadsky have also recommended formula) for kaolinite. F. W. Clarke 
emphasized the relation between kaolinite and muscovite, and between kaolinite 
and felspar by means of the graphic formula: 

(-Si,0,3U 
BijO,=Al 

Muscovite. Kaolinite. / Felspar. 

• « 

With these and other possibilities, the choice is largely a matter of temperament; 
bat if there be any weight in (i) the continuity in the rates of dissolution of kaolinite 
by acids and alkalies; and (ii) the continuity in the rate of decomposition at different 
temp., the aluminium and hydroxyl groups are symmetrically placed in the 
molecule, and P. Qroth’s formula is preferable. This may be written as a dildnniino- 
dlMlioio aoidt the so-called kaolinic acid: 


m 

Al^SiOaSHlAHOHj}, 

^Si.O,s!AI(()H)2), 

Kaolinite. 


/SiO,=KHj ,OH 
Al(;Si04=:Al AI^SiOjisHa Al 

KiO,=Al \i04=Al 
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(HO),=Al-O.SiO^,. 

(HO)a=Al-O.SiO>^'’ 


.O.SiO 


in harmony with F. Ullferti’s idea tliat kaolinite is derived from an liyjiotlictical 
anhydrid der Tonerdenwmkieiiekdure, Al(OH).O.SiO.O . , by analogy with 
chromomonoxalic acid. B, Kosmann regarded kaolinite as one member of a 
family of alumimum sjlicates which he represented Al^Os.SiOa; Al 203 .Sio 04 ; and 
AljOs.SisOg, in which part of the silica may be hydrated. In the case of kaolinite 
he wrote Al 20 .Si 204 ( 0 H) 4 . 

B. Schwarz and A. Brenner studied the action of sodium silicate on soln. of 
aluminium chloride. The precipitates were filtered off, dried in a steam-oven, 
and washed successively with water, alcohol, and ether; The influence of cone, 
was such that the mol. ratio of silica to aluminium hydroxide diminished with 
increasing ^lution, but was always slightly in excess of the proportion, 1 ’ 5 ; 1 , 
thus showing that silica was invariably adsorbial by the primary product, 
2 Al 203 . 3 Si 02 , The proportion of silica in the precipitate increased with increasing 
conc.^ of sodium silicate, although the latter never entered quantitatively into the 
reaction; when 6-10 mol. proportions of silicic acid were jiresent, a compound 
corresponding in composition with natural kaolinite. Al 2 O 3 . 2 SiO 2 . 2 H 2 O, was in¬ 
variably produced. Normal aluminium mtltwlknle, AI.>(Si 03 ) 3 , appears 
incapable of existence. The primary product of the action is the compound, 
2 Al 2 O 3 . 3 SiO 2 .nH 2 O, which absorbs silicic i^cid when left in contact with the soln. 
and tends to pass into the compound, AI 2 O 3 2 Si 02 . 2 H 20 . If the jireeipitate is 
heated in contact with the soln., the substance AI 2 O 3 2 Si 62 . 2 H 20 (after desiccation 
at 110°) is obtained. X-radiograms of the jiroducts show that the primary com¬ 
pound, 2 Al 2 O 3 . 3 SiO 2 . 6 H 2 O, is amorphous, and that from it there is formed in imurse 
of time a crystalline material, Al 203 . 2 Si 02 2 H 2 O, which is similar or closely related 
to natural kaolin in structure. The natural product loses its two imdar projiortions 
of water continuously above 360°, and becomes anhydrous at 640°. The artificial 
material loses one molar projiortion below 260“, and the second projiortion between 
3()0° and 640°. It appears that in the neutral ternary system, Al 203 -Si 02 -n 20 , a 
single compound, Al 2 O 3 . 2 SiO 2 .MH 2 O, is capable of formation, and it is uninlliienccd 
by the presence of an excess of silica, or by the, period of the reaction; tins com¬ 
pound is formed with particular readiness wlmn at least six mols of silica are present 
for each mol of aluminium oxide. 

The hydrated aluminium silicates resembling kaolinite behave very like acids 
in many reactions, for, as P. A. Schemjatschensky snowed, the hydrogen is 
partly or wholly replaceable by a metal. Again, when fused with alkali carbonates, 
kaolinite displaces carbonic anhydride, and ])robably forms aliuninosilicates soluble 
in a large excess of water. Kaolinite gives off hydrogen sulphide when heated with 
many sulphides ; it displaces sulphuric anhydride from sulphates ; and A. (iorgeu 
showed that it reacts in a similar manner with chlorides, bromides, and iodides. 
Z. Weyberg found that by the prolonged fusion of a mixture of kaolinite, 
and potassium carbonate or chloride, the silicate K 20 .Al 203 . 2 Si 02 is formed; 
and with potassium dichromate at a low temp., K 20 .Al 203 . 2 Si 02 is produced, but 
at a high temp. K 2 O.AI 2 O 3 .SiO 2 is formed. Ho also found that when fused with 
barium or strontium chloride a product 4 R 0 . 4 Al 203 . 78 i 02 is formed. The work 
of J. Lemberg, H. P. Armsby, E. 0. Sullivan, etc., shows that the salts of alnmino- 
silicic acids resemble the salts of the ordinary acids in that the bases can be inter¬ 
changed in accord with the laws of mdhs actiofl—vide zeolites. 

If china clay, free from soluble salts, be boiled with distilled water and allowed 
to stand 24 hrs., extremely fine particles of solid remain in suspension, and pass 
through porous earthenware filters. It is not possible to separate this suspended 
matter by settling; but it can be sedimented by the addition of lime-water or 
sodium chloride. The addition of the salt causes the fine particles of clay to aggre¬ 
gate or flocculate into masses which settle rapidly. The finest particles are invisible 
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under « Mb objective. The suspended matter from ciina cky can also be isolated 
by evaporation; when a pale bi<Mn mass is produced; that from ball-clay is dark 
biwwu ^ Like glue, the mass shrinks enormously when dried, and furnishes a 
horny mass which adheres tenaciously to the tongue Ihe gluo-like mass was 
termed by T. Sclilocsing <2 an/ik colkndak, or coUmdal cky. When wetted, the 
colloidal clay swells enormously, furnishing a sticky plastic mass Only about 
0-50 per cent, was obtained from china clay. This amount probably represents 
a small fraction of the colloidal clay which is present. .The colloidal non-crystallmo 
particles of clay were termed ckyite by J. W. Mellor. S. Kasai found no colloidal 
matter in the cky from Zettlitz. J. Splichal, and 11. 0. Wallace and J. C. Maynard 
determined the colloidal matter in a number of clays; A. Vasel found 3 per cent, in 


Meissen cky. ‘ -i- 1 

The china clay or kaolin fornuid by the decomposition of aluminium silicate 
rocks is usually a mixture of amorphous granules of ckyite, and crystalline plates, 
termed by S. W. Johnson and J. M. Blake,« kaolinite. (1G. Ehrenberg, A. Knop, 
A. Safarik, W. Cross and W. F. Hillebrand, and R. C. Hills regarded the crystals 
as hexagonal or rhombic; and H. Reiisch, as triclinic; but A. B. Dick, and 
H. A. Miers proved that they belong to the monoclinio, system, and this was con¬ 
firmed by E. ifussak. Kaolinite occurs, in minute hexagonal plates. Fig. 101), 
with edges at 60“ and 120“. If. A. Miers, and A. B. Dick gave for the axial ratios 



Kio. 109.-t’ry.slnls of Knolinito lOo. 110.—VorinicuHtes or 

from Amlwch (Anglesey) .<50. Koiileau.x in t'lay. 


a : h : c - .0'5748 :1 : l'5i)97 ; and j 8 - 83° 11'. In Fig. 10!), 6(010), c(OOi), i«(110); 
and 6 : m -60“ 16'; c: m- 84° 16'. The thinnest plates are at most 0'0(XXX)2 mm. 
in thickness. « 

Well-formed crystals of kaolinite are not common; they arc regarded as a 
mineralogical curiosity. Rockets or veins have been found at Bilverton, Colorado ; 
I’orth-yr-hwch, near Amlwch, Wales; Bolton Abbey, Yorkshire; Oongloton Edge, 
Cheshire ; Newcastle-on-Tyne ; (Ikmorganshire ; Diendorf, Bavaria ; Ziesigwald, 
(Ihemnitz; Schlan, Bohemia ; Altenbeig, Saxony; Tuolomne, California; Mount 
Savage, Mainland ; Bradoii, Vermont; Richmond, Virginia ; Perth Amboy, New 
Jersey ; Reading, Chester; Tamaqua, and Pottsville, Pennsylvania; etc. The 
crystals may occur in aggregates of plates piled one above the other so that by 
screwing the cover-glass under slight press., it is possible to spread out the plates 
much as if a pack of cards were spread out fan-wise by pressing and screwing with 
the thumb at the other end. Curious vermicular— vermis, a worm—aggregates or 
rouleaux of plates. Pig. 1011, have bden found in many ckys.^'* A. B. Dick found 
that the chlorito-likc form of kaolinite has the Jame refractive index and behaviour 
when heated as kaolinite; and the optical character is negative like that of nacrite. 
The X>radiogranui have been examined by 6 . Shearer, and F. Rinne. The cleavage 
of kaolinite is perfect and parallel to the face c(OOl). Some of the krger grains 
—0 000.6 mm. in diameter—of china clay give with polarized light pale bluish-white 
gleams of light, but particles less than 0 0001 mm. do not show polarization effects. 
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The index of refraction of kaolinite is 1-663. very near to that of Canada balsam; 
A. B. Dick gave 1-66-1-67 ; W. T. Schaller and K. Bailey, and E. T. Wherry 
and G. V. Brown, and E. 8. Larsen gave a=l-6Cl, ^=1-565, and y=l -:>67. The 
double refraction is low, approximately 0-tX)8. Both the index of refraction and 
double refraction of kaolinite are very close to those of mica, so that the one mineral 
is frequently mistaken for the other, but, as A. Michel-L6vy and A. Lacroix pointed 
out, the refractive index and birefriugenco of kaolinite are less than those of mica 
or talc. A. Johnson gave 2E=1'563 for the optic axial angle. H. Zochcr found 
that suspensions of clay in water are birefringent. 

Varieties from different localities have received different names—nacrite, and 
pholerite. The term nacntc— from nacre, mother-of-pearl—was applied by 
A. Brongniart to a mineral which resembled lepidolite in.composition, but differed 
in its extreme unctuousness; later on A. Breithaupt employed the term for what 
appeared to be “ an earthy talc ” which occurred in snow-white or yellowish, 
six-sided jdates aggregated in fan-shaped or reniform masses of sp. gr. ‘2-63. The 
pearly lustre sometimes approaches that of adamantine. The plates are flexible 
and non-elastic, with a soft soapy feel. The pearly lustre appears to be due to 
strata of air included between the separate crystalline plates forming a eryslallino 
mass. The lustre can bo seen under the microscope by oblique, reflectod light. 
Analyses of the mineral correspond closely with those of kaolinite. According to 
F. Sandberger, the mineral can be decomposed by hydrochloric acid. The sp. gr., 
hardness, and refractive index also approach the values for kaolinite. According 
to A. B. Dick, the crystals of nacrite are optically negative, those of kaolinite 
positive. Summarizing these rc.sults: 

... . , Icrystalline . . . NarrUe 

Kaolimtio minoraw < ^ I optically positive. . haobmtf. 

I N’on-crystttllino or colloidal .... (Jhj/itc. 

A. Breithaupt also claimed that the mineral “ with white piiarl-like .scales; soft 
and friable to the touch ; with the property of sticking to the tongue when wetted ; 
and of forming a plastic mass with water ” which J. Guillemin called pholeiite 
- -from (j)iiXi<;, a scale—was identical with nacrite. A. Ledoux studied the |)holerito 
and nacrite from St. Vincent. I’holerite was formerly regarded as a distinct 
mineral sjiocies with analyses in agreement with 2A1..0j.3Si02.1ir2() ; and, aecoal- 
ingly, H. A. Wheeler assumed that the, jlint clays of Missouri an; variable mixtures of 
kaolinite and pholerite. Analyses by S. W. Johnson and J. M. Blake, with samples 
likely to be freest from impurities, correspond with those 6f kaolinite. On similar 
grounds, T. S. Hunt suggested that jiholerite is an impure variety of kaolinite. 
0. Koch called an inifiurc variety of kaolinite from Ancud, Island of Ohiloe, amdite. 
F. Wohler descril) 0 <l a similar jiroduct occurring at Schneckslein “in shining 
laminte which when magnified 200 times appeared as transparent rhondioidal 
plates. The mass had an earthy fracture, and became lustrous when rubbed. 
The sp. gr. was 2-6.” S. W. Johnson and J. M, Blake considered this substance to 
be kaolinite. The white claystone at Chemnitz was thought by A. Knop to bo 
pholerite; it consists of aggregates of scaly crystals. 

The “ clay ” of ordinary china clay is a mixture of particles of clayite and 
kaolinite ; and, with respect to the gr'ain-size ol the particles, J. Stark found 
that the particles of Zcttlitz china clay had a mean diameter of I'S/z, and those of 
a more plastic clay, 3 Gfi. The former clay contained 32 per cent, of coarser particles 
llfi--49p,, and the latter 21 per cent, rai^ng from 9/i to 4()/t. Both clays contained 
some very fine particles—suspensoids. There were approximately 6'6xl0® 
particles per gram of the Zettlitz clay, and Ih'SxlO* particles per gram of the 
plastic clay. A. B. Dick found the hardneis of kaolinite to be 2 0-2'6 on Moh’s 
scale; and the specific gravity 2 60-2'63. The reported values for the sp. gr. of china 
clay range from 2-2-2-6. The former number is too low—due probably to the 
presence of entangled air bubbles, and possibly to the presence of hydrogels. 
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The gp, gt. alters when the clay is calcined, the magnitude of the change depends 
on the temp, of calcination. 4 laurent found the sp. gr. increased from 2-47 
(dried at 100°) to a maximum 2'70 after calcination at rot^e somhe—perhaps 500 °; 
and then dropped to 2'64 at rovge n/—perhaps 800°; and finally to 2'48 at the 
temp, de essais de fer. The clay must have been rather impure, and fluxing must 
have occurred, because J. W. Mellor and A. D, Holdcroft found that the sp. gr. of 
chins clay and of alumina behave in quite the opposite way. For instance, the 
sp. gr. of alumina and china clay calcined at different temp, are: 

110 " 800° 700° 800° 900° 1200' 

China clay . . 2'61« 2-473 2-480 2 497 2-660 2 734 

Alumina ... — 2824 2828 3 394 3626 3-914 

G. H. Brown and E. T. Montgomery working up to 700° obtained analogous results 
with a number of different clays. The apparent volume of clay, corresponding with 
the contraction which occurs when clays are heated, was measured by .1. Burton, 

P. Braesco, R. Wallach, J. M. Knote, H. Hecht, R. Lucas, E. Berdel, etc. The 
results show that a slight contraction occurs up to about 300°; and an increase 
in the volume occurs between 4,'iO° and ,')00°, which attains a maximum between 
550°-b00°. Above this temp., contraction sets in. Thus, B. Berdel found with a 
4 hrs.’ heating of china clay slabs at the indicated temp., the percentage linear 
contraction— fire-shrinkage, or jke-conlradinn - and porosity are; 



970“ 

1150“ 

1170“ 

1190“ 

1280* 

1200“ 

Contraction . 

2i 

2 4 

31 

4-2 

8-2 

9C 

Porosity 

. 41 •« 

41-9 

421 

31-6 

26-3 

208 


The actual results vary with different clays; with different methods of making 
the slabs; with the rate of rise of temp.; and with the time of firing. The pyro¬ 
meter of J. Wedgwood in 1782 was based on the definite contraction of clay bits 
when heated to definite temp, under constant conditions. There have been several 
modifications in the method of measurement, but the fundamental principle is 
extensively employed to-day. 

Wo. Ostwald and F. Pickenbroek found that the viscosities of wet china clay, 
and ordinary clays differ in that the value for the latter increases rapidly to a 
maximum with age and mechanical working, but that of china clay increases slowly. 
The presence of 1 -0 per cept. of quartz in clay, after mechanical treatment, gave a 
higher viscosity than did the untreated clay. The optimum quartz content varies 
with the grain-size. It is inferred that in china clay suspensions, the viscosity is 
determined by the grain-size, and the hydration and swelling of the particles. 

The contraction which occurs when slabs made of wet clays are dried is called the 
dxying^blinkage or dryinp-contraclion B. A. Keen, and E. A. Fisher studied the 
drying of wet masses of clay which was conditioned by evaporation from the surface, 
and the movements of water in the cajiillary pores. J. Aron -*9 showed that there 
are three stages in the drying : (i) as the water evaporates from the wet clay the 
volume-shrinkage is equal to the volume of water lost. This means that the space 
vacated by the water is taken up by the clay. After a time (ii) air spaces begin to 
appear and the volume-shrinkage is then less than the volume of water, since the 
space vacated by the water is not all reoccupied by the clay. Finally, (iii) the volume- 
contraction virtually ceases although water is still being lost by the clay. The 
shrinkage of the clay is due to the work of capillary attraction by films of water 
surrounding the clay particles, Thes^ results were in the main confirmed by 
W. J. Jackson and E. M. Rich, and C. Bischof. The ceramic journals teem with 
observations on these various properties of clay. The tensile strength of slabs 
made with wet clay varies with the amount of moisture present, and on drying, 
W. Jackson and E. M. Rich found that the tensile strength slowly increases to a 
maximum of about 3 kgrms. per sq. cm. when about 20 per cent, of water is present. 
The clay is then “ white-hard,” or “ leather-hard.” The subsequent evaporation 
of the water lowers the tensile strength to a minimum value of about 1 '5 kgrms. per 
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sq. cm. with about 1-2 per cent, of water. The tensile strength then rapidly 
increases until the clay is quite dry and reaches p kgrms. per sq. cm. E. Orton 
found that the tensile strength of clay admixed with a given proportion of sand 
increases as the grain-size of the non-plastic material decreases. A. V. Blcininger 
gave for the tensile strength, the transverse modulus of rupture and the compressive 
strength in pounds per square inch: 


4 

Tennile 

strength. 

Transverse 

inofintus. 

Corapresslve 

strength. 

English ball clay * . 

. 210 

558 

1148 

English ciiina clay 

. 41 

98 

228 

American ball clay 

. 125 

380 

035 

Florida china clay 

. 10+ 

239 

539 

455 

Georgia china clay 

. 147 

325 

North Carolina china clay . 

. 09 

100 

349 


W. Schumacher “ gave for tho Specific heat of dried clay, 01781; 11. flatter, 
0-2231 if dried at 100°, and 0 3063 if air-dried; V. 0. Lang, 0-233; ami 11. Ulrich, 
0-2243 between 20° and 98°. J. M. Knote gave for raw clay between 22" and ir>0°, 
0-237 , for clay previously heated to 650°, 0 204 ; and for clay previously heated to 
1050°' 0-200. C. F. Howe and C, B. Harrington gave for bricks made, from clay 
0-196+005330 between 0° and 1100°; S. T. Wilson and co-workers, 
0-193+0-000060 between 0° and 1300°: and L. Bradshaw and W. Emery, 
0-193+0 0000750 between 0° and 1400°. Observations were also made by E. Hcyn 
and co-workcra, M. Kinoshita, A. Bigot, W. Steger. Y. Tadokoro, ,1. K. Moore, 
L Navias, etc. L. Navias found that the heat absorbed per gram per degree on 
heating air-dried clays from 25°-1200° is 0-50-0-65 cal. per gram per degree, 
whereas the heat evolved on cooling the final product is 0 23-0-29 per gram per 
degree The former includes the latent heat of evaporation of the water adsorbed 
by air-dried clays, the combined water, etc, The thennal conductivity of clay 
is small. A number of determinations have been made on bricks made from clays. 
The results therefore represent the comluctivity of the fired clay plus ])ore-spac,e,8. 
0 S Buckner found 0-00169-0-00251 in standard units, and S. Wologdine 0-0035 
at 10.50° to 0-(K)42 at 1300° for the coeff. for different fired fireclays. .1. W, (hd)b 
and co-workers gave for the thermal conductivity K at 0°, A-^O-OO155+O-O5250, 
The literature has been summarized by 1'. Gilard, and A. T. Green. Observations 
on commercial firebricks were made by H. A. Wheeler, G. H. Brown, A. S, Watts 
and 11. M, King, A. T. Green, K. A. Homing, J. W. Cobb and co-workers V. lado- 
koro E Hcyn and co-workers, P. Goerens and J. W. Gilles, B. Dudley, S. M. Mar¬ 
shall’ S Wologdine, J. D, Pennock, M. Simonis, F. Tschaplowitz, P. Rosin, and 
J k’ ciement and W. L. Egy. The porosity of the sample tested is an important 
factor As predicted in 1914 by J. W. Mellor, A. T, Green found that while a high 
porosity is unfavourable to thermal conductivity below red heat, there is an 
inversion near 1100°, so that at higher temp, a high porosity enhances the thermal 
conductivity. The coeff. of thermal expansion of bricks made roin clays have 
been measured, and the results have been summarized by J. W. Mel or. H. Kohl 
gave O-OsdW for the mean bnear coeff. at 1150°; 0-0j520 at 1250 of a china clay, 
Ld for a plastic clay, 0-0^729 at 1000° to 0-041079 at 12.50°. ^calculating the 
results of H. J. Hodsman and J. W. Cobb for the coefficient of thermal expansion 
of chins clay at different temp. 


Coeff. expansion 


US’ \ 450* 700* »W 

. 0-0,511 0-0,406 0-0,477 00,460 


In one case there is an increase with rwc of temp, and in the other a decrease. The 
results must be greatly influenced by the presence of quartz. G. Tainmann and 
H. Diekmann found that when dry clay is warmed to 48 , superimposed mercury 
begiM to p^^ throughe 
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clay. H. A. Seger showed that the curve lor the softenmg temp, of mixtures of 
' ' ' the U-for/n with a minimum at about 1650°, and a ratio 

Al20s:8i02 = I:16; L. 
Bradshaw and W. Emery 
confirmed these results. The 


clay and quarts 

X 1/,7/if) 
\ji!(/,67if}. 

V) ^ ' 

28 (/0). 

^ I 

$ I!//<»"> 

^ ^/7 (/I'tBif) 
/S(l,1jf) 



results with mixtures of com¬ 
mercial firec/ayand silica are 
shown in Fig. Ill. See 
'also aluminium silicates, 
Fig. 108. The effect is 
greater with fine-grained 
than it is with coarse-grained 
silica. J. W. Mellor and 
B. J. Moore found that the 


SO SO /OO effect of load is to depress 
the softening temp, in accord 


20 so -to SO 60 

For cent, silica/odtenal _ _ 

Fill. 111.—The Fffoct of Silica on the Softening Tempera- with the expression . Squat- 
ture of Fireclay. ' ting temp.=35e~“'**‘^®, 

where w represents the load 
in lbs. per sq. in. for loads up to 112 lbs. per sq. in., when the softening temp, 
arc expressed in terms of Soger’s cones. This corresponds with a depression of 
one cone per 5J lbs. per sq. in. press. With mixtures of silica, the difference between 
the softtftiing temp, is less marked the'liigher the proportion of silica. This result 
was confirmed by L. Bradshaw and W. Emery. L. Bertrand studied the effect of 
the proportion of alumina in natural clays on the softening temp. H. Hirsch and 
M. Pulfrich examined the behaviour of a large number of clays when heated under 
load. E. L. Dupny found the resistance to crushing on a ri.sing temp, at first 
decreased, then rapidly increased to a maximum at about 1000°, being then some¬ 
times double or triple the value at atm. temp., at still higher temp., the strength 
rapidly diminished until fusion was conqilete. A fclspathic china clay exhibited 
two maxima, the second being near 1400°. Many other observations have been 
reported.f’l 

The action of heat, etc., on various mixtures of clay and silica or quartz has been 
discu.Hsed by M. Simonis,!’- E. Berdel, F. Kraze, K. Bueas, 8. L. Galiiin, etc. An 
indefinitely large number of observations have been rejiorted in the ceramic 



Fm. I12.-T'he Effect of Fio. 113.—The Effect of Fio. 114.—The Effect of For- 
Alkaline Earths. BqrylWa and Magnesia, rons and Manganous Oxides. 


journals. The effect of heat on mixtures of clay with felspar, and mica is discussed 
in connection with these minerals. The effect of lithium oxides on the fusibility, 
etc., of clay was investigated by R. Rieke; of potassium and sodium oxides, by 
R. Rieke, and G. Flach ; of cakium oxide, by G. Flach, and R. Rieke, Fig. 112 
vide infra, cements; of stronlia, and of baryta, by G. Flach, and R. Rieke—Fig. 112 ; 
of beryUia, by R. Rieke—Fig. 113 ; of magnesia, by H. Mackler, A. F. Hottinger, 
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L. E, Barringer, G. Flach, and R. Rieke-Fig. 113 ; of tro» oxide, by R. Riekc, 
and J. W, Mellor—Fig. 114 ; of manganese oxide, by R, Rieke-’-Fig. 114; of 
chromic oxide, by K. Dornhecker, and S. Sandlund ; of urauinm oxide, by 0 . Kal- 
launer and J. Hruda; and of zkconia, by R. Rieke. The effect of titanic oxide 
on the fusibility of clay was shown by H. A. Seger and E. Cramer to be greater 
than is the case with silica. The subject was investigated by H. Kies, C. Bryce, 
and R. Rieke. The latter showed the fusibility with the following percentage 
amounts of titanic oxide waif: 

TiO, .0 10 20 30 50 70 80 90 100 

Temp. . 1770° 1670° 1580° 1530° 1525° 1530° 1565° 1580" 1610° 

G. Tammann studied the effect of alkaline earths on claj. E. Richter examined 
the influence of different fluxes on the fusibility of day, and concluded with what 
has been called Richter’s law; Chemtcally equivalent quantities oj tnagnesia, lime, 
ferrous oxide, soda, and potash exert the same iujluence in lowning IhcfusibUtty of a 
clay. The subject was discussed by C. Bischof, and it was found that at high temp, 
silica itself acts as a flux with clay, and should not be present in excess; the 
presence of an excess of silica also intensifies the effect of other fluxes. E. Cramer 
also found that the fluxes do not act according to E. Richter’s law in the presence 
of free silica. T. Ludwig inferred that E. Richter’s rule is a special case of the law 
of dil. soln.: Equimolar quantities of different substances dissolved in equal amounts 
of the same solvents, lower the m.p. to the sama extent. K. Rieke tested the mle with 
additions of baryta, beryllia, magnesia, ferrous oxide, and manganous Oxide to 
a mol of china clay, Al 2 O 3 . 2 SiO 2 . 2 H 2 O, with a softening temp, of about 171)0". 
Using 0’25 mol of the base, the corresponding softening temp, were; 

IJ,0 Na,0 K,0 CilO SrO B«0 BiiO MgO I'eO MnO 

1380° 1520° 1530° 1090° 1720° 1730° 1660° 1700° 1600° 1670“ 

With 0'25 mol Ti 02 and 0 25 mol Zr 02 the softening temp, were respectively 1700° 
and 1690°. The results with still higher proportions of lime, strontia, and baryta 
showed that the oxide with the lowest mol. wt. lowered the m.p. most. Similarly 
with the alkali family. 'The effect with beryllia is less than with magnesia ; and 
with ferrous oxide less than with manganous oxide. The atm. of the furnace was 
strongly reducing, and it was assumed that the last two oxides were in the lower 
state of oxidation. The general results show that the alleged law is inapplicable 
and the analogy with dil. soln. is invalid. A. S. Watts also made some observations 
on this subject. 

Several observers—J. Burton, ^3 j’. Cldrke, H. C. McNeil, J. M. Kuotc, 

H. E. Ashley, etc.— have attempted to find a debydiation tempeiatuie. E. Love- 
joy said the dehydration temp, is near 630°; A. E. Brown gave 565°, and 
W. M. Kennedy, 475°, while A. B. Dick observed no loss of water with crystals of 
kaolinite at 276° or at 400°, and W. H. Hillcbrand none at 330°. W. Vernadsky, 
and F. Hundeshagen affirmed that dehydration takes place in two stages: one half 
the water is said to be evolved at one temp, and the other half at a higher temp. 
Hence, J. M. van Bemmclen, and S. J. Tbugutt inferred that one half the water is 
Si-hydxoxyl, and the other half Al-hydroxyl, and they wrote the formula 
H 2 Al 2 Si 20 g.H 20 . E. Lowcnstcin considered that 0'6 mol is driven off at the lower 
temp, and 1'5 mol at the higher temp., and he wrote the formula 2 Al 203 . 4 Si 02 . 
3 H 20 - 1 -Aq. There is, however, no satisfacMwy jvidence of the evolution of water 
in two stages. J. W. Mellor and A. D. ifoldcroft found that above 3(X)°, the evolu¬ 
tion of water is a continuous process, and that the rate which the water is expelled 
rises with the temp. Thus, the percentage losses were: 
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The 13-14 per cent, of comjjined water is rapidly given ofi as the temp, rises 
heyond 500° under ordinary atm. press., although most is given off below this 
temp, under reduced press. It requires a high temp, to expel the last traces of 
water. The decomposition of the mineral which is attended by the evolution of 
water is an endothermal reaction and produces a terrace in the heating curve. 
D. Tsehernobeeff, and J. W. Mcllor and A. D. Holdcroft’s rough estimates of the 
heat of dehydration range from 11-28 Cals, per mol, and D. Tschernob4e£l’s estimate 
of the heatol loimation of kaolinite is (Al 203 , 2 Si 02 ', 2 H 20 )= 43'8 Cals., but these 
data are of little value. E. Lowenstein measured the vapour pressure of a number 
of clays at ordinary temp., and J. W. Mellor and co-workers found that with a 
partial press, of water-vap., p mm., when confined over sulphuric acid, the loss in 
weight for crystals of kaolinite, china clay, ball clay, and halloysitc was at 25°: 


p 

. 180 

13-5 

8-8 

4'3 

1-8 

0-6 

0*0 mm. 

Kaoiinito . 

0 00 

0-08 

0)2 

0T8 

0-24 

0-38 

0-40 

China clay . 

001 

0-00 

013 

«-l(l 

023 

0-30 

0*60 

Ball clay 

008 

0-24 

103 

2-31 

2-44 

3'29 

3 54 

HalloyHito . 

000 

0-44 

1'87 

l'«0 

3-20 

3'62 

403 

The water is 

restored when the clay is 

exposed to a moist atm. 

L. Navias measured 


the velocity at which clays give oil their combined water, and he suggested that the 
evolution of water is rapid at 745°, and the speed falls in a decisive manner, while 
the tei^. rises 2()0°-300° more. Only clays containing organic matter develop an 
appreciable press, between 900° and 12(X)° in air. V. Agafonofi and W. Vernadsky 
raised the objection that the product obtained by dehydrating clay below ,550° is 
homogeneous, because it cannot be separated into parts by separating liquids, and 
it appears homogeneous under the microscojie. Neither test is at all an adequate 
proof of the conclusion. W. T. Schaller and R. K. Bailey described hexagonal 
plates of a kaolinite from Oklahoma which, unlike ordinary kaolinite, intumesced 
strongly when heated, 

H. Ic Chatelier observed a retardation in the heating curve of crystalline kaolinite 
ending at 770°, and a slight acceleration at 1050°; he also found a marked retarda¬ 
tion with halloysite ending at 700°, and a sudden acceleration at 1000°. As a 
matter of fact, the actual temp, observed under these conditions depends on the 
rate of rise of temp., the physical state of the jiowdercd material, etc;. It is also 
possible that the alleged halloysite was really colloidal clayite, since J. W. Mellor’s 
observations show nc* marked retardation with halloysite at the above temp. 
J. W. Mcllor and A. D. Holdcroft found that china clay and crystalline kaolinite 
give a terrace in the heating curves just over 500°, and a hump in the curves between 
800° and 1000°; china clay, like the colloidal aluminosilicates gives a terrace at 
about 150°, indicating that it contains clayite as well as crystals of kaolinite (shown 
by the microscope). The hydrogels of silica and alumina also give a terrace just 
over 100°, and alumina gives a hump at 800°-1000°. The curves are illustrated in 
Figs. 119, 120, and 122. Endothermal reactions are represented by terraces; 
exothermal reactions by humps. There is a remarkable likeness in the 800°-1000° 
hump in the heating curves of the hydrated aluminium silicates in conformity with 
the suspicion that all are due to one cause—the polymerization of alumina. It is 
inferred from the chemical and physical properties of dehydrated kaolinite or 
clayite that it is decomposed into free silica and free alumina above 500°, and the 
uniformity in the hump between 800* and 1000° with all these minerals corresponds 
with the inference that a mixture of silica and alumina is involved. Confirmatory 
results were obtained by R. Rieke, G. Keppeler, R. Wohlin, C. E. Moore, 
H. S. Houldsworth and J. W. Cobb, R. Wallace, A. M. Sokoloii, G. Tammann and 
W. Pape, A. Zollner, J. V. Samoilofi, and 8. Satoh. At higher temp., in the vicinity 
of 1200°, cristobalito, and sillimanite crystals are formed—presumably by the re¬ 
combination of silica and alumina. If the clay breaks down into water and a 
disilicate, Al 202 . 2 Si 02 , it is necessary to assume that this compound has properties 
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parallel with those of alumina, and that it breaks down at higher temp, into 
sillimanite (fibriolite) and silica (cristobalite). W. Vernadsky calls this residue 
leverrierite, and invests it with all the properties required to explain the assumption 
that the final product of the reaction are Al 203 . 2 Si 0 i,+ 2 H 20 . 0. Hebuiiat 
supports this hypothesis. The above-mentioned observations on the vap. press., 
coupled with the low temperature dehydration of clays in vacuo, probably mean 
that the clay loses its Water before breaking down into free silica, and alumina 
(possibly sillimanite). J. Matejka went further than G. Tammaiin and assumed 
that several aluminium silicates are formed; he also used the break on the heating 
curve as a means of detecting kaolinite in soils. A. V. Henry found the electrical 
resistance, R ohms per c.c., of china clay-—imie infra, ppttery—with a f.h-volt, 
1000 -cycle alternating current, to be 

300’ 600’ 700“ HOO" UOO" 1300" IW 

R . . ■ 133x10' 269X10’ 302x10’ 7440 2350 1000 081 

Clays in suspension in water are rapidly Hocciilatcd and made to settle by 
carbon dioxide, hydrochloric acid, many ammonium salts, the sulphates and 
chlorides of the alkalies and alkaline earths, ferrous and ferric sulphates, zinc 
chloride, etc. On the contrary, humic matters, sodium carbonate, water-glass, 
sodium and potassium phosphate, borax, potassium or ammonium o.valate, etc., 
have the converse effect, for they deflocculate clays and retard their settling. 
This subject has been discussed by W. Durham,^ and many others. The obser¬ 
vations of J. Murray and E. Irvine show that the clay matters carried by 
rivers to the sea are quickly deposited on reaching salt water, and only a small 
fraction is carried to deep waters. 0. M. Smith found that salts containing 
bivalent ions aided the flocculation of clay suspensions by alum, but that it was 
hindered by sodium hydroxide or carbonate. N. M. Comber showed that clay 
suspensions were flocculated most readily in an alkaline medium, but that the 
degree of alkalinity above that of 0’005A-NH40H had no effect; he also deter¬ 
mined the relative flocculating powers of different electrolytes by observing the 
rate of settling of the coagulum formed by a decided excess of the electrolyte. 
Observations by 0. Arrhenius, E. F. Burton, etc., show that the addition of certain 
electrolytes in excess of the minimum required for flocculation yields a coagulum 
that settles much more slowly than that obtained when just enough is added to 
bring the colloid to its iso-electric point. J{. Jiradfield found that with an amount 
of potassium hydrophosphate just below that required to^cause flocculation, the 
addition of a larger amount of other electrolytes is required to cause coagula¬ 
tion than is the case with the untreated clay. Tue protective action may be due to 
an absorption of negative phosphate ions and hydroxyl ions by the negative clay 
particles, thus increasing the negative charge, and consequently also the amount 
of positive ions required to bring it to the iso-electric point. Tbe protective action 
may also be due to tbe higher cone, of the potassium hydrophosphate required for 
flocculation when used alone might be due to its weakly basic reaction, larger 
quantities being required to bring the colloid to its critical value than is the case 
with a strong base like potassium hydroxide. M. A. Kakuzin and A. N. Nesmejanoff 
found that mercuric chloride is not adsorbed by china clay. B. Bradficld measured 
the effect of the acidity of a soln. on the flocculation of clay in suspension, and 
found that hydrochloric, sulphuric, phosphoric, and acetic acids flocculate the 
clay at about the same H’-ion cone., but,a gfeatjr acidity is needed with citric acid. 
Floccidation involves a decrease in the electric charge; peptization an increase. 
The acidity or hydrogen ion cone, of clays was found by F. P. Hall to range from 
10~3 i to when results with clays containing appreciable quantities of 

soluble salts are rejected. The iso-electric point with clays corresponds with a 
hydrogen ion cone, of 10“^'^ to The maximum electric charge acquired 

in the presence of soluble salts represents maximum deflocculation; and the 
maximum rate of settling takes place at the iso-electric point. K. Schwarz 
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Mid that Sdccuktion occurs,only when the acidity is eq. to an hydrogen ion 
cone, of J0~<-s to 10~^’W. This eubject has been discussed by S. E. Mattson 
A. Fodor and B. Scionfeld, and F. P. Hall also studied tie effect of acids on 
clays. 

Tic iygroscopicity of china clay—i.e. tie property for absorbing moisture from 
humid air—is greater if it has been pre-ieated to between 500° and 800°, than if 
the raw clay be used, and, like alumina, it loses this property if it has been caJeined 
over 800°. L. Gurvich “ measured the heat of watting clay, and he found that 
oxygen compounds have a greater heat of wetting and are more adsorbed by 
adsorbents containing oxygen—or they are oxyphibm, while hydrocarbons are 
more attracted by charcoal and arc carbophihus. With increasing mol. wt. in 
a series, the oxyphilous effect decreases to a minimum, and increases again 
with increasing mol. wt.—vide charcoal. E. Reichardt and E. Blumtritt found 
that 100 grms. of dry and moist clay respectively absorbed 33 and 29 c.c. of gas 
from the atm., and the gas contained respectively 65 and 60 per cent, nitrogen; 

21 and 6 per cent, oxygen; and 14 and 34 per cent, carbon dioxide. • A. von 
Dobcneck showed that 100 grms. of china clay absorbed 0 023 grm. of carbon 
dioxide at 0°, and practically the same amount at 10°, 20°, and 30°. In 1825, 

M. Faraday noted that china clay which has been heated to redness and exposed to 
the air for a week, absorbs, during that time, much ammonia from the air. B. von 
Ammon observed that china clay at 20° absorbed 0'42 per cent, of its dry weight 
of ammonia, and he, and A. von Dobeneck found the amount absorbed is less the 
higher the temp, above zero. E. E. Wilson and T. Fuwa found that with 

Humidity of air . . . 15 .TO 50 70 00 per cent. 

Moisture in cloy . . . 0 30 O'OO 0-02 1 00 1-27 

According to W. Suida, china clay absorbs the colouring matter from aq. soln. of 
acid and basic aniline dyes. E. Dittlor and 0. Doclter observed that an alcoholic 
soln. of fuchsine does not dye kaolin. 2'5 grms. of a kaolinized granite containing 
about 70 per cent, of china clay absorbed 0 0176 grm. malachite-green, 0 0211 acid 
fuchsine, and 00211-00218 grm. of methylene blue from a litre of the sola, 
containing half a gram of the dye, and H. E. Ashley proposed to estimate the 
plasticity of clays by measuring the amount of malachite-green adsorbed by a given 
quantity of clay from a standard soln. of the dye. The adsorption of salts from 
their aq. soln. has been studied by F. Rautenberg, E. C. Sullivan, M. Rakuzin, 

S. Wosnessensky, H. Hirsch, T. 0. G. Wolff, G. Moressfc, A. S. Cushman, E. Kohler, 

J. M. van Bemmelen, A. Fodor and B. Schonfeld, K. Kobayashi, T. Okazawa, 

A. Bencko, H. Kohl, E. Bradfield, and others. E. Kohler, and E. C. Sullivan 
showed that when an aq. soln. of copper sulphate or lead nitrate is filtered through 
china clay, the basic constituent is largely retained by the clay. Neutral soln. of 
sodium chloride, or sulphate, or of magnesium sulphate or chloride, give a filtrate 
which is distinctly acid. The acidity is thought to be partly due to the exchange 
of the bases for the aluminium (and iron) of the clay; and partly to the greater speed 
of the acid component when the salt is hydrolyzed, MgS 04 -l- 2 H 20 =Mg( 0 H)j 
- 1 -HjS 04 . E. C. Sullivan studied the action of cupric sulphate and silver sulphate 
soln. on clay. P. Rohland described a clay which was permeable to crystalloids— 
e.j. sodium chloride, barium chloride, cupric sulphate, jiotassium dichromate, etc. 

—and impermeable to colloids— e.g. ferric hydroxide, silicic acid, dissolved starch, 
etc. S. I..agergren found that china day, .dried at 160°, increased the cone, of soln. 
of chlorides and bromides—in some cases as much as one per cent. The results 
require confirmation. H. Udluft showed that clay adsorbs ferric oxide and 
manganese dioxide from the colloidal sol; both the clay and manganese dioxide 
sols are negatively charged. 

J. Lemberg’s observations showed that sodium silicates or aluminosilicates 
are less stable in aq. soln. than the corresponding potassiiun salts. The replace¬ 
ment of potassium by sodium in the silicates does not proceed nearly so readily 
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as tli6 r6V6rs6 r6&ctioQ. He also noted that the diaplaccnieiit of niagneaniiu by 
calcium ia more difficult than the reverse change. Q G. C. Bischof, and J. Lemberg 
suggested that the need of plant life for potassium rather than sodium may bo 
due to the fact that the potassium salts are held more tenaciously by soils 
than those from sodium salts; and accordingly the plant finding mote potassium 
than sodium available in the soils, has developed the habit of assimilating potassium 
rather than sodium. A^gain, the reason sodium salts accumulate in the ocean has 
been explained by showing that the potassium .salts are retained more, tenaciously 
by the soil while the sodium Salts are washed into the rivers and seas. 

J. M. van Bemmelen found that 100 grins, of china clay adsorbed 2 3 eq, of 
potassium chloride from 250 c.c. of a soln. containing 10 cq. of the salt; and 
H. Hirsch, that 100 grms. of clay adsorbed w grms. of barium chloride from a litre 
of soln. containing C grms. of salt: 

C . 0 1 0-5 1-0 30 50 10-0 IfrO 20 0 2.50 

w ■ 0006 0-424 0-701 1-0S7 1231 1412 1527 1.535 1-551 

R. Gallay found that clay with adsorbed bivalent ions ia more sensitive to coagula¬ 
tion than clays with adsorbed univalent ions. The clay with adsorbed bivalent, ions 
is more sensitive towards univalent ions than is a clay with adsorbed univalent 
ions towards bivalent ions. This indicates that the bivalent- ion reb'ased by 
exchange from the clay exerts a coagulating influence; and that coagulation is 
complementary to adsorption. In 1859, C. Bodeker concluded from his observa¬ 
tions that the amount of adsorption is proportional to the sq. root of the cone. 
T. 0. G. Wolff said that the final, not the initial, cone, of the salt should be 
alone considered in discussing this relation, for a soln. jiercolating through a colloid 
will give up the solute to the colloid until equilibrium is attained, and it will then 
pass through unchanged. Conversely, a more dil. soln. will abstract salt from the 
colloid until equilibrium is attained. W. Ostwald, and H. Freundlich showed 
that the form of the function connecting adsorption with cone, will be exponential. 
For further work on the. relation between adsorption and cone., vide, carbon. 

The plasticity of clay. —Tho fictile qualities of a clay are primarily dependent 
on its plasticity. Plasticity is a property of wet clay which enables it to change its 
shape without cracking when it is subjected to a deforming stress. The elasticity 
of the wet clay is negligibly small. Clay is peculiar in possessing another quality 
which is as important as plasticity. It has a high binding power when dried and 
fired, so that the form impressed on tho plastic clay is retained more or loss per¬ 
sistently when the clay is dried and fired. As shown by A. Baume,'’'’ G. Vogt, 
8 . Kasai, E. Bourty, E. Orton, F. F. Grout, A. |ioppla, H. A. Wheeler, etc., very 
fine powders—barium sulphate, glass, quartz, etc.—acquire a kind of plasticity 
when wetted, but when dried, the binding power is exceedingly small. They are 
plastic, but their plasticity cannot be used in the fictile arts because the second 
quality is wanting. Many definitions of plasticity confuse these two distinct 
properties, and assume that the binding power of the dried clay is implied in the 
term plasticity. Indeed, many methods proposed for measuring plasticity arc 
based on the binding power of the dried clay—c.p. those of W. Olzschewsky, and 
H. A. Wheeler. It is assumed that the tenacity of the dried clay is proport ional 
to the plasticity of the wet clay. This is generally, but not always, true. No 
known property of the dry clay can be used as an infallible index of the plasticity 
of tho wel cky, and measurements of plasticity dependent on some property of tho 
dried clay can therefore be dismissed, becausS even though they may measure an 
important property of clay, that property ia not plasticity. 

It is really difficult to measure the plasticity of clay because the property is 
somewhat complex. In 1844, A. Brongniart recognized its elusive character. 
He said : On a souvenl fatU de cette propriSte, on setnbk h connaitre, nuiis on n’en 
a yu’une ix^ue icUe. The potter’s thumb under working conditions is one of the 
most sensitive tests at present known, but that is not always decisive. B. Zschokke 
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regarded plasticity as a complex property which could be analyzed into four simpler 
qualities: (i) the deformabiljty; (ii) the cohesion; (iii) the adhesion; and 
(iv) the viscosity or internal friction of the clay. A. Martens assumed that the 
plasticity, P, is proportional to the toughness, T, of the material, and inversely as 
the modulus of rupture, R, such that Pec T/R ; and H. Fischer added that the 
plasticity also varies inversely as the elasticity, e, of the material, so that Poo TjeR. 
The subject was discussed by H. Fischer, A. Rejto, F. Kick, H. Trcsca, and L. von 
Tetmajer. In estimating plasticity there is first the interflal friction which can be 
otherwise represented as the resistance which the clajf offers to changing its shape; 
and second, there is the cohesion, i.e. the amount of deformation which the clay 
can suffer without cracking. F. F. Grout worked on these lines ; he assumed that, 
with suitable units, the.product of (1) the resistance the clay offers to deformation. 
Fig. lib ; and (2) the amount of deformation the clay can suffer without cracking. 
Fig. IIC; represents the plasticity. Fig. 117. E. C. Bingham regards pla,sticity 
as a complex i)roj>erty involving a definite shearing stress and the vuscosity deter¬ 
mined by measuring the (luantity of clay flowing through a capillary tube at various 
press. The subject has also been discussed by F. 1’. Hall, and A. de Waele. 



Kid. II.l. Hnitttion between l'■](l. 116-Relation be- 117.—Helnlion bo- 

Watcr Content and Realst- tweon Water Content tween Water Content 

once to Defonnntion. and tbo Amount of and Plasticity. 

J)oformatioii.‘ 

llic of a clay vari<^s with tho j)ro])ortion of walor in a curious way. 

As water is progressively added to a dry clay, the plasticity continually increases 
and attains a maximum value. Any further aildition of water reduces the plasticity ; 
the clay acquires another cjuality. The particles no longer have a marked tendency 
to cohere togctiicr, rather does the clay become “ sticky,” and it adheres to any¬ 
thing it touches which^ water can wot.” In the sticky stage tlie clay is no longer 
workable. This represents a break in the continuity between plasticity and 
viscosity. As more and more weter is added, the clay assumes the form of slip, 
and can then be poured like a liquid. J. W. Mellor and A. D. Holdcroft were able 
to restore a small proportion of water to completely debydrated clay by heating 
it under pressure in steam. It was assumed that the silica and alumina of the 
decomposed clay are hydrated. J, S. Laird and K. F, Geller repeated the experi¬ 
ment and obtained analogous results. The restored plasticity is of a totally 
different kind to that possessed by the original clay. 

1 her© are different (Qualities in plastidty. The deformation pressuros of some clays are 
greater thoji otliers, and such clays are said to l>6 “ stiff ” or “ strong.” Some strong clays 
oner a high resistance to changing their shape and yet cannot l)o deforme<l very much 
wittiout crocking. In other wonls, the cloy is ” strong ” and “ short "—e.g. London clays. 
Ihere are other clays which have a low deformation pressure, and can suffer little deforma- 
tion without rupture. They are ” vealt ” and “ short ”— e.g. many siliceous pipe-clays. 
Other - fatty cla}'a offer a low resLstance to change of shape, and yet suffer a comparatively 
large deformation without ruptiiwH-s.g. the block ball-clays. 

Plasticity is a mechanical property, (he resuUarU effect of a deformation and a 
pressure.—The deformability of a clay is probably determined by the distances 
the particles can move without loss of cohesion; and the deformation pressure 
represents the magnitude of the cohesive or attractive forces as shown by the 
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resistance offered by cohesion to the movements of the particles under the influeneo 
of an impressed force. The defotmability of the clay is then conditioned by the 
size and shapes of the particles; and the deformation pressure is determined by the 
magnitude of the cohesion between the clay particles and the water, and by the 
thickness of the water film. 

Until it has been shown that plasticity is a definite function of some other 
quality—salt-absorbing property of H. Hirsch, dye-adsorbing property, viscosity 
of slip, etc.—it cannot be assumed without reservations that measurements of 
these qualities measure plasticity. The claims made on behalf of such indexes 
of plasticity are examples of the logical fallacy eirculus in probando. Take the 
dye-absorbing test. Plasticity is assumed to vary with the amount of colloid in a 
clay; the amount of colloid in the clay is then assumed to be proportional to the 
amount of dye the clay can absorb from a standard soln. ’ Hence, dye-absorption 
measures plasticity. The viscosity test—used by M. Simonis.^M. Obatenct, 
F. P. Hall, R. F. MacMichael, E. van der Bellen, etc.,—is another example. 
Some methods which have been proposed for measuring plasticity really measure! 
only one of the two components—deformation and pressure—into which plasticity 
has been resolved. For example, L. J. Vicat’s needle tost—used by P. Langenbeck; 
A. Brongniart’s wad-box test—used by C. Bischof, R. Biedermann and H. Herz- 
feld, E. C. Stover and J. Bindley, etc.; 6. E. Ladd’s tensile test; P. Joclmm’s 
bending test; and K. Dummler’s spiral test, ultimately measure deformation, not 
pressure; and they give comparable results under constant conditions for a par¬ 
ticular typo of clay when the pressure is'constant, but not necessarily so (or 
different types of clay. 

The plasticity of a clay was assumed by Q. Keppeler, and others, to bo inv<‘r8(!ly 
proportional to the grain-size. H. E. Ashley made this an essential jmrt of his 
formula. The observation has been qualitatively recognized for a couple of 
centuries. In 1770, A. Baume attributed the high plasticity of elnys to their 
extremely fine state of 8ubdivi,sion, and to their containing some saline matter. 
He said: 

On doit attrilnicr to liont des argilles a I’oxtrcme divi«ion do leura parties (pii los rand 
propres a retenir I’ean. ot k leur Ctat salin qui lour donno la fiu-ultd d’etre presquo ilissoltddes 
dans I'eaii. Lours moliteules soot boaueoup plus dans I’Ctat do diviBion, q\io <’elui qu'on 
pourroit procurer a iino pierro quolconque par doH mnyons in^caniques. 

A. Bauine's I'/ial salin approaches near to the modern idea of matter in a colloidal 
state. The meaning is clear; superposed on the plasticity exhibited by fine 
grained powders, clays have a plasticity in virtue of their contained salint! or colloidal 
matter. A. Bauine’s assumption thus approximates to that made by T. Way, 
T. Schlosing, H. Raid, F, Forster, E. W. Hilgard, E. Podszus, S. Oden, A. Beneeke, 
E. van der Bellen, W. H. Brewer, A. S. (iushman, R. C. Wallace and J. E. Maynard, 
A. Bigot, G. Keppeler, P. Rohland, and by H. E. Ashley, that plasticity is ennnccted 
with the amount of colloidal matter in the clay —f’wffffe culloklale of T. Schlosing- 
and inversely as the state of subdivision. If, as appears highly probable, the 
plasticity of clay is proportional to the amount of colloidal matter in the clay, the 
dye-absorption test is probably invalid because there is nothing to show that the 
colloidal matters in different clays have the same absorption power. It is fairly 
certain that the colloidal matter in different clays - say ball clay and china clay - 
is not the same, for this must be largely determined by the nature of the organic 
matters associated with the clay at the time of its deposition, or which have been 
afterwards acquired from extraneous sources. "Neither J. Splichal, nor C. I). B. y 
Escader found the dye-absorbing test to be a satisfactory method of measuring 
plasticity. Clays have qualities which might be predicted from the known proiierties 
of matter in the colloidal state. It is therefore assumed that clays contain z per 
cent, of colloidal matter possessing quahties like those possessed by the clay itself. 

The evidence for the statement that plasticity is inversely proportional to grain- 
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size is not to be accepted without reservations. B. Zschokke, and P..F. Grout 
have both shown that the plasticity of some clays is not always influenced by finer 
grinding, and that the plasticity of other clays may be lessened by fine-grinding. 
This shows that close-packing is also concerned in the action. It follows that closer 
packing is possible with mixed fine and coarse grains than with all fine or all 
coarse grains, and V. Alexiejeff, and P. A. Schemjatschensky have shown that both 
extremely fine-grained and extremely coarse-grained clays are less plastic than 
clays containing mixed fine and coarse grains. Hence, if grinding makes the 
particles more uniform in size, the clay will become less plastic; and it is probable 
that, other things being equal, the distribution of grain-sizes which permits the 
closest packing of the particles, will be the most favourable to high plasticity. 

Plasticity per se can be readily explained by the known properties of films of 
water, and theories have been devised which postulate special shapes for the pre¬ 
dominant particles in the clay; e.g. H. le Chatelier, R. Bicdermann and H. Herzfold, 

G. H. Cook, A. Leppla, H. A. Wheeler, R. F. MacMichael, G. Vogt, S. W. .Johnson 
and J. M. Blake postulated flattened particles; J. Aron, and E. Linder, spherical 
particles; and W. Olzschewsky, spongy particles. There are, however, a number 
of cognate properties possessed by wet clays, which are of assistance in the clarifica¬ 
tion of the concept of plasticity. For example, the slow development of plasticity 
during the weathering or ageing of clays; the action on clay-slip of alkalies, 
hydrolysable salts, acids, and certain organic compounds like tannin; the high 
tenacity of dried clays, etc. H. A. Seger emphasized that the increased plasticity 
duo to ageing is accompanied by an increased acidity in the clay. The acidity is 
due to the decomposition of the organic matters in the clay. It docs not necessarily 
follow, as B. Rohland supposed, that increasing the acidity—ie. the cone, of the 
H'-ions—will increase the plasticity of clays. It might be anticipated that the 
bacteria which decompose the organic matters may accelerate the development ■ 
of plasticity by ageing and weathering. E. G. Stover said that the bacillus sul- 
phurew is the active agent, but this is not proved. The subject was discussed by 
0. Beck, and F. F. Grout, etc. The facts connected with the action of alkalies, etc., 
on clay-slip have been worked out by many investigations on the sedimentation 
of clay, etc., suspended in water. It has been observed that there are three classes 
of substances concerned in these effects; /. Fhcculanis —Acids, acid salts, lime, 
calcium sulphate, sodium chloride, and most neutral salts cause the fine particles 
in suspension to flocculate or coagulate into groups and settle; these agents 
also enhance the plasticity ol clays. II. T)efiocculanls—k small projiortion of 
ammonia, alkali hydroxide, alkali carbonate, borate, silicate, or a salt of other 
weak acids dcflocculate, dccoagulate, or peptize the clay, causing it to assume a 
more finely divided condition than fti water, and thus to remain in suspension for a 
longer period. These agents also diminish the plasticity of clays. III. An excess 
of the deflocculating agents may produce the converse effect giving the same result 
as if an acid had been added ; and perhaps also with some flocculants. 

The attractive, forces exerted on the molecules at the surface of a liquid are 
smaller than on a molecule in the interior, so that there is a tendency for the 
surface mols, to move inwards. The general result is that the surface tends to 
contract so as to leave the smallest number of molecules on the surface. K. Fuchs, 

M. Whitney, and W. J. A. Bliss have pointed out that with fine-grained particles 
of a solid suspended in a liquid, when the surface attraction of the liquid lot the 
liquid predominates over that ol the cla^j lor the hQ^h,th.e 

'vga u-nh tStier Itoecrhants of the first class. When the surface attraction 


of the clay for the liquid predominates over that of iiquid for liquid, the shell ol 
liquid aboiif, tlio oluy will pularge, and the grains of clay will bo kept apart and 

deSocoaknfs'tJ'thT^"'^' typical of dii. soln. ol the alkalies, and other 

shows that th ■ class. The behaviour of substances in the third class 

there is a critical concentration below which the surface attraction of 
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clay for tlio liquid predominates, and above which the attraction of liquid for 
liquid is predominant. 

The effect of alkalies on clay susjwnded in water is to keep the clay particles 
apart, the effect of acids is to make them form aggregates. The result is rather 
remarkable. Clay-slip prepared with about 0 3 per cent, of a mixture of sodium 
carbonate and silicate, can be readily poured in casting operations, and yet it may 
tontain less water than a stiff mass of clay without the alkali. The addition of a 
little acid to the former so as to neutralize the alkali is attended by an immediate 
“ solidification ” of the slip. * The vessel can then be turned upside down without 
interfering with the contents. The addition of more alkali will again make the 
slip pour readily. The amount of the alkali mixture required to give the maximum 
fluidity with the minimum proportion of water varies from clay to clay. Tho 
phenomenon has important industrial applications. It has been discussed by 
C. Goetz, A. Schmidt, A. Johnson, M. Simonis, 0. M. Smith, J. W. Mellor, E. Weber, 
H. E. Ashley, B. Kosmann, A. V. Bleininger and C. E. Fulton, (!. Ke|)pellcr, 
M. Rosenoff, M. Bbttchcr, H. Hirsch, A. Spangenberg, II. G. Schurecht, S. Woss- 
ncssensky, A. Fodor and B. Schbnfcld, R. C. Wallace and J. B. Maynanl, etc. 

The above hypothesis shows how tho plasticity of a clay (»n increase with 
increasing proportions of water so long as the average thickness of the surface films 
of water on the particle of clay is not greater than the average range of the mol. 
attraction of the clay for water. When enough water has been added to produce 
thicker films, part of the water will be outside the range of this attraction, and the 
clay will be less coherent, and become “ Sticky.” The high surface attraction 
of clay for water is illustrated by the magnitude of the Fouillet effect observed by 
C. S. M. Pouillet, C. G. Jungk, P. Meissner, and S. Lagergren. According to 
A. Mitschcrlich, with approximately tho same surface area, the maximum effect 
is nearly 1'50 cals, per gram with china clay; 0 03 cal. with ground quartz ; and 
O'Ol cai. with ground flint. J. G. Bonyoucos found the heat of wetting quartz 
sand is zero; with fine sand, 0 8 cal. per .fiO grms, of material; and 607 fi for clay. 
The heat of wetting is reduced when the materials are preheated, and this the more 
the higher the temi)., until, at 750°, the effect with soils vanished. Attempts by 
J. Aron, B. Ko.smann, 0. Bock, W. H. Brewer, P. Rohland, E. Orton, A. Scheid, 
H. A. Seger, F. Kraze, etc., to refer plasticity to the hydration of the clay mols. 
have not been very successful because no direct relation has been observed between 
the plasticity and the water of hydration per sc. It is, however, noticeable that tho 
greater the plasticity of the clay, the greater the projiortion of water required to 
develop maximum plasticity. Thus, a highly plastic clay iflay take uj) 30 per cent, 
of water before becoming sticky, w'hile less plastjc clay requires 20 per cent,, and a 
short clay may become sticky after 10 per cent, of water has been added. 0. Ruff 
contrasted the plasticity obtained by kneading a solid in a viscous fluid—c.g. 
putty—with the plasticity obtained by the concentration of lyophile substances— 
e.g, clays—thus attributing the j)lastieity of clays to the affinity between the clay 
particles and the water. E. Bourry, and R, Biedermann and H. Herzfeld showed 
that liquids like absolute alcohol, ether, petroleum, benzene, turpentine, olive oil, 
glycerol, etc., do not make dry clays plastic in the same sense that water makes 


them plastic. 

In analyzing the effect of acids, bases, and salts on clays, it is necessary to take 
adsorption into consideration. The relation ot the clay particles to the liquid 
may be drastically modified when the clay .particles contain adsorbed salts, acids,, 
etc. R. C. Purdy specially emphasizid the fanction of adsorbed salts. This, 
however, does not affect the qualitative explanation of the effects just outlined; 
nor is it necessary to make any assumption as to the nature of the attractive forces. 
The gravitational attraction of solid for solid has been neglected because it can be 
regarded as a constant under these conditions. L. Wolff has built an explanation 
based on T. Scbniedel’s application of the gravitational law to molecular attrac¬ 
tion. C. Tomlinson made a similar hypothesis. The particles of clay are assumed 
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to attract one another according to the gravitational law; bat any other assumed 
law of attraction would apply equally well. 

The remarkable effects of gufn and other mucilages in enhancing the plasticity 
of clay has been utilized by potters for an indefinitely long time. In 1903, 
E. G. Acheson patented the use of aq. soln. of the tannins and gallotannins, e.p. 
decoctions of oak-bark, etc.; and in 1918, G. Keppler, and A. Spangenberg patented 
the use of decoctions of humic acid, peat, etc. These plasticizing agents probably 
act indirectly by adsorption. The clay particles adsorb the organic colloid, and, 
judging by results, this probably augments the surface attraction between the 
particles and the surrounding liquid. The plasticity of china clays, practically 
free from organic matter, shows that adsorbed organic colloids arc not always the 
source of their plasticityClays which have been sodden with ground waters rich 
in organic matter are usually highly plastic; and those clays which can be shown 
geologically to have been deposited in swamps and bogs, or which have been in 
contact with such waters, arc usually very plastic unless other mctamorphic changes 
have occurred. Many such clays, however, are not plastic when freshly dug, but 
they become plastic during weathering. When first mined, some of the clays are 
hard, but if they be moistened and exposed to sunshine and frost they more or 
less quickly disintegrate and crumble to fine-grained plasitic clays. Clays which are 
allowed to stand for a long time in contact with moisture become more plastic, 
or, as the workmen express it, more “ buttery,” Clays which have been boiled 
with water also become more plastic. Clays prepared by fast processes—filter- 
press- are not so “ buttery ” as whch prej)arod by a slower process—slip-kiln. 
China clays prepared by tho elaborate, apparently primitive Cornish process—by 
slow sedimentation and slip-kiln—arc more plastic than when tho process of 
dewatering tho clay is accelerated by filter-press. There, is thus an intimate con¬ 
nection between the plasticity of a clay and its past history with respect to water. 
All this looks as if tho clay in contact with water is being hydrated to form a 
colloidal gel. 

Attempts have beeji made to establish the colloidal theory of plasticity by 
adding artificially-prepared colloids to feebly ]ila8tic clays. A. S. Cushman, for 
example, found that when colloidal silica is added to such a clay, the air shrinkage 
and the tensile strength of tho clay are increased, but not the plasticity ; but with 
colloidal alumina, neither the air shrinkage nor the tensile strength were increased 
but the plasticity was augmented. F. F. Grout, however, pointed out that unlike 
the plasticity of clays, the plasticity acquired by tho addition of colloidal alumina 
is lost when the clay isMried. Similar remarks apjily to the colloids prepared by 
precipitation from a mix(vl soln. of alum and water-glass. If the plasticity of 
clays is due to the presence of a colloidal aluminosilicate, it is therefore necessary to 
assume that it is due to a form which has not yet been recognized. J. Stewart 
assumed that an organic aluminium component is l/ie colloid, but this is unlikely. 
From his study of the action of acids and alkalies on the colloidal fractions of clay, 
It. Bradfield inferred that the colloid is a complex aluminosilicate and not a mixture 
of hydrated oxides. The properties of T. Schloesing's I'nrgUe coUoidak simulate, 
in a highly exaggerated form, the behaviour of clays on drying, and it is probable 
that the colloid plays an imiiortant part in the drying of c'ay. The “ felting ” 
action per se of the particles of the drying clay is scarcely an adequate explanation 
of tho comparatively high tenacity of dried clays. The impermeability of wet 
puddled clay to water is also difficult to understand on the “ felting ” hypothesis 
simpliciter. * ' , 

Clay suspended in water is negatively charged. W. S. Jevons,®' and W. Durham 
said that the electrification is excited by the friction of the clay particles falling 
in tho water, and the water in the vicinity acquires an equal and opposite charge. 
Hence water and clay are mutually attracted. The latter said that the dissipation 
of the charge is prevented by the non-conductivity of the water. In the presence 
of acids or salts the water becomes a good conductor, the charges are neutralized, 
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and the clay settles. This does not explain the action of peptizing agetiia wliioli 
make the water a goo^ conductor and yet keep the. clay in suspension—w'rft 8.23,8. 
The acceleration of the sedimentation of clays by electrification whereby the clay 
is deposited on the anode has been discussed in connection with hydrated silica. 
The action has also been examined by A. V. Bleininger and C. 8. Kinnison, 
E. D. Kleeman, A. Muentz and H. Gaudechon. 

Some diemical properties of clays.— According to F. Cornu,moist kaolinite 
reacts more or less acid to litmus. H. F. Kriege studied the rate of chlorination 
of different clays when mixSd with carbon and heated in chlorine gas. According 
to R. van der Lieden, china clay from Zettlitz is slightly soluble when shaken with 
distilled water at room temp., but it is possible that a colloidal suspension was 
mistaken for a soln., or the clay was impure, and it is doubtful if china clay is really 
soluble in water. The attempts made to find the constitution of kaolinite by the 
action of acids and alkali-lye have been previously discussed; and the action of 
sulphuric acid in connection with the preparation of alum -6.33, 20. H. St. C. 
Deville examined the solubility of china clay in soda-lye; and he also found that 
the clay is decomposed by hydrofluosilicic. acid {q.v.) so that alumina passes into 
soln. He also removed iron and pyrites from clays by means of hydrochloric acid. 
China clay is slightly soluble in acetic and hydrochloric acids at ordinary temp.; 
the former dissolved 1'26 and the latter 0-34 per cent. China clay is still more 
soluble in hydrochloric or nitric acid at the b.p. when the former dissolved 3'9i 
and the latter 1’37 per cent. More alumina is dissolved than silica so that tlie clay 
is partially decomposed by the acid. Hot cone, sulphuric acid breaks down the 
clay completely and aluminium sulphate can be obtained from the soln. Tlie 
action of sulphuric acid was considered by S. I{a.sai. If the china clay has been 
heated at temp, between .'MX)'’ and 8(XJ°, it becomes much more soluble in acids. 
If the calcination be higher than 8(X)'’, the 


solubility again decreases. K. van der 
Lieden studied the action of acetic acid. 
The solubility curve of kaolinite calcined 
at different temp., Fig. 118, is by A. M. 
Sokoloft. Alumina also becomes much more 
sohible after it has been preheated to 
between and 8(K)'', and less soluble 
after heating above 800°. The solubilily 



curve for alumina alone is analogous to Temperdture 

that for china clay at these temp. A. (lye- jrV.iroel.lorie Aei.l Kolul.ility 

mant studied the ionic cone, of china clay „t Kaolinite (’nic inod ai Oitlerent 


in soln. of sodium chloride; and 11. Brad- ’J'ciniicratoros. 


field measured the H'-concentration of 


colloid clay. K. U. Glinka studied the action of boiling soln. of potassium 
hydroxide. ,1. Lemberg, and 8. .1. Thugutt found that with a soln. of sodium 
carbonate, cancrinitc is formed ; with potassium carbonate, a potassium aluminium 
silicate ; and with a soln. of sodium silicate,, analcite is produced. H. Schneider- 
holm studied the action of various salt soln. on china clay. J. H. Davidson, and 
W. E. 8. Turner studied the solubility of clay in molten glass, atid G. V. Wilson 
showed that crystals of felspar, magnetite, and biotite may be formed in the soln.. 
W. E. 8. Turner and co-workers studied the action of fused glasses on fireclays. 
The disintegrating influence of furnace gases e.ij, carbon monoxide -on firebricks 
was investigated by B. M. O’Harra and W. J. Darby, T. Holgate, F. tirmstone, 
J. Pattinson, L. Bradshaw and W. Emery, J. W. Mellor, 0. E. Nesbitt and M. L. Bell, 
R.TII. Howe, L. P. Ross, and A. C. Fieldner and co-workers. The absorption of 
sulphurous gases by clays was studied by F. G. Jackson; and the adsorption of 
ammonia from the atmosphere, by J, Bouis, and M. Faraday. For the action of 
the vapours of ammonium or sodium chloride, vvk silica. H. Ota and M. Noda 
found that china clay does not show the indophenoj reaction. The polymerizing 
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effect of heeled cky on some unsatureted hydrocarbons was discussed by 
S. W. LehedeS end E. P. Filoiwnko, and L. G. Gnrvitsch.. H. ftenndJich and 
F. Oppenheimer found that the presence of particles of chins clay increased the rate 
of crystallization of water, and various aq. soln. The subject was also studied by 
A. Brann and co-workers. 

R. N. Brackett and J. E. Williams found a soft white mineral, occurring as 
plates or leaves resembling mountain leather, in the sandstone of the Blue Moun¬ 
tain, Arkansas. They called the mineral rectorite— after E. W‘ Rector. The folia are 
flexible and inelastic, separating with an easy cleavagd; and they are softer than 
talc. The crystals are possibly monoclinic; they are biaxial, and have the optical 
axial angle 2A--=5°-20°. The refractive index is low. The composition of the 
mineral dried at 110° is, Al 2 Os. 2 SiO 2 .H 2 O. F. W. Clarke wrote Al 3 (Si 04 ) 3 H 3 . 
The mineral is sometimes stained with iron oxide. R. N. Brackett and J. F. Williams 
also found at Sneed’s Creek, Newton, Arkansas, soft compact masses of a white 
powder which they called newtonite. The powder consists of minute rhombs 
with angles ti8“-89°. The extinction is parallel to the diagonals of the rliombs, 
and the crystals are thought to belong to the trigonal system. The composition 
approximates Al 2 O 3 . 2 SiO 2 . 5 H 2 O. F. W. Clarke wrote Al( 0 H) 2 (H 38 i 04 ). The sp. gr. 
is 2'37. Newtonite resembles halloysite in many respects. It is slightly soluble 
in hydrochloric acid; decomposed by sulphuric acid with the separation of gelatinous 
silicic acid; decomposed by boiling soda-lye, leaving a residue insoluble in hydro¬ 
chloric acid. Those two minerals have not been closely investigated, and their 
relation to the better-known hydrated aluminium silicates remains to be elucidated. 

P. Termier *' described a clay-Hke, colourless or brown mineral which he railed Isver- 
rlerlte — after U. J. J. Leverrier. Analyses made by A. Carnot, P. Termier, and E. 8 . Larsen 
and E. T. Wherry,' do not apee. P, Termier gave Al,0j.5Si0i.5H,0, as the best repre¬ 
sentative value; W. Vemarlsky gave Al,Oj.2SiOi, corresponding with calcined kaolinite. 
I.«verrierite occurs in vermiculate aggregates in the black shales of the Departments de 
la Loire, France. The crystals are hexagonal prisms—possibly rhombic. The form and 
twinning resembles that of the micas. The sp. gr. is 2'3-2'898 ; the hardness 1-6 ; the 
indices of refraction a=l'6fl4, and y=l B82 ; the dispersion y—n=0 028 ; and the optical 
character is negative. E. 8. Larsen and E. T. Wherry gave ap=l'470, and 
F. W. Clarke, and E. 8. Laisen and E. T. Wherry regard the group of minerals loverrierite, 
batohelorite, kryptotile, and delanouite as belonging to the same family—probably the 
micas. According to W. F. Petterd, batohelorite is a green, foliated, clay-like mineral 
from the Mt. Lycll mine, Tasmania, which was named after W. T. Batchelor; its com¬ 
position approximates to that of rectorite : Al 20 ,. 2 SiO,.H, 0 . 

There is usually a difficulty in assigning formula) calculated from the analyses 
of the hydrated aluminium silicates because the minerals are so often contaminated 
with silicic acids, aluminiuip hydroxides, etc. These hydrates arc often colloidal 
or amorphous. Many of them have been given specific names owing to trifling 
and accidental differences such as the occurrence in a different locality, or a varia¬ 
tion in the colour, state of aggregation, etc., without any attempt being made to 
correlate the essentials with those of other known minerals. This may be due to 
excessive zeal in the discovery of new minerals. To the onlooker of descriptive 
mineralogy it would appear as if the co-ordination of facts has not always been 
kept in view as the ultimate goal. The colloidal hydrated aluminium silicates have 
generally been formed by the weathering of crystalline aluminosilicates to which 
they arc related much as china clay is related to felspar. Many of the hydrated 
aluminium silicates are mixtures of the hydrogels of silica and alumina, and many 
of them have been artificially synthesized by the simultaneous precipitation of 
these two gels from aq. soln. of theit salts. J. Splichal measured the refractive 
index of various mixtures of the hydrogels of silica and alumina after calcination, 
and found for the Si 02 : AI 2 O 3 ratio: 

8i0,;Al,0, 0-9;1 1-9; 1 2 8:1 43; 1 6-6:1 

Ref. index . 1-680-1-595 1-636-1-646 1-620-1-636 1-496-1-605 1-48-1-49 

when 1-68 was obtained for alumina alone, and 1-480-1-485 for silica alone.. The 
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three minerals halloysite, allophane, and montmorillonitc may be regarded us 
types of colloidal or gel minerals. P. Groth, for instance, suggested that alloiihaiie 
and montmorillonite are “ loose ” compounds of colloidal silicic acid and colloidal 
aluminium hydroxide, and S. Kasai found that mixtures of these two gels have 
properties like those of allophane. The work of B. Aarnio, F. Cornu, H. (Ians, 
T. A. Nikolajewsky, H. Stremme, and G. Wiegner shows that these minerals are 
adsorption compounds of silica gel and alumina gel, although S. J. Thugutt, and 
E. Lowenstein hold the view that they are definite compounds. 

H. le Chatelier examined the thermal changes which occur when halloysite, 
allophane, and montmorillonite arc heated, and considered that each curve is specific 
and characteristic. J. W. Mellor showed that the heating curves of all three 
minerals are the same if allowance be made for the presence of kaolinite impurities, 
and for small variations in the position of the critical points due to differences in 
the lag determined by differences in the rates of heating. A terrace in the heating 
curve at about 150° is a characteristic of colloidal silicates and silicic acid; a terrace 
at about 500° is characteristic of kaolinitic clays (kaolinite or clayite); and a hump 
in the curve at about 900° is characteristic of alumina (Figs. ,51-5, 33,10) and of 
aluminium silicates, which are assumed to have broken down at some lower temp, 
into free silica and free alumina (Figs. 119-120, vide supra). Variations in sp, ht.. 
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Fig. 119.—C’rystals 
of Kaolinito. 


Fig. 120.— 
China Clay 
(Clayite and 
Kaolinito). 


Fig. 121.- 
Halloyaite, 
Allophane, 
and Mont* 

mnrillnnite. 


Silicio Acid. 


thermal conductivity, and compactness of the mineral nia/ produce small variations 
in the positions of the singularities on the heating curves. There is no terrace at 
500“ with silicic acid, opal, aluminium hydroxide, halloysite, allophane, mdiamte, 
Icnzinite, schrotterite, collyrite, smectite*, montmorillonite, severite*, cimolite* 
razounioffakite*, anauxite*, and confolensite*. Those marked with an astemk 
showed a faint terrace, presumably owing to the presence of impurities, and 
them showed the colloid terrace near 1.50“, and the alumina hump near 900 1 his 

is in agreement with H. Stremme's suggestion that halloysite, allophane, and mont¬ 
morillonite are mixtures of hydrogels of silica and alumina; and not chemical 
individuals. With these views of the nature of these hydrates, the graphic formula 
representing them as alumino-silicates lose their signittc^nce. Summarizing these 
results, the heating curve of these hydrated aluminium silicates has 


Hump at 900'" 


I about !60" 

iTerraco near 500 ['I’erraee about 160“ . 

I No terrace near 600‘' Terraco about ISO" . 


Kaolinite. 
Clayite. 
Halloysite, etc. 


The so-called cky-base or clay substance may contain one or more of these con- 

P. BerthierM described a friable hard mineral from Angleur, etc., which 
he called halloysite-after J. B. J. d’Onialitis d’Halloy, who first noticed the 
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mmeral. Its colour is white, grey, bluish-green, yellow, red, or brown according to 
the nature and proportion of impurities which are present. The more pure varieties 
are sometimes translucent particularly near the edges, and the translucency is 
more pronounced when the mineral is wet. Halloysite occurs massive and earthy. 
It has a soapy feel. The sp. gr. ranges from 1 ■92-2-20; and P. Philipenko gave 
2’45 at 19°. The hardness is 1-2, and P. Philipenko gave 2'5-3. J. Splichal gave 
for the index of refraction 1’54-1'67, and after calcination, ‘1'555-1‘596. 

Analyses of halloysite were reported by P. Berthifer, P. A. Dufrenoy, P. Phili¬ 
penko, F. Ostwald, V. Monheim, C. Sauvage, M. Thomson and M. Binncy, H. le 
Chatelier, R. Helmhackcr, F. Pisani, C. F. Rammelsbcrg, C. von John, F. W. Clarke 
and T. M. Chatard, M. F..Heddle, U. Pedro, F. Koch, F. L. Ransomo, E. S. Simpson 
and C. G. Gibson, A. F. Rogers, and H. Stremme. The results are divergent, but 
the best representative value approximates to Al 203 . 2 Si 02 .JiH 20 , with n varying 
from 3 to 5, usually nearer 3. An air-dried sample from Styria contained 22'42 per 
cent, of water of which 9’43 per cent, was lost at 110°, and the remainder was lost 
as the temp, rose gradually above 3(X)°. Air-dried halloysites from various localities 
were found by A. Lacroix to have from 17'6 to 2ti'5 per cent, of water. The 
possible constitutional formul® are as varied as in the case of kaolinite. E. S. Larsen 
and E. T. Wherry regard halloysite as an amorphous mineral corresponding with 
kaolinite, but holding extra water either by adsorption or capillarity. As an 
example of a possible constitution, assuming that halloysite is a chemical individual, 
the following may be quoted, 0: A 1 . 0 .Si( 0 H) 3 . H. le Chatelier found that halloy- 
sites lost between 3'5 and 12'5 per cent, of water when heated to 250". The heating 
curve shows a rapid evolution of water between 1,50° and 200°, Fig. 121, and the 
residue has the cbmposition Al 2 O 3 . 2 SiO 2 . 2 H 2 O, the same as kaolinite; but the loss of 
the remaining water at about 500° does not show the kaolinite terrace. There is the 
alumina hump at about 900°. H. le Chatelier believes that the sedimentary clays 
do not contain kaolinite, but rather halloysite, J. W. Gregory, and D. P. McDonald 
adopted a similar hypothesis. J, W. Mellor showed that the results are better 
interpreted by assuming that these clays contain colloidal kaolinite, i.e. clayite, 
because the heating curves have the kaolinite terrace at about 500°. E. Ldwenstein 
found that when confined at 25° over sulphuric acid of vap. press, p mm. of 
mercury, the molar loss of water for equilibrium was as follows : 


p . . . 

. 2 : 1-55 

19()0 

1 : 1 -45 

4-41 

0-50 

0-18 

Halloysito 

. d 

0'2.'> 

0-91 

2-32 

3-34 

3-44 

Collyrite . 

. () 

o-u 

0-42 

0-71 

0-98 

1-14 

Montinorillonite 

. 0 

1 05 

1-93 

3 41 

4-74 

510 


J. W. Mellor and co-workers obtained analogous results with halloysite. A. B. Dick 
found the refractive indices of the opaline halloysites ranged from 1'522 to I'544. 
When boiled in water, and afterwards dried spontaneously in air, their refractive 
indices were not changed; but if dried for a fortnight at ordinary atm. press., over 
cone, sulphuric acid, the refractive index rose to 1’555. Dry air decomposes 
the minerals because, when placed in damp air for some days to regain the lost 
water, they do not regain their original refractive index. There are some museum 
specimens of halloysite with a refractive index a little over 1-56. They have a 
oryptocrystalline structure and a faint double refraction. A. B. Dick said that 
these specimens may be kaolinite or rostorraellite, or an alkaline earth silicate. 
J. Splichal gave 1'54-1'57 for the refractive indices of the halloysites from Anglcnr, 
Belgium, and Radzionkow, Silesia; and sifter ignition, l-555-l'595. Halloysite 
is partly decomposed by cold cone, hydrochloric acid, and completely decomposed 
by the boiling acid. Similarly also with sulphuric acid. 

A. Breithaupt called ordiiiar}' compact halloysite from Angler, galapectite, and a dense 
gum-like variety which does not adhere to the tongue, gummite. A gum-like clay from 
Budapest was called halloysite by F. Koch. P. A. Dufr^noy’e argile chimigue is probably 
halloysite. A compact, earthy, white, translucent variety of halloysite from La Vilate, 
France, was calle^ by J. F. Jolm, lenzinite or /mzt/e—after D. G. J. Lena; ita composition 
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is Al,0j.2Si0,.3H,0; and a brownish variety fropi Call, Eifel, had a composition 
SAljOj.SSiOi.IlH^O. C. C. von Leonhard regarded it as a decomposed seiniopal. It is 
said not to gelatinize with acids. For the heating curve, vide Fig. 121. Tl>o term lenzimte 
has also been applied to white clay with a largo proportion of silica. The lenzinite from 
8t. S^v^re was called by F. S. Beudant eiventc. It was analyzed by J. I’olletier ; and 
discussed by C. von Hauer. For the heating curve, vide Fig. 121. A white clay witli a 
conchoidal fracture from Lawrence, Indiana, resembling halloysito, was called by K. T. Cox 
indiande. The sp. gr. is 2’31 -2 r)l and the hardness 2-2J. Indianite was diM Ussed by 
W. N. Logan, A. M. Gibson, H. A. Wheeler, etc. For the heating curve, Wdc Fig. 121. The 
term indianite has been also applied to a brown anorthite from India. A white or yellowish- 
white earth from Bergenrsreuth, Bavaria, wa.s called by A. Breithaupt r//at/crde-iwni 
yAaytpof, milk coloured. There are two varietie.s, one i.s eartliy, with a sp. gr. 2‘3/>r), and a 
composition 2 AljOj. 3 SiOj. 6 H 2 O; the other is compact, witli a sp. gr. 2 331, and a com¬ 
position 2 Al 2 O 3 . 2 SiO 2 . 6 H 2 O. Glagerite was analyzed by J..F. Jolin, and A. Sajtzeff. 
A. B. Dick gave 1644 for the refractive index. J. Fikenstein found that A. Breithaupt’s 
glagerite is halloysite. A variety of halloysito from Condt^-siir-Vi^gro, I'Yance, was calleil by 
A. Salv 6 tat, emecide —from {rfirjKrh, detersive earth. It has a greenish colour, and a greivsy 
appearance; and in certain states of huipidity appears almost transparent and gelatinous. 
It was examined by L. A. Jordan. For the heating curve, v/dc Fig. 121. A. Bi’cithaupt 
applied the terra smectite to a kind of fullers earth from Styria. U. Shepard callod a 
milk-white variety of halloysite from Dade, (Jeorgia, (/loem-o/lde. It was analyzed by 
F. Fisani. M. Thomson and M. Biimey applied the term p/tcud{fdea/de to an impure gn>en 
halloysite from Bathgate, Scotland. A white or bluish-white earth obtained at Noi’tschinsk 
was callod ncrtschinsIcUe by K. F. Glocker, wlio considerotl it to be a variety of lenzite. 
E. Tietze called a white earth from Maidanpek, Serbia, ?mlanite. y\n opaque milk-white 
slightly lustrous clay from the rod sandstone on the bjuiks of the Tweed, S(‘otland, was 
called by T. Thomson from the Latin 'J'ucew, tJie 'rwoivl. C. F. liammelsbcrg 

gave a number of analyses. The sp. gr. is 2'434-2 624. 1*. A. Dufiy'noy, J. Nieol, ami 

J. W. Gregory regard tueaite as a variety of halloysite. It i.s amorphous and jiracticallly 
isotropic. 

Cimolian earth referred to by Thooplirostus •* as Ki/noKta ; by I’liny as emoUa ; and 
by M. H. Klaprotli as citttohk, is a greyisli-wlute clay when freshly dug, but it acquires a 
reddish tint on exposure to air. It was originally obtained from Kiinlos, i.e. tlio island of 
Argentiera, and a similar earth has been reported from other localities. Cimolian oartli 
has a slaty fracture; and is difficult to powder. E. Dittler and J. K, Hibsch gave 
2 A 1 j() 3 . 9 SiO 2 . 0 H 2 O for tlie formula, (’irnolite is a structureless powder. Its sp. gr. is 2T8- 
2‘30. It sticks to tlie tongui', and on munci-sion in water, it splits into Hakes and forms a 
cream-like slip when ground witli water. In this form it has lKH>n uh<m 1 for removing oils and 
fats from wool and silk. Analyses were reported by M. K. Klaproth, C. F. JtumineiHhorg, 

K. B. Riggs, F. W. (’larko, K. Scharizor, anil A. Livcrsidgo ; the results are not concordant; 

the average approximates 2Al2()j.98i()2.611^0. 'J’he mineral is probalily a mixture of the 
hydrogels of silica and alumina. For (ho heating curve, ouh Fig. 121. F. W. Clarke gave 
for ciraolite, AljfSijOjlj.OHjO. A. Breithaupt describi'il a greenish-white ciniolite in 
the weathered basalt of Biliii, Bolioinia, which lio called amiwa-gc from not 

softening—in allusion to its behaviour in the blowpipe fianie. Its sp. gr. is 2'26; E. Dittler 
and J. K. Hibsch gave 2 524. It was analyzed by C. von Hauer. K. Dittler and 
J. E. Hibsch gave the formula 3A12 Dj.108i(D-^HAL They say the crystals are rhombic 
and unlike those of kaolinite. Tho lieafing curve is shown in Fig. 121. Tliopr/rtam/n of 
N. Ouchakoll is a mixture of cimohto and quartz found at KielT, Jtussia. 'J'ho huiUerite of 
S. Haughton is a similar earth. 

J. J. NOggerath doscrilied a rose-red oartli from the trachyte of tlie SiebengebiigoB 
which he calleti ehreiibergite. It is almost gelatinous when freshly dug, and it becomes 
fragile and pulverulent when dried. It swells up like boiled starch when placed in water. 
W. C. Knight discovered a soft fino-graiiied clay in the Benton formation of Wyoming, 
and ho first named it /ay/orde—after W. Taylor—but the name was afterwards altered to 
bentonite when it was found that taylurito was already in use for something else.^ Tho 
mineral was also reported in other localities by N. H. Darton, C. E. Siebenthal, etc. In 
some respects bentonite resembles ehrenbergito. It is supposed in some coses to have been 
formed by the weathering of lahmdorite; in other cases, as shown by E. T. Wheny, and 
C. 8 . Ross and E. V. Shannon, it is considered to bo derived from volcanic ash which iios 
sometimes been reworked and mixed with^letrilia! matters. Often it is maile up of Varying 
proportions of volcanic rock, phenociysts, and a devitrification product of glass. There 
are,, however, several varieties probably derived from different source. The composition 
approximates Al,0,.6Si0j.6Hj0. H. G. Schurecht and H. W. Douda consider that 
bentonite is a mixture of colloidal silicates and fine-grained kaolinite. The colour when 
freshly dug is yellowish-green, which changes to a pale cream on exposure to air. Tl^ 
sp. gr. is 2T32-2T80. When placed in water some varieties alisorb more tlian three times 
their weight or up to eight times their own volume of water, swelling considerably, and pro¬ 
ducing a jelly-like mass which recalls some of the adhesive pastes. According to 
W. A. Nel^n, when bentonite is boiled with sulphuric acid, nearly all the alumina posses 
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into Boln. Bentonite has been used in the manufacture of soap, as a filler for paper, as a 
sizing for yarn, as a diluent for certain drugs, and as a raw constituent of glazes to lielp 
in keeping the materials suspended in water. Numerous possible uses have been suggested. 
It has high adsorptive powers resembling those of diatomaceous earth. H. F. Coward 
found bentonite is a typical negative suspeneoidal colloid in that the particles are negatively 
charged, and tiie charge decrease with increasing quantities of eloctrol>dos-~acids, alkalis, 
or ealta—until, with a sufficient concentration, the whole is sedimented in a gelatinized 
form. The fiocculation is reversible. 

Many kinds of clay-like substances have been called fulisr’tf earth, in allusion to the 
fact that they have long been used for fulling ” or removing grease from woollen goods. 
Fuller’s earth corresponds with the d^ription of the creta cimolia or cimolian earth of 
Pliny’s HUtorice riaturalia (17. 4; and 36. 57). The earth was used by the Romans for 
scouring cloth. The Metilian Law of the Romans had to do with the ara JuUonia. In 
ancient times, the cloth was washed by stamping it with water and crela juUonia which 
acted partly by scouring and partly by absorbing greasy dirt. According to J. Beckmann,•• 
the mill where cloth was scoured m it came from the loom was formerly called fuUencium, 
or ntolendium cum fuUione. A. G. Werner, L. A. Einmerling, etc., called a clay of this 
kind Walkcrerde, Walkthm, or Walkerde; A. J. M. Brocliant, la terre d foullon; 
J. 0. Wallerius, amectia; R. J. Haiiy, argik amectyfue; and A. Broithaupt, walkerik, 
ameclite {vide lialloysito), and malthacite. Fuller’s earth has been worked in Great Britain 
for very many years—at Reigate and Nutfield, Surrey ; Bath, Somerset; etc. Various 
other occurrences have been reported by J. Woodward, J. C. Branner, A. E. Fersmann, 
A. H. Cox, G. M. Davies, J. Middleton, H. D. Miser, i*. G. Morgan, F. J. Bennett, H. Ries, 
H. K. Shearer, R. Tate, D. J. Day, A. C. G. Cameron, J. T. Porter, T. W. Vaughan, 
E. H. Sellards and H. Qimter, L. E. Aubury, A. Duessen, W. C. Alden, O. Veatch, E. Sloan, 
etc. In tlie eighteenth century, a special Act was passed proliibiting its export from 
England ; after the repeal of the Act, Finland was tlie chief jirotlucer for the world, but 
in recent years has boon outstripped by the United States. The mining of fuller’s earth 
is like that of other clays. The («rtli may or may not be washed by lovigation as in the 
case of china clay. In the washing, tlie earth remaining susi>endod in water after the 
gKttiser impurities have sottlcil, is finally dried in kilns. The drying temp, must be low, 
or the adsorbent (pialitios are impainxl. The preparation of fuller's earth for tlie market 
was described by H. B. W’oodward, W. C. Phalen, A. C. G. Cameron, C. L. Parsons, etc. 

The first analysis was made by T. Bergman, and analyses were afterwards reported by 
M. H. Klaproth, T. Thomson, R. Sachsse and A. Becker, H. B. Wootlward, P. G. Sanford, 
H. Rial, J. Brierloy, L. A. Jortlon, J. T. Porter, etc. 'I’lio results range from 44 00-72 00 
|)er cent. SiO,; 5 00-33-38, A1,0,; 4-89-24 »r), HjO ; 1 26-14-87, Fe/lg; 0-33-7 40, 
CaO; 0-4,3-4-36, MgO ; alkalies, 0-45-6-00 ; with small amounts of organic matter SO,, 
P|0|, and TiOj. The variations in composition are so great that analysis alone does not 
determine whether a particular clay is to be classed os a fuller’s earth. Fuller’s earth 
contains hydrated aluminium silicates, incompletely decomposed mineral matters, and 
various detritul minerals. The petrology of fuller's oartli has been discussed by A. H. Cox, 
and T. Crook. H. Kies said that hydrated silica is usually present. A. Breitliaupt 
supposed ameclite, Al 203 . 7 Si 02 . 12 H 2 G, and malthacite, Al20s.7Si02.16Hj0, to be primary 
constituents. The conclujion, however, is not very convincing. The origin of fuller’s 
earth has not been elucidated. H. Cretlnor said that while kaolinitic clays are deriv'ed 
from the decomposition of felspathic "oeks, fuller's earth is probably derived from horn¬ 
blende, ainphibolo, and augite rocks— t.g. gabbros, diontes, diabases, and basalts. 

The colour of fuller's earth may be white, grey, green, or brown. It does not adhere to 
the tongue and it softens when placed in water. The sp. gr. ranges from 1-9-21. Some 
fuller’s earths have an acid reaction, others are neutral. The so-called Kambara clay of 
Japan is like on acidic fuller’s earth. Its properties were described by K. Kobayashi, and 
S. Veno. The adsorbent quality of fuller’s earth is determined by the constituent colloidal 
aluminium silicates. Most of the fuller’s earths contain much water, but, as C. L. Parsons 
showed, some of the eartlis adsorb as well after the water has been expelled as tliey did 
before; others have their o^lsorbont power much weakened. Although still used as a kind 
of argile aavonneuae in cleaning cloth, wosliing woollens, and fine-dyed goods, fuller’s earth 
is still more extensively employed in refining oils, fats, lard, etc. J. £. Gilpin and 
O. K. Bransky found that the selective adsorption by fuller's earth is greatest for oils of 
high sp. gr. and viscosity, for unsaturated hydrocarbons, and for sulphur compounds. 
E. K- Hidoal and W. Thomas believe that with the earths from Surrey, Somerset, and 
Florida, the adsorption of methylene blue from'aq. soln. is approximately proportional to 
the sp. surface of the earths, while the catalytic activities in decomposing hydrogen dioxide 
are not dependent on the adsorption and may depend on the iron content. The specific 
adsorbent qu^ities of fuller's earth liave been discussed by V. F. Herr, J. E. Gilpin and 
co-workers, L. G. Gurvitech, D. Wesson, W. R. Jewell, T. G, Richert, A. Seidell, 
0. L. Parsons, J. J. Vollertson, etc. A little is used as a pigment for wall-papers, and the 
finest grades in toilet preparatioi^ 

F. Stromeyer and J. F. L. Hausmaun,^' applied the term allopbane to a mineral 
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occurring in cavities in a marl near Saalfeld, Thuringia. The name is derived from 
aXXoi, other; fjiatvitrBai, to appear, in allusion to;tho change in the appearance 
of the minpal before the blowpipe flame. A. Breithaupt called it rienmnnik, 
AUophane is a hard, brittle, opaque, nou-crystalline earth; the edges of the 
fragments are sometimes translucent. The colour may be white, but more com¬ 
monly sky-blue, green, red, or brown. The fracture is couchoidal, and the lustre 
vitreous. The sp. gr. is 1-89-2 02. J. Splichal gave for the index of refraction 
l-48()-r490; and after'calcination, l-5a5-l'570. The mineral has been found in 
different localities and described by W. D. Herman, J. Morris, J. Prestwich, 

R. H. Chandler, G. vom Rath, P. Berthier, A. B. Northcote, C. T. Jackson, 
B. Silliman, etc. Analyses were reported by F. Stromeyer, F. A. Walchnor, 
J. Guillemin, R. Bunsen, P, Berthier, A. B. Northcote, B.-Silliman, 0. T. Jackson* 
E. F. Smith, J. Gamper, A. F. Rogers, C. F. liammelsberg, F. Kretschmer, 
G. d’Achiardi, S. Kasai, A. Nikolavsky, etc.. The results approximate to AlgOa-SiOa. 
wHaO, where n may bo 4, 5, or 6. F. W. Clarke gave 1 Al{OH)2j2H2Si()4.3HaO, 
or, analogously to andalusitc, Al 2 (Si 04 ) 2 .! A1(0H)2!2.12H20. “ According to 

S. J. Thugutt, and H. Streinme, the mineral is probably a mixture of the 
hydrogels of silica and alumina. For the heating curve, mle Fig. 121. J. tSplichal 
found the refractive indices of samples of allophanc from Hromicc, Ihjhemia; 
Bogsan, Banat; and Borovec, Moravia, to range from 1-4H() 1-490 before calcination, 
and after calcination, l-505-l’570. Allophanc is partly decomposed by cold cone, 
hydrochloric acid, and completely decomposed by the boiling acid. H. Schneider- 
holm studied the action of various salt soln. on allophanc; and K. van der 
Lieden, the action of acetic acid. 

The blue variety looks like a copper ore, and presumably contains chrysoeoHa; the 
green variety contains malachite. C. Scliimbol found a sample witii nearly 19 per cent. 
CuO ; and the yellow and brown varieties, iron oxides or hydroxides. B. Silliman found 
a sample with admixetl gibbsito. The yellow variety from Kornwostheim (ontained 
aluminite, and M. van Oroningen and A. Oppol called the mineral Hilireoiu aluminilc ; 
L. Muck designated a similar variety fmm Schwelm, Westphalia, mlpluOalhiphnw ; and 

L. Bombicci named a variety from Mt. Vocohio, Sanlinia containing a little lea^I, plutnb^ 
allophanc. A. L. Sacli found a reddish allophane at Friesdorf, Bonn, and calknl it clkuyarite: 
it wa« doacrilnxl by K. F. (ilockcr, and H. Bunsen. F. ].». Sonnonuchein applied the term 
caroUUhinc —after Prince Carolath---to a yellow allophane from Zabrzo, Silesia. Tlie white 
or yellow allophane found by J. 1). Dana os stalactites and stalagmites in the lava caverns 
on the island of Upolu, ^inoa, wan styled mmoUe, F. W. Clarke gave the formula 
Al,( 8104 ) 3 .12HgO. V* Zepharovich reported a ferruginous variety. J. I). Dana con¬ 
sidered that tho samoite of B. Silliman is probably a labradorite.^ 

D. L. O. Karsten •• employed the term coUyrite, for the white clay which he found near 
Schemnitz, Hungary, because it agrees well with Dioscorides’ description of the Samian 
earth xoXXiigioK, and Pliny’s collyrium, J. 0. Freieslelien called it Salpctcfy and 

M. H. Klaproth, natflrlkhe. Alaunrrde. Collyrite is very like allophane in its general 
properties. Occurrences were reporteil by W. V. Vernon, A. Brongniart., J. C. O. de 
Marignac, J. Jacobson, etc. Analyses of collyrite were made by M. H. Klaproth, 
P. Berthier, C. M. Keroten, and J. H. and 0. Oladstone. The b^t representative value is 
2Al,0a.Si0j.9H,0—F. W. Clarke gave (AK))4.Si()4.6H,0. It is probably a mixture of the 
hydrogels of silica and alumina. O. Vogt regarded the clay of Heedain, France, os a mixture 
of 30 per cent, allophane and 70 per cent, kaolin. H. le Chatelier called the same clay 
collyrite. The collyrite found at Scarborough, Yorkshire, was called by W. V. Vernon, 
ecarhoroite ; its nature was discussed by J. F. L. Hausmann. A greenish or yellowish clay 
resembling allophane, and found by A. Schrbiter near Froienstein, Styria, was called 
opaline aSophane ; E. F. Glocker named it scAriJtferife. It was analyzed by A. SchrOtter, 
and J. W. Mallet. Its composition is variable, for the ratios A1|0|: SiO,: H,0 range over 
8:3:30, 7:3:36, and 5:2:20. The index of refraction is 1*584. F. Zambonini 
regarded a sample from Saalfeld as a mixture ol 3 (Al|Si 04 . 8 H| 0 )-f 8A1(0H)4; and 
R. Helmhacker believed a sample from Froienstein to be a mixture of halloysite and 
varisoke. F. W. Clarke gave the formula {Al( 0 HJ,} 48 i 04 . 6 H, 0 . The heating curves—• 
Fig. 121—show that collyrite is a mixture of the hydr^ls of siliea and alumina. The vap. 
press, of collyrite is indicated above. 

A. Salvetat found a rose-red clay in pockets in the brown clay of Mont- 
morilloD, France, and he called it mo&tmacQloiiite. The clay was reported from 
VOL. VI. ' 2 K 
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- other looslities, and analyses have been made by A. Damour, L. Az4nma, A. von 
Fersmann, D. Lovisato, H. LeitiJieier, C. von Hauer, H. le Chatelier, R. Helmhacknr 
H. L. Wells, C. 8. Boss and E. V, Shannon, and J. H. Collins. The analyses are 
not concordant, but the best representative value is AJ 2 O 8 . 4 SiO 2 . 9 H 2 O. tL heat¬ 
ing curve—Fig. J21—indicates that montmorillonite is a mixture of the hydrogels 
of silica and alumina. J. Splichal gave for the index of refraction I‘50; and after 
calcination, l-510-r525. H. Leitmeier kept the isotropic hydrogel from Zogora, 
Bulgaria, for three years when it had acquired a feeble birefringence, indicating 
that it had become crystalline, with an index of refraction 1'61. This may be a 
chemical individual, or a solid soln. of silicic acid and of a simpler aluminium 
silicate. The vap. press, of montmorillonite has been indicated above. According 
to A. Salvetat, an aq. soln. of sodium carbonate dissolves a little silica from 
montmorillonite; the mineral is partially decomposed by cold, cone, hydrochloric 
acid, and completely decomposed by the boiling acid. 

A miinber of varioties have been reported. A pale rose variety found at Confoloiis, and 
St. Joan-do-Colo (Tluviers), was called confolensite by A. P. Dufr^noy. It was analyzed 
by P. Berthier, and A. Salvetat. For the heating curve, vide Fig. 121. G. A. Kenngott, 
and C. von Hauer described a variety from Millac, France, and called it delanouite. Jt is 
rose-red when freshly dug, but the colour darkens on exposure to air. A. dos Cloizoaux 
described white, yellow, or green varioties from Virolet, and Poitiers, France; and he 
called this mineral ateargillUe or steatargillite. A yellowisli clay, resembling steargillite, 
found in the basalt of Stolpen, Saxony, was called etolpenite, or the bole of Siolpen, by 

G. A. Kenngott, C. F. Rammolsljorg, A. I'cn Fersmann, 1). Lovisato, and C. F. Kaumann, 

T. Thomson called a yellowish-red cloy from Giant’s Causeway, Ireland, erinUe —from 
Krin, Ireland. A white or mottled green clay from the 8eri>entine of Frankenstein and 
Kosemutz, 8ilesia, was called razoumovskyn by J. F. John and J. Zollner. R. Helmiiacker 
repoiiod a similar bluish clay from Lading, Carinthia. Some calcito and ozurite were also 
present os impurities. For the lieating curve, vide Fig. 121. J, NickPs applied the term 
iapmite to a white, plastic, soap-like clay occurring in the granite from which issues one 
of the Iiot springs at Plombiferes, France. R. P. J). Graham analyzed a sample from 
Montreal. C. F. Nauraonn named a similar cloy emegmatite. This clay is one of 
a series called mountain soop, pierre <l savon, or Bergseife referred to by C. F. Bucholz, 

H. (). A. Ficinus, and S. J. S. Beckmann. There is also a variety of meerschaum, or soap¬ 
stone which is the true saponite. 8. D. Villarello described what he called paratnont- 
morillonitc from Michoagan, Mexico, as a mineral with the composition Al20j.4Si02.r>H20, 
or H|Ai 28 i 40 , 4 . 2 H 20 . G. Frie<lel described a mineral from Mirarnont, France, whicJi he 
called termierile ; its composition approximates Alj03.6Si()2.18H20. Its sp. gr. is 1’54 ; 
hardness, 2 ; and index of refraidiou, 1'403. The partially dehydrated mineral takes up 
ether, benzene, or methylene iodide; but these are readily displaced by water. 

M. H. Klaproth employed the term ofialmatolile for a talc-like mineral; 

C. A. G. Napione used pagodHe, 4 nd for the ChincBo mineral A. Breithaupt used 
gemmahuji. Some of the agalmatolites aro not hydrated aluminium silicates, but 
rather nephelites, and hydrated magnesium aluminium silicates {q.v.). R. Hermann 
received a sample of the supposed talc from Ural, and showed that it is really an 
aluminium silicate which he designated pyropbyllite—from irCp, fire; and <fiv\Xov, a 
leaf. K. G. Fieldler found a similar mineral at Berjosowsk, Ural. A. Breithaupt 
proposed to use the term pyrauxite —from vvp, fire; and av^<D, to increase—in 
allusion to it« behaviour when heated. The occurrence of pyrophyllite in various 
localities has been indicated by G. Rose, L. L. de Koninck, L. J. Igelstrom, 
H. Sjogren, E. Schumacher, G. A. Kenngott, H. Gorceix, G. J. Brush, F. A. Genth, 

V. von Zepharovich, R. Helmhacker, M. F. Heddle, W. I. Macadam, A. Frenzel, 

P. Groth, and F. von Richthofen. Analyses were made by R. Hermann, 

C. F. Rammelsberg, L. L. de Kohinck, II. Sjogren, L. J. Igelstrfim, H. Gorciex, 

J. L. Smith, G. J. Brush, F. A. Genth, A. H. Church, M. H. Klaproth, J. F. John, 

E. Walmstedt, M. F. Heddle, W. 1. Macadam, C. W. von GUmbel, F. Dewalque, 

F. W. Clarke, J. Samojloff, J. Morozewicz, J. H. Pratt, T. Lowinson-Lessing, 

A. Huntzelmann, and A. Damour. The relation between agalmatolite and pjro- 
phyllite was shown by G. J. Brush. The best representative formula was given 
by G. A. Kenngott, Al 2 O 3 . 4 SiO 2 .H 2 O, or H 2 Al 2 Si 40 i 2 i or HAlSi 20 e'. Other 
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formd<B were suggested by J. Morosewios. and T. Lowinson-LessinR The l.,(t ■ 
retried the pjrophylhte of Pyshminsk as a mixture of pyrophfilite U 
llSiOaSHsO, whch 18 opticaUy negative, and pjmnio-jye 
pSiOj.SHjO, which IS opticaUy positive. F. W ClaAe and ft’ "i 
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Fia. 123.- Tlio Ilcaiing 
(/Urvfi of Tyropliylliio. 


B. Scharlzer‘3 formula. 

K. von Chroustschofi claimed to have obtained a zirconiferous pyropliyllite by 
heating a mixture of silicic acid, water, alumina, and zirconia to dark redness • and 
E. Baut, and M. Schlapfer, pyrophyllite, by heating a mixture «1 silicic acid, alu’mina, 
and potassium silicate in an autoclave. Pyrophyllite is a crystalline mineral belong¬ 
ing to the rhombic or monoclinio system. It occurs as a 
compact mass of small crystalline plates or radiating 
fibres. It is more or less translucent, and coloured white, 
grey, yellow, green, or brown. It has a greasy feel, and 
a dull matte or mother-of-pearl lustre. A. Michel-Levy 
and A. Lacroix found the refractive index is 158 ; and the 
double refraction, 0 041. A. dcs Cloizeaux showed that the 
axial angle 2F=62°; and 2A’.-=110° 28' at 170, and this 
diminished with a rise of temp, to 105° 30' at 135°. The 
hardness is nearly 1; and the sp. gr., 2-8-2-9. H. le 
Chatelier observed the variations of temp, when the 
mineral is heated; and J. W. Mellor’s heating curve 
is indicated in Fig. 123. R. Wohlin, and J. L. Stuckey 
obtained a similar curve. Pyrophyllite loses an appreciable 
([uantity of water at about 500°; thus after heating 2 hrs. at .TO" the mineral lost 
0'33 per cent., kaoUnite under the same conditions lost nearly all its combincil 
water. The combined water is given off at about 7(X»°. ft. Tammann found that 
when confined over sulphuric acid with a partial press, p of water vap., pyro¬ 
phyllite lost the following percentage amounts of water; ' 

p ■ . . 1672 U'56 12'4S 911 , 60S 203 Oil 

Loss . . 0-000 0-027 0-03,7 0-039 0 050 0 069 0 060 per cent. 

J. W. Mellor and co-workers obtained higher values. Pyrophyllite swells to 
twice its bulk when heated. A. Johnsen studied the optical properties of 
the mineral. E. S. Larsen gave for the indices of refraction a=l'.5.52, 
^=1-588, and y=l-6(X). F. Cornu found that the moist powder reacts alkaline 
to litmus. The mineral is but slightly attacked by aq. soln. of sodium carbonate, 
but, according to F. W. Clarke and ft. Steiger, and H. C. MaoNcil, when the pyro¬ 
phyllite has been calcined, about 2 84 per cent, of the silica becomes soluble in that 
menstruum; and when calcined in ammonium chloride vap., about 6 per cent, 
becomes soluble. K. D. fthnka studied the action of potassium hydroxide on 
pyrophyllite. Pyrophyllite is but slighjly affeqted by hydrochloric acid; while 
sulphuric acid decomposes it with the separation of gelatinous silica. Some 
varieties of agalmatolite were employed by the Chinese for carving figures; it 
has also been used for making slate-pencils since it leaves a white trace on slate— 
hence the name pencil-stone. 

T. Soheerer” applied the term lardUe to a greenish ^almatolite analynod by T. Thomson. 
A light greenish-white variety of pyrophyllite was found by C. W. von Giimbel at Nord- 
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haibm, Oberfranken. Tii© mineral was analyzed by F. von Kobell, and A. Terreil, and 
named gUmbeiite. C. W. Blomstr^d found rwldish fibrous aggregates in the pyrophyllite 
of Vestana, Sweden, and named* the mineral vestanUe or westaniie. The composition 
approximates AI^Oa.SiOj.jHjO, and P. Groth r^rded it as a hydrated andaiusite. 
K. F. Peters found a granular microerystalline mineral in the limestone of Biharbe^g, 
Hungary, and named it biharite. W. Haidinger considered it to be a variety of agalmatolite. 
A fibrous variety of agalmatolite was found by T. S. Hunt at Stanste^, Canada, and 
named neurolite —from ytOpov, a fibre or tendon. T. S. Hunt, and T. Thomson analyzed 
the mineral, and the results show that it approximates in composition to pyrophyllite. 
A. H. Church described a massive greyish^green agalqiatolite-Iike mineral from the 
Restormol Mine, Cornwall. He called it rcatormelite. The hardness was 2, the sp. gr. 

2"fiS, and the analysis 45’66, SiOj; 35i0, AliOj; 1 11, FeO; 0 85, MgO; 2'30, KjO; 
4'30, Na/); 11(18, HjO. 
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. §36. Pottery 

The potter’s art has been so universally practised that there is probably no nation, 
whether barbarous or civilised, which could not contribute some interesting ps^ to a 
general history of pottery; whilst in almost every country it would be foun^ that the 
state of this art at any particular time is a tolerably fair test of the degree of civilization 
to which its people had attained.—13. W. Baker. 

The potter’s art, in its more primitive forms, has been practised from the 
remotest of prehistoric times in various parts of the earth. Only a few peoples 
have been found to be unacquainted with the fictile art—e.j. the natives of 
Australia, New Zealand, and some Polynesian islands; the nomadic tribes of 
Siberia; the natives of the extreme south of South America, and South Africa; 
and of the north-western region of North America. The art as practised to-day in 
some parts of Africa represents a very early stage in the manufacture of pottery. 

Joml poUi‘,ry found in the soil of the country from Hanover to Thuringia, and 
Holieniia, vim once thought to grow naturally like truffles in the ground. J. Matthesius,* 
B. A. BalbinuH, and others luul no doubts and they quoted irrefutable proofs, if such 
were nee(le(i, that these pots, oUue Jogniles as H. A. Balbinus called them, were the result 
of nature a parturient forces. It was argued that to question the fact was nothing short 
of heresy j did not the X^salms (139. 16) refer to “ the ve-ssels formed within the earth ” ? 
It was some time before the sceptics were able to show that the oiler /ossties were really 
cinerary urns from the burial ground of indigenous tribes living in North Germany long 
before the Roman invasion. Those vessejs represent an early stage in the manufacture 
of pottery. According to L. von Lodebur, in 1838, about two thousand pamphlets and 
books had boon written on the cinerary urns of Germany. 

Fragments of fired bricks have been found by borings in the Nile basin. From 
their depth, and assuming that the rate of deposition of the Nile mud has been 
continuously the same in past times as it is at present, it has been estimated that 
the bricks are over ten thousand years old. The tombs of ancient Egypt,2 however, 
furnish the earliest definite evidence of a refining of the technique of this fictile art. 
Terra-cotta vessels, common to most primitive civilizations, have, been found in 
the tombs of Memphis, and these are estimated to belong to the period 5000 ,3000n.a 
The Egyptians practised the compounding of bodies, glazing, and cnamelUng long 
before these arts were acquired by any other nation. Scenes from Egyptian life in 
the period 3000-1700 n.c. have been found depicted on the walls of tombs at 
Thebes representing the making, Fig. 124, and the firing. Fig. 125, of vases in 



Fio. 124.—Throwing Pottery in Fio. 126.—Firing Pottery in 

Ancient Egypt. Ancient Egypt. 


ovens. Glazed earthenware, made in the period 3000-1700 n.c., has been 
found in the pyramid of Saggareh. The decorations of the temple of Tell-el- 
Yadouai, built by Bameses III, show that the potter’s art was well advanced 
between 1700 and 600 b.o. The Egyptian potter’s wheel is not essentially 
different from that employed to-day.' Actording to H. le Chatelier, samples of 
pottery from Saggarah (Memphis) show that the Egyptians made real porcelain. 
The description and analyses, however, agree better with the assumption that the 
pjttery in question was a more or less opaque glass. Some statuettes found in 
Egyptian tombs are usually thought to have been carved out of natural sandsto ne, 
and covered with a cupriferous sodium silicate glaze, H. le Chatelier assumes that 
the body was artificially made. There are several bibbeal allusions to the potter’s 
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art—e.j. Jeremiah 18 . 1-3. It may be added that the potter’s ovens depicted in 
Fig. 125 seem to be of a type similar to many of tllose used by the Romans; and 
these in turn pass by an easy transition to the intermittent ovens used at the 
present day. 

The bricks from Chaldean and Assyrian ruins show that these peoples were 
adepts at the work, but whether or not their knowledge was borrowed from 
Egyptian sources no ope can say. The mins of Nineveh and Babylon furnish 
bricks sometimes coloured with blue, grey, or yellow glazes. The traditions of the 
Assyrian potters seem to have stimulated the Persians, who acquired great skill in 
the art of glazing. The beautiful turquoise-blue cupriferous glaze of the Persian 
tiles has never been surpassed. The potter’s art was carried to Greece. The 
Mycenean pottery is referred to in Homer’s Iliad ( 18 . 560).* Although tho Grecian 
potters produced some magnificent ware, they did not specially develop tho 
methods of glazing so well employed by their neighbours, tho Persians. The term 
ceramic comes from Greece. The potteries of Athens were located at Keramis, 
and the inhabitants—mainly potters—were called KcrameLs.* The term ixramic 
thus came to be employed for the potter’s art; and by an easy transition tho term 
ceramic art was applied to tho clayworker’s art generally. In Pliny’s time, 
beautiful pottery was made in several towns both in Greece aud in Italy. Tho 
Roman potters wore stimulated by contact with tho Greeks, and are noted for 
the Etruscan ware made in Etruria, aud tho red rnrnian ware used for domestic 
purposes. • 

Tho secrets of the art of glazing ^ pottery passed from tho Persians to tho 
Arabians. The .Moors carried the art into Spain, and it then passed on to the 
Island of Majorca. This gave rise to tho name majolica—au old Tuscan name for 
tho island. A similar kind of ware made at Faenza, Italy, in tho thirteenth 
century, was called faience. The art of glazing pottery with plumbiferous 
and stanniferous glazes was practised in several places in Europe during 
the latter part of the Middle Ages, It has been suggested that in tho 
twelfth-century Latin work, I)e im'estigalicm magisterii, attributed to Geber, 
the instruction to evaporate a soln. of salt in vote lerreo 'plumhalo refers 
to an earthen ve.ssel coated with a plumbiferous glaze, Albertus Magnus, 
in the thirteenth century, in his l)e ahhymia, mentioned the use of red-lead 
for glazing pottery; in the fourteenth century, P. Bonus, in his Marganla pretiom 
(1330), spoke of the use of tin and lead oxides in this connection; and in the 
sixteenth century, H. Agricola gave some glaze recipes; while d. B. Porta indicated 
the use of lead oxide in making glasses to imitote precious stones. According to 
B. Laufer,® the production of glazes in Western Asia stimulated tho Chinese to 
develop the idea. It is probable that tho Chinese were making porcelain towards 
the end of tho sixth century, and they had attained a very high skill in the art 
during tho Tang, Sung, and Yuan Dynasties, 618-1367 A.I). The inqiortation 
of Chinese porcelain into Europe by Eastern traders acted as a great stimulus on 
the European potters. 

According to A. Foresi,^ the Venetian glass-makers imitated the Oriental 
ware by heating mixtures of an impure china clay, sand, and glass. R. A. F. de 
Reaumur likewise, in France, obtained an imitation by a sunilar method, and also 
by the devitrification of glass—porcc/atne par demtrijkaiion. This subject was 
discussed by W. Lewis, A. Dartigues, and L. B. G. de Morveau. The discovery 
of the mode of manufacturing porcelain pt Mqis^n early in the eighteenth century 
has been mentioned in connection with china clay. The two letters of Phre d’Entre- 
colles, a Jesuit missionary in the pottery district of China, reached Europe about 
this time. The first letter is dated Sept. 1, 1712. These letters contained some 
acute observations on the methods employed for manufacturing porcelain in 
China. The art gradually spread through Europe in spite of the elaborate pre¬ 
cautions at Meissen to keep the procedure a secret. The first clear description of 
the Meissen process was published by N. C. de Milly in his Vart de la porcelaine 
VOL. VI. 2 L 
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(Paris, 1771). Experiments oi) the properties of the materials were made by 
J. H. Pott, L. L. B. de Lauraguais, J. P. J. d’Arcet, B. Palissy, J. £. Guettard, 
P. J. Macquer, etc, W. Cookworth/s discovery of china clay in Cornwall, about 
1765, led to the manufacture of porcelain in England, about 1760. 

the remains of Celtic pottery, made in England in pre-Roman times, 
consist mainly of sepulchral urns, drinking cups, vessels for food, and incense 
pots. The Romans established potteries in Kent, Londou, Essex, Buckingham¬ 
shire, Dorsetshire, Wiltshire, Hamphire, Norfolbi Cambridgeshire, Lincoln¬ 
shire, Yorkshire, Shropshire, and Stafiordshire. The ware produced in the 
different districts had its own characteristics determined largely by the 
character of the local clays. A red ware, sometimes called English samian, was 
made in Staffordshire, and in some other counties. After the departure of the 
Romans, the potter’s art in England seems to have relapsed into its original 
barbarous state. The recovery was slow. About the middle of the seventeenth 
century, the importations of Oriental, Dutch, French, and German ware seems to 
have excited public taste and stimulated the curiosity of potters. The work of 
J. Dwight, J. 1’. and D. Elcrs, J. Astbury, J. Twyford, Josiah Wedgwood, etc., 
raised English pottery' to the highest degree of excellence, which has ever since 
been maintained. 

It is impossible to compile a set of mutually exclusive definitions of the various 
types of pottery, because one type merges into another by insensible gradations. 
Most types of pottery are made from mixtures of clay, felspar, and quartz. The 
right proportions of these components for the desired type of ware may occur 
naturally in the clays. Such clays are usually coloured buff or various shades of 
rod, and in the latter ease furnish the so-called terra-colta, red and buff flooring 
tiles, flower-pots, varieties of stoneware, etc. The ware may or may not be glazed 
with a plumbiferous or with a Icadlcss glaze, and certain colouring oxides may be 
mixed with the glaze to ini|)art to it a desired colour. Drain-pipes, etc., may be 
glazed by introducing sodium chloride in the fire-mouths of the oven or kiln near 
the finish of the firing operation. The salt partly decrepitates and partly volati¬ 
lizes ; and part is hydrolyzed by the steam. The final result is to cover the ware, 
exposed to the fumes with a glassy film— salt-glaze. 

For while pottery, the scarcer white-burning clays are used. In one of the 
simplest oases, the clay may be intimately mixed with about twice its w'cight of 
felspar, moulded into the desired shape, and fired. This furnishes the so-called 
parkn which has a translucent and vitreous body, and which may or may not be 
afterwards glazed. The body of English earthenware is made from a mixture of, 
roughly, Cornish stone, 15 ; flint,MO ; bail clay, 20 ; china clay, 30. The colour of 
ball clay when fired is objectionable, but the clay is used because it is highly plastic. 
The available china clay is not sufficiently plastic if used alone. The Cornish stone 
contains enough felspar to serve as a flux or matrix. When the moulded and dried 
Ware is fired in the biscuit oven in an oxidizing atmosphere to about 1100°, the flux 
acts as a cementing agent binding the whole into a durable body. The biscuit body 
may be decorated, in suitable designs and colours —underglaze iecoraliots—or it 
may be left white. The body is then dipped in a slurry or sbp in which the powdered 
glaze is suspended. The molar composition of the glaze approximates: 


u-irbO 

U-3CaO 

0-3{K,Na),O 


0-28AI,O,| 


SOSiO, 

O'SP.O, 


0’3(K,N 

0-7CaO 


lo-38Af,0, 


(3-8810. 

\0-9B,O, 


according as a lead or leadless glaze is required. Some of the substances used in 
compounding the glaze are fritted with suitable proportions of some of the other 
materials. Part or all the “lead ’’ may be included with the frit. The dried, and 
dipped ware is then fired in the gloat oven at about 1500°. The glazed ware may 
be decorated by painting or printing on the glaze with mixtures of fusible frits 
and metal oxides to give the desired colour—on-glnze decoration. The ware is then 
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ia muffles between 800“ and 900“. Glazed ware may also be gilded with a 
kind of lustre-gold or with a form of gold whicb! requires burnishing after being 
fired. Lustres may also be produced on the glaze by painting the glaze with 
bismuth nitrate, etc., suspended in a medium of oil, and afterwards firing. 

As previously indicated in connection with china clay, hard ■porcelain, porcelaine 
dur, otfelspathic porcelain, is made from a mixture of felspar, quartz, and clay in 
the approximate proportions 1:1:2. According to the analysis of W. L. Uowat,* 
the so-called Marquarl’s porcelain used for making pyrometer tubes, has the 
composition 3512 per cent. Si02; C3'20 per cent. Al^Oa; and 105 per cent. KjO. 
F. H. Riddle based a process of manufacturing these tubes on this analysis. The 
moulded and dried porcelain ware is baked at about 900“ usually by the waste 
heat from another oven. The baked ware is dipped in the glaze which approxi¬ 
mates in composition to felspar. The body and glaze are fired together u|i to the 
required temp., 1400°-1600“. The atm. is reducing, and this imparts a very faint 
bluish tinge to the white colour of the ware; if fired under oxidizing conditions, 
the colour is cream or pale yellowish-red. In some cases, the maturing temp, of 
body and glaze is lowered by mixing a small proportion of lime with the glaze and 
body; in rarer cases, magnesia is used. The effect of lowering the firing temperature 
of the body with additions of lime is to narrow the margin of safety between over¬ 
fired and under-fired ware. Some of the early porcelains had steatite for a flux, 
and the same flux, or its equivalent, is used as a constituent of the body of spark¬ 
ing plugs and some similar types of ware.. In the jasper body, barium sulphate 
or carbonate is used as a flux. 

The so-called soft porcehiin, porcelain lendre, or frilled porcelain, was once a 
speciality of the Sevres factory. The body was mitde from a calcareous marl 
admixed with an alkaline frit, and glazed with a plumbiferous glaze. Practically 
all the Knglish porcelain, or bone china, is made from a body containing rather less 
than 50 per cent, of bone ash in admixture with neatly equal parts of china clay 
and Cornish stone. The body is fired near to 1200“ in an oxidizing atm. There 
arc special phenomena connected with the decomposition of the calcium phos¬ 
phate when the ware is a little over-fired, if an excess of clay is present, or if 
reducing conditions obtain. A lead or Icadloss glaze is applied to tlie biscuit and 
tired at about 1050“. 

The silicate industries are usually concerned with certain reactions which are 
not allowed to pursue their full course, but which are arrested at definite stages of 
their progress. The success or failure of the industrial opetations is determined by 
the arrest being made at preci.sely the right stage. These arrested reacliom were 
discussed 4 . 31, In the dilfereni, kinds of pottery, the flux begins its work of 
di.s.solving the clay and quartz or flint in the vicinity of 1000°, and the speed of the 
action is greater the higher the temp. The result is that the particles of clay and 
quartz appear to be cemented together by a fel8i)athic or other glassy matrix. 
The change has not progressed very far in earthenware and similar types of body, 
but in the porcelainic bodies, the proportion of glassy matrix is so large that it 
makes the body appear translucent in moderately thick layer^. For the develop¬ 
ment of silliraanite crystals in pottery, vide aluminium silicate. 

A series of so-called vitreous bodies come between porcelain and earthenware. 
Those arc represented by the mortar bodies used in making Wedgwood-ware mortars 
and pestles ; graniie ware; ironsUme-china; sUme-ware, sanitary ware ; etc. 
The earthenware bodies are porous atgl abjoit liquids, the porcelain bodies are 
glassy with a conchoidal fracture and are virtually non-absorbent. Those vitreous 
bodies approaching the porcelain stage pass the so-called red-ink test in which a 
drop of red ink placed on the body can afterwards be washed off without showing a 
stain. The distinction between the bodies of different types of ware is perhaps as 
much a question of time and temp, of firing, as of composition. Otherwise expressed, 
the different bodies represent different stages of progress in an arrested reaction. 

In order that the firing temp, may not be inconveniently high, and the time 
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inordinately long, the proportion of fluxes may be augmented. No particular 
value, however, can be attached.' to proofs that a given type of ware is porcelainic 
solely because its composition is like that of any particular type of porcelain. ^ 
the clay-felspar-quartz (or flint) bodies become porcelainic with the right firing 
conditions. The margin of safety represented by the percentage loss in manufacture 
may be greater with some mixtures than with others. 

The measurements of some properties of what h^ been described as 
porcelain, probably refer to the less vitreous, morq porous earthenware. The 
colour of porcelain depends on the nature of the atm. which obtains in the 
oven at different stages of the firing; and on the porportion of contained iron 
oxide. The effect of the small proportions of titanic oxide usually present 
in clays is not appreciable. A very small proportion of lime reduces the 
tinctorial power of iron oxide. The colour can be controlled by using blue smalt 
or its equivalent to mask the yellow colour produced by iron oxide in an oxidizing 
atm. K. H, Reichau, and others, have studied the minute structure of porcelain 
-OTifc sillimanite. The specific gravity of the porcelain body tired to about 
700“ is 2'60-2'62, but when fired at higher temp., the sp. gr. falls to about 2'3. 
This was shown by A. Laurent,i“ G. Rose, etc. A. V. Bleininger and J. K. Moore 
studied the sp. gr. of porcelain. The hardness of porcelain is nearly 7, and that of 
the glaze nearly 6. S. L. Bigelow measured the permeability of unglazed porcelain 
(earthenware) for liquids at different temp, and at different press.; and S. L. Bigelow 
and E. E. Bartell estimated the size of the pores in porcelain (earthenware). 
H. le Chatelier also made observations on the porosity. A. V. Bleininger and 

J. K. Moore studied the porosity of porcelain. Glazed porcelain should be imper¬ 
meable to gases at temp, as high as 1300°. A. V. Bleininger and P. Teetor measured 
the viscosity of different porcelain bodies between 1100° and 1320° in terms of their 
deformation under tensile strain. According to R. M. Friese, and R. Riekc hard 
porcelain has a tensile strength equal to about 1000-2000 kgrms. per sq. cm. 
II. le Chatelier reported some measurements of the tensile strength. K. Rieke 
found china clay increased and felspar decreased the tensile strength of porcelain. 

K. Rosenthal studied the effect of composition on the crushing strei^h of porcelain. 
R. M. Friese, and R. Rieke found that the crushing strength is about 4000-5000 
kgrms. per sq. cm.; the compressibUity coeff., lAxlO”* or rSxlO'^*; and the 
elastic modulus, 54,(XX>-71,0(X) kgrms. per sq. cm. H. le Chatelier reported some 
measuroraeuts of the coeff. of elasticity. The velocity o! sound in porcelain 
approximates 5000 metyes per sec. Many observations have been made on the 
thermal expansion of porcelain. H. St. C. Deville and L. Troost found the coeff. 
of cubical expansion of porcelain t« be between O'OOOOIC and 0'000017 between 0° 
and 1600°. L. Holborn and W. Wien gave for the coeff. of linear expansion 0 0544 . 
H. C. Purdy and A, P. Potts found the coeff. of expansion ranged between O O 525 
and O'OsOu. A. Weinhold gave 0 05269 between 0° and 100°; F. Henning, 

O O 5 I 77 between —191° and 16°; 0'05336 between 16“ and 250°; 0 O 53645 between 
16° and 500°; and O'OslfflO between 16° and 1000°; and A. E. H. Tutton O O 52522 
at 0°; 0-053266 at 60°; O OjlOOS at 100°; and O O 54305 at 120°. This shows that 
the higher the temp, the greater the coeff. of thermal expansion. T. G. Bedford 
gave (3-425-l-0-00214fl)10-'* up to 830°; and L. Holborn and E. Griineisen found 
for two different samples (3-027-f0-0011776)10^, and (3 188-1-0-000366)10“® up to 
625°. R. Rieke observed no relation between the composition and thermal 
expansion. Observations were also.mpde by L. Holborn and co-workers, K. Scheel, 
H. le Chatelier, E. Damour, M. Coupeau, and M. Chantopie. T. G. Bedford gave 
for the linear expansion at 6° between 0° and 600°, l=i|,(l -(-0-034256-t-O OglOld-^); 
and for the cubical expansion, v=t)o(l-p0-04l02756-(-0-0832462). F. Singer and 
E. Rosenthal gave for the linear coeff. of BerUn porcelain O OsHl between -191* 
and 16°; O-O 5366 between 16° and 250°; 0-053646 between 16° and 600°; and 
O-O 5434 between 16° and 1000°. Porcelain from other sources gave 0 06269- 
O-O 54305 from 0°-100°. R. Rieke also gave O-O 5343 between 23° and 200°, and 
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OO 5366 between 23° and 700°. J. W. Mellor found that the higher the firing 
temp, of floor-tilee the smaller the coeft. of thermal expansion, and G. Vogt., and 
R. Riehe made a similar observation with respect to porcelain. R. Rieke found 
that the coefi. of expansion is lowered by increasing the proportion of felspar and 
lowering the quartz or flint, and keeping the clay constant. The expansion coeff. 
of porcelain is smaller than that of glass, and in consequence, such porcelain rcsist.s 
abrupt changes of temp, better than glass—wife supra, clays. The thermal con- 
dnetinty of porcelain fs about 0 04 when that of silver is 100; and the conductivity 
on the absolute scale is 0'^. The thermal conductivity increases with a rise of 
temp.—uide supra, clays. W. Steger found the mean specific heat of porcelain 
between 20° and 200° to be 0'202, and between 20° and 400°, 0 221. J. A. Ilarker 
gave between 15° and 912°; 0'2563 between 15° and 9.58°; and 0'2.5,‘i9 between 
15° and 1075°. F. Singer and B. Rosenthal gave 0'202 from 20°-200‘’, and 0’221 
from 20°-400 — vide supra, clays. W. Steger diseus.sed the translQCency of 
porcelain. D. Hofmann, J. H. Pitt, and G. de Razoumowsky noted the 
triboluminescence of porcelain. 

The electrical conductivity of porcelain at ordinary temp, is e.xtremely small. 
The temp, coeff. is large and [xisitivo. (1. Fossereau found that the electrical 
resistance approximates 215 X lot megohms at 50° and 051 megohms at 210°. 
The subject is important in the manufacture of insulators for high-tension currents. 
As the temp, rises, the resistance decreases rapidly. H. F. Haworth gave for the 
sp. conductivity c of porcelain at different tem|). 
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F. Haber and co-workers found that the conductivity of porcelain is apjireciable 
at .'!IX)°, and at higher temp, it conducts cicctrolytically, and it is therefore decom¬ 
posed by the current. M. Pirani and \V. von .Siemens represented the relation 
between the resistance jR and the absolute temp. T by log Ii!-..-a-i hT~', where 
0 and h are constants dependent on the tyiie of 
porcelain in use. One sample had a resistance 
of 1'098 megohms at 613°, and 68,7(Xl ohms at 
900''; while another had a resistance of 100,000 
ohms at 727°, and 34(XI ohms at 1292°. 

R. G. Allen found the results indicat,id in 
Fig. 126 for two samples of electric porcelain. 

Observations have been reported by W. Dietrich, 

F. Flcischmann, G. Stade. G. llenischks, 

E. Rosenthal, A. V. Bleiningcr and co-workers, 

B. S. Radeliffe, E. F. Northrup, E. F. Earhart, 

A. V. Henry, E. Watkin, F. H. Riddle, 

F. Wernicke, H. F. Haworth, .1. Lustgarten, 

W. D. A, Peaslee, T. M. Fedcr, L. E. Barringer, 

E. E. T. Creighton, etc. Good insulators may 

deteriorate with use, and what appears a non-porous body may acquire a certain 
porosity. W. D. A. Peaslee attributes this to a piezoelectric effect in the quartz 
grains which have not been dissolved by the vitreous magma of the body in the 
firing. The alternating electrostatic field sets up a kind of vibratory movement in 
the crystals which may rupture them along the cleavage planes, or along the lino of 
contact of the crystal with the surAundfng* magma. R. M. Priese found the 
didectric constftot of porcclAin to be between 4'5 and 5'3. H. F. Haworth gave 
for the capacity K, of porcelain in microfarads at different temp.: 
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R. Rieke observed no relation between the dielectric strength and the composition 



518 INOBGAJftC AND THEORETICAL CHEMISTRY 

of porcelain. A. S. Watts found that the punctOM voltage of vitreous bodies, the 
so-called electrical porcelain, varies but little with the composition or matur¬ 
ing temp, of the body. E. Rosenthal studied the influence of composition 
on the puncture voltage. A. S. Watts found that the resistance to puncture is 
much less when porcelain is under-fired than when properly vitrified. C. E. Hen¬ 
derson and 6. 0. Wcimcr observed that raising the temp, from 24°-525° lowered 
the puncture voltage from 60,700-20,000 volts. The properties of porcelain for 
high-tension insulators have been discussed by M. F. Dahl, efc.'i 

Porcelain, if not thoroughly vitreous, or well glaze'd, may be pervious to gases 
and air, J. Priestley drew some wrong conclusions on the conversion of water 
into air by not allowing for this fact pointed out to him by J. Wedgwood. 
C. H. Pfalf discussed tlu! permeability of retorts to gases. The fact that solid 
carbon diffuses into porcelain crucibles and cups has been established by the work 
of J. Violle, and S. Marsden. Porcelain is fairly resistant towards chemical re¬ 
agents ; and the glaze of hard porcelain is usually more resistant than glass. 
Acids other than hydrofluoric acid have but a slight action. The evaporation of 
hydrochloric acid soln. in glazed porcelain basins day after day causes an appreci¬ 
able erosion; alkaline soln. attack rather more quickly than acids. A. Emmcrling 
studied the action of water, dil. hydrochloric acid, aq. ammonia, soln. of ammo¬ 
nium chloride, etc,, on porcelain glazes —vide glass. Fused alkali hydroxides and 
carbonates and lead oxide attack ])orcelain quickly producing, in the former case, 
a mass readily decomposed by acids. Porcelain is attacked by heated phosphoric 
acid, and more so by hypophosphoroiis acid. H. von Wartenberg found that many 
metals in a reducing atm. attack porcelain above 12(X)°, forming .silicon and silicides; 
hydrogen alone above this temp, also forms silicon ; and chlorine attacks the iron 
silicates in porcelain: 3 Pe 2 Si 04 -f.‘)Cl 2 — 2 FeCT,+Fe 4 (Si 04 ) 3 . ' W. Nernst and 
H. von Wartenberg found that water vapour also attacks the iron in porcelain 
above 12(K)°. 
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§ 37. Glass 

The manufacture of glass appears to have originated in Egypt. It is possible 
that the glass industry developed from the art. of glazing pottery. Egyptian 
pottery was first glazed with the idea of making vessels water-tight and durable ; 
and the glaze was afterwards employed for producing decorative effects. This 
view of the origin of glass appears to have been taken by H. B. Walters,! W. Frohner, 
6 . Porrot and 0. Chipicz, A. C. Kisa, etc. How glasses or glazes came to be dis¬ 
covered is unknown. In the first century of our era, tliny, in his Historia natumlis 
(86. 65), related the following story: 

A ship laden with nitrum was moored beside the river Belus, in Phcenioia, and the 
merchants preparing their food on tiie sea-shore, used some lumps of nitre from the vessel 
to support their cooking-pot over the lire. The heat from the Are melted the nitrum, 
which oorabining with the sand formed transparent streams of on unknown liquid. This 
was the origin of gloss. 

Modified versions have been repeated by B. Palissy, A. Ncri, etc. J. Beckmann 
discredited the legend, although there is nothing improbable in some such mode of 
discovery. According to J. du Halde, the Chinese made glass in the district of 
Ycn-Tsching from very early times. 

The ancient writers attributed the discovery of the art of making glass to the 
Phoenicians, but excavations in Egyptian tombs have shown that the Egyptians 
must have been adept glass-makers lopg before the Phoenicians practised the art. 
This indicates that the Phoenicians were probably distributors of Egyptian glass 
before their own factories were established at Sidon. In the work cited above, Pbny 
said that glass was made in Italy, and in the Gallic and Spanish provinces, by 
fusing sand with three times its weight of nitre; and he added that in India rock- 
crystal was used in place of sand. Bases other than the alkalies are needed to make 
the glass resist rapid attack by moisture. These might have been added deliber¬ 
ately, or brought in as impurities with the sand or alkalies. Pliny also mentioned 
that there were reports of a viirum fieahU—mdkahle glass—vide 6. 33, 1. This 
recalls the Delhi flexible sandstone--i)Mic supra. Pliny wrote: 

It is said that in the time of Tiberius, a combination was devised which furnished 
malleable or flexible glass; but the workshop of the artist was totally destroywl in order 
to prevent the value of copper, silver, and gold fi-om being deprociate<i Thm report, 
however, was for a long time more widely spread than well authenticated. 


Representations of the processes of glass-making are depicted on the, walls of 
the tombs of Ben-Hassam near Thebus, 3(0f-17OO B.C., Fig. 127. These tombs 
< also contain vessels, etc., showing that the 
artisans were not only acquainted with the 
making and working of glass, but also with 
the colouring and cutting of glass in imita¬ 
tion of the precious stones. F. M. de 
Rozihre also found samples of coloured glass 
in early ^yptian tombs. W. M. F. Petrie 
collected at Tell-el-Amarna specimens 
illustrating all stages of the process of 
glass-making about 1400 B.o. F. Rathgen 
gave analyses of antique Babylonian glass. Theophrastus, in his Ilepl Xl$m>, 
about 300 B.C., mentioned the colqration q( glass by copper; and in his Clouds, 
Aristophanes referred to a glass-lens used as a burning glass. From Cicero, it 
would appear that glass from Egypt was greatly prized by the Romans; so much 
so that when Augustus subdued Egypt, 29 b.c., a portion of the Egyptian tribute 
was ordered to be paid in glass. At the time of Tiberius, Egyptian workmen were 
imported to Rome, and Roman glass rivalling that from Egypt was soon obtained. 
Works were also established in Italy, France, and Spain at an early date. In the 
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second century, H. Philo, in his legatione ad Caicum Cdiguhtm, alluded to the 
use of translucent stones as windows in the halls ^nd chambers of the emperor’s 
palace, and in the fourth century, L. C. Lactantius, in his De opijicio Dei, mentioned 
the use of glass itself for windows. It is therefore probable that about the third 
century glass was employed in the construction of windows; but, according to 
L. Dutens,^ the excavations of Pompeii, near Naples, show that at that time les 
saUes de bain ^laient garnm de fenSlres en rerre aussi belles que Us tidlrcs. After the 
fall of the Roman Empire tlje manufacture of glass was taken up in Bysantium 
(1. 1, 12), where it flourished for about five centuries. The fall of the Eastern 
Empire was attended by the migration of the glass-makers to other parts of Europe. 
Many were attracted to the Venetian Republic, and the Venetian glass became 
famous throughout the civilized world. • 

In the early Middle Ages, glass-making was taken up in Germany ; and in his 
De re melalUea (Basiliffi, 1546), G. Agricola gave a drawing of a glass-furnace; and 
shortly afterwards J. Mathesius, in his Sarepta (Nttrnborg, 1562). described the 
practice employed in Venice, Germany, and Bohemia. A. Ncri 3 published a number 
of recipes in 1612, and some years afterwards this work was elaborated by 
J. Kunckel. 

The factories in different localities acquired fame for some peculiarity in manu¬ 
facture ; the Bohemian manufacturers, for example, excelled in the production of 
colourless glass rivalling that from Venice. The manufacture of glass in Bohemia 
suffered a relapse owing to the heavy impprt duties levied against it, and the 
inducements held out to Bohemian workmen by foreign eountries. Both the 
Venetian and Bohemian glass industries were revived in more recent years. The 
manufacture of the better types of glass in France, commenced in the, eighteenth 
century in factories erected first at Paris and then at St. Gobain. The latter is now 
famous for the manufacture of plate-glass. According to H. J. Powell, it is 
possible that during the Roman occupation a lew beads, small cups, and bottles 
were made in England; but the resemblance of the scattered vessels and frag¬ 
ments of vessels to those found elsewhere makes it probable that there were only 
a few centres of glass manufacture in the Roman empire, and that tlu^ vessels 
were distributed from these to various parts. Glass was manufactured in England 
in the thirteenth century, for the industry was in existence at Chiddingfold, Surrey, 
in 1226. The south-eastern counties—Surrey and Sussex in particular—were 
favourite s))ots for the native glass-makers froiri the thirteenth to the sixteenth 
centuries. Glass was manufactured in Russia in the sevqfiteenth century; and, 
in the Dinted States, near the begintiing of the nineteenth century. 

Theophilus, in the latter half of the elevenVi century, related that, in Italy, 
flint glass was u.sed for imitating gem-stones, and added that the Jews were engaged 
in the manufacture of the.se imitations. Towards the end of the eighteenth century, 
J. Strasser, of Vienna, was famous for his skill in this work. He made a flint glass 
very rich in lend, and of high refractive power and sp. gr., which was called strass, 
and which was tinted with the necessary colouring oxides— e.g. 0'8 jicr cent, of 
chromic oxide to imitate the emerald; a mixture with 0'8 per cent, of manganese 
oxide, 0'5 cobalt oxide, and 0'2 giJI purple, to imitate the amethyst. A. B. Kyley, 
in his Old Paste (London, 1913), has discussed this subject. 

Ordinary glass is a fused mixture of silicates of the alkalies and alkaline earths 
which has congealed without crystallization. The molten mixture on cooling 
passes through various stages of viscosity, until, when cold, it furnishes a hard 
and brittle solid. There is no sign of a f. jl. on flie cooling curve (1.9,6). The simple 
silicate of potassium or sodium, or a mixture of the two, even when a large pro¬ 
portion of silica is present, is attacked by water and acids; so also is calcium 
silicate glass. A mixture of alkali and calcium silicates is fairly fusible, but under 
ordinary conditions it furnishes a glass which resists the action of water and acids 
very well, and this the more the greater the proportion of silica and alumina which 
may be present. For special purposes, the calcium silicate may be wholly or 
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partly replaced by other silicates—e.y. those of barium, lead, magnesium, zinc, 
Uthium, didymium, arsenic, antimony, etc.—and the silica may be in part replaced 
by boric oxide, phosphoric oxide, etc. For lead glasses, see pottery glazes, and 
1 ^ silicates. 

The more ^common types of glass are represented by (i) soda-lime glass with 
71-78 per cent. SiOj; 0 - 2 , KjO; 12-17, Na 20 ; 5-15, CaO; and 1-4, AI 2 O 3 
-I Fe^Oj. It fuses at a comparatively low temp., and can be easily worked. It is 
used in making glass tubes, laboratory apparatus, windofr glass, and plate-glass. 
In the latter case it is called crown glass; (ii) potash-time glass, also called Bohemian 
glass, with 72-76 per cent. Si 02 ; 12-15, K 2 O; 0-3, Na 20 ; 8-10, CaO; and 
about one per cent, of AI 2 O 3 -)- Fe 203 . It fuses at a higher temp, than soda-lime 
glass, and it is used for jnaking chemical apparatus, combustion tubes, etc. 

Common hottle gloat is usually coloured yellow, brown, or green owing to the presence 
ol a relatively high proportion of ferruginous and other impurities. The composition 
approximates; 60-05 per l ent. SiO,; 3-6 per cent, alkali oxides; 18-20, CaO ; and 
6-il, A1,0,H-Fej0,. 'J’he raw materials used in the manufacture of this glass are not 
selectofl with such care as is the case with other types. Common sand; wood-ashes; 
by.piXKlucts from the alkali-works, soap-works, and gas-works; common salt; salt- 
cake ; and felspathic ro<;ks represent some of the cheap raw materials which have been 
used. A. iC Gehlen * discussed the use of Glauber's salt as a source of the alkali. 

A third type of glass is represented by the potash-lead glasses, and jlinl glass. 
Such glasses have 40-50 per cent. SiO.,; 8-11, K 2 O ; 28-53, PbO; and about 
one per cent. Al 203 -|-Fe 203 . Thesft glas.scs are very fusible and easily worked. 
Owing to the ready reduction of lead silicate to metallic lead, the heating of these 
glasses must be done in an oxidizing atm. The sp. gr. and index of refraction of 
these glasses are greater than is the case with the other types of glass. This glass 
is not suitable for laboratory apparatus, but it is employed for articles in common 
usi;, table glass, etc. In the so-called crystal, a higher proportion of lead is intro¬ 
duced. This glass is used for optical purposes. In strass, mentioned above, a still 
higher proportion of lead is added. 

The so-called hnro-silicaie glasses have many special applications; such a glass 
is used for making high-temp, thermometers. The so-called Jena glass has zinc 
and barium oxides as l)a.soa; it is specially resistant towards water, and is used 
for laboratory beakers and flasks. A boro-silicate glass, free from alkali, but with 
zinc, barium, and aluminium oxides as bases, is used for photographic objectives. 
A pltosphalo-silifate glass, with alkali, baryta, and alumina as bases, is used for 
microscopic objectives# L, M. Dennis and A. W. laiubengayer made glasses xeith 
germanium oxide in jdacc of silica. Glasses are thus made with the idea of enhanc¬ 
ing particular properties— e.g. rcfeactive index, resistance to attack by particular 
liquids, transparency or opacity to particular parts of the spectrum, resistance to 
abrupt temp, changes, high softening temp,, etc. Much attention has been 
devoted to the so-called optical glasses.® An extraordinary niunber of analyses of 
ancient and modern glasses has been reported.® The analysis of a glass, plus an 
elementary knowledge of the available raw materials, soon enables the practician 
to imitate any particular glass; it may, howerar, take the workmen a longer time 
to master the idiosyncrasies of the imitation in order to make its manufacture a 
commercial success, E. Zschimmer, and G. W. Morey discussed the classification 
and nomenclature of glasses, glazes, and enamels. 

The manufacture of ordinary glass is comparatively simple. Glass is made by intimately 
mixing the raw materials requir^ t» give thy desir^ composition. The mixture may or 
may not bo exposed to a low temp, to drive o£f moisture, oto., likely to cause spitting and 
frothing, in the subsequent melting of the glass. The mixture is then placed in large 
onioiblee made from fireclay, and called glaaa-pola. These are arranged on ledges in a 
circular or oblong furnace, and exposed to a steadily rising temp, until the mass is free 
from bubbles, streaky patches, quartz granules, etc. The scum or glass-gall is skimmed 
off. A portion of the molten glass is gathered at one end of an iron rod and blown into 
the required shape. The glass vessels are annealed by slow cooling, or by reheating them 
in an annealing furnace or lehr. The melting of the glass may be done in a tank-furnace. 
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which is an adaptation of the reverberatory furnace. The heat is applied by gaseous fuel 
on the regenerator principle. The automatic blowing machines for shaping glass bottles 
are a triumph of mechanical skill. • 

These and related subjects are discussed by H. Benratli, Die OlaefabrilcatioH (Braun¬ 
schweig, 1875)! F. Tscheuschner, Bandbuch der Olaefahrikation (Leipzig, 1885) j R. Gemer, 
Die C^Jabrikat^ (Wien, 1897); R. Dralle, Die Olaefahriktttion (Munchon, 1911); 
R. Muller, Chemiiche Technologic dee Olates (Leipzig, 1911); F. W. Hodkin and A. rouson, 
A Textbook of Olaet Technology (London. 1926). 

In spite of the most ^areful selection of the available raw materials, sulHcient iron 
oxide is usually present to impart a pale yellow tinge to the glass matured in an oxidizing 
atm., or a palo green tinge in a reducing atm. Pliny, in his Bietorio naturalie (88. 28, 
c. 77 A.D.), spoke of the use of magnee lapie in making glass, and J. Beckmann ^lieves 
that a manganese ore is hero implied; while experimenting on the effecta of different 
oxides on the colour of glass, it must have been noted that when a very small proportion 
of magnee lapie was employed, the yellow colour produced by iron was maskeri and a 
colourless glass obtained. Proportions of manganese oxide in e-xcoss of those required to 
mask the yellow tinge of iron give violet-reds and browns. Selenium comimunds for the 
purpose of bleaching the yellow tinge of iron have been used in recent years. 

In addition to ordinary, clear, colourless, transparent glass, and glasses with 
special colours for arresting particular kinds of rays from transmitted light, there 
are glasses stained with particular colouring oxides for ornamental effects. Thus, 
cobalt oxide dissolved in glass imparts a fine azure-blue.; cop|)cr oxide in alkaline 
glasses gives a turquoise-blue, and in many gla.sae8 an emerald-green, both under 
oxidizing conditions. The ruby-red colour obtained by the use of very small 
proportions of copper oxide under reducing conditions, and the ruby colour obtained 
by the use of gold, have been described (3. '23, II). A green and a red colour is 
obtained by means of chromic oxide. Manganese oxide furnishes a series of pink 
and violet colours in alkaline glasses and under oxidizing conditions ; and in other 
varieties, manganese oxide produces a brown colour. A kind of Naples yellow is 
obtained by the use of antimony oxide, by the use of silver salts, and by iron oxide. 
Under reducing conditions, iron oxide may give a green colour; while under 
oxidizing conditions a reddish-brown, blood-red, or yellow colour may be obtained 
with ferric oxide. J. C, Hostetter and H. S. Roberts discussed the coloration of 
glass by iron oxide. K. Fuwa studied the yellow colours obtained with ceria. 
H. le Chatclier and P. Chapuy found that with glazes didymiiim oxide gave green, 
blue, or violet colours in a reducing atm.; erbium, violet or blue, in a reducing atm., 
and green or red, in an oxidizing atm.; lanthanum, violet or blue, in a reducing 
atm.; neodymium, violet, blue or green, in a reducing atm,; thallum or thorium, 
blue or green, ih a reducing atm.; vanadium, blue, green, or yellow, in an oxidizing 
atm.; titanium, violet, blue, or green, in a reducing atm., and yellow or red, in an 
oxidizing atm.; molybdenum, blue or violet, in a reducing atm.; and tungsten, 
violet, blue, yellow, or red, in a reducing atm. A. Granger obtained a yellow with 
tungsten oxide, in an oxidizing atm. K. Fuwa has reported on the colours produced 
by manganese, antimony, molybdenum, chromium, tungsten, and vanadium 
oxides; S, D. Whitmer, F. K, Pence, 11, Wicks and J. W. Mellor, and T. Perry, 
by nickel oxide ; and K. Fuwa, and T. Cohn, cobalt and eopiier oxides. Sul))hide 
impurities in the glass were shown by D. ('. Splitgerber, E. Grieshammer, and 
R. Zsigmondy to produce a yellwv colour, Thomas Aquinas, in his De me, el 
eseenliu mincralium, described a mode of preparing artificial topaz by using smoke 
obtained by placing a piece of aloe-wood over the pot in which the glass was melted. 
Selenium and cadmium oxide may give a red or yellowish-red colour to alkaline 
glasses, and for marking the coloration due to iron oxide. The selenium-red has 
been discussed by F. Kraze,^ P. FenarMi, K ftankl, and 0. Witt; the effect of 
tellurium, by P, Fenaroli, and of bismuth and stannic oxides, by K. Fuwa. Com¬ 
bination tints may be obtained by using a mixture of oxides in the right proportions. 
A black glass is obtained by using a mixture of iron, copper, chromium, and man¬ 
ganese oxides in suitable proportions. The so-called opaque-white glass, or milk- 
glass, is translucent, and the opacity is produced by undissolved particles of calcium 
phosphate, tin oxide, sodium antimoniate, zircouia, or other suitable opacifying 
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agente. Matte efiects are produced by a sand-blast, or by etching with hydrogen 
flnotide in aq. soln. or as a ga^. 

F. Leydolt ® found that when the surface of clear, apparently homogeneous 
glass is etched with cone, hydrofluoric acid, and examined microscopically, evidence 
of crystalline formations can be detected. W. Jackson and E. M. Rich made 
similar observations; and H. E. Benrath said: 

Eemembering that the content o( silica in commercial glasses is very variable, and 
that at a higher temp, more of this acid can be taken than can be retained by the 
glass as the toinp. falls the furtlier, felspathic minerals may bo taken up and again separated 
by a molten glass; finally, also sulphates, phosphates, borates, metallic oxides, and metals 
(gold) may enter into the constitution of glasses, it would appear that these facts allow 
of no other explanation than that commercial glasses are quickly solidified soln. not only 
of different silicates in each other, but even soln. of basic oxides or silica and the ether 
salts and metals, in molten silicate. Whether in all glasses some fundamental silicate, a 
compound—say, Na,O.Ca0.fiSiO,, or NajO.CaO.tSiO,—is to ho taken as the solvent or 
not, must remain a question so long as nothing more is known than at present; yet many 
of the observations appear to speak for such an assumption. 

J. B. A. Dumas regarded glass as an indefinite mixture of definite silicates; 
W. Jackson and E. M. Rich powdered various commercial glasses, and separated 
the fractions of different sp. gr. by flotation in methylene iodide, or by elutriation. 
In both cases the fractions had a different composition. They therefore concluded 
that glass must bo considered to bo a mixture of various silicates and oxides more 
or less homogeneous according to the method of manufacture. In ordinary crown 
and flint glass the mixture is sufficiently imperfect to allow the constituents to be 
readily separated by grinding; but the optical glasses show a much greater degree of 
homogeneity. All this means that the congealed soln. of silicates (1. 9, 6) known 
as glass is not nece.ssarily homogeneous. This may be largely due to the difficulty 
in adequately mixing such viscid soln. L’andogie du vene aixe um gdk was 
discussed by P. Bary, C. Doelter, M. W. Travers, and A. Silverman; and the col¬ 
loidal chemistry of glass by R. G. Liesegang. G. Quincke applied his theory of 
foam cells (1.11,4) to the struetiire of glass. T. T. Smith and co-workers found in 
optical glass a difference of ± 2 in the fourth decimal between the indices of refrac¬ 
tion of the stri® and the rest of the glass. L. N. G. Filon and F. C. Harris’ experiments 
on the elasticity of glass indicated a two-phase system. H. Ic Cbatelier believed 
that above 800°, glass is in a different “ allotropic ” state from glass below that temp. 

N. Seljakoff and co-workers regard gla.ss as an amorphous uiidercooled liipiid. 

C. Zulkowsky reported that for a good serviceable glass, the relation of acids 
to bases should form ap'proximately a trimctasilicate— f.g. KO.SiO.O.SiO.O.SiO.OK. 

O. Dralle could not confirm this. ,W. L, Baillie recommended a modification of the 
hypothesis. W. and D. Asch applied their hexite-pentite hypothesis to glasses, 
assuming that they are all chemical individuals. H. Fritz, F. Cedivoda, and 
0. Inwald discussed the formation of phosphate gasses without silica. 

The various physical properties of glass naturally depend on the composition. 
Attempts to correlate the physical properties of glass with composition have given 
only empirical results. The results of much German work on the subject is sum¬ 
marized in H. Hovestadt, Jermr Glas und mine Verwendung in Wissenschaflen und 
Teehnik (Jena, 1900; London, 1902). Observations were made by J. W. Dbbe- 
reinor,® W. H. Harcourt, B. Zschimmer, E. W. Tillotson, etc. 8. Salpctcr examined 
the properties of different glasses in the light of the periodic law. The specific 
gnnty of alkali-lime crown glass is between 2 4 and 2'6; that of alkali baryta 
glass. 2'4-3'6. M. Faraday prejia'red flint gloss with a sp. gr. 5 44, and the sp. gr. 
of flint glass may be as low as 2’9; and that of alkali-lead glass between 
3 0 and 3'8. A. Lamy, and 0. Schott prepared a thallium-lead glass of 
sp. gr. 418. K. Schall found for the sp. gr. of light crown glass, 2'49; 
phosphate glass, 2'58; crystal glass, 310; bariiun phosphate glass, 3’35; 
light flint glass, 3-44; heavy flint glass, 3-63; very heavy flint glass, 4‘91; and 
the heaviest flint glass, 6'33. The sp. gr. of glass is primarily dependent on its 
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composition, and attempts have been made to find a relation between the two. 
A. Winkelmann and 0. Schott found that if . . . represent the percentage 

amounts of the several ojddes present in gloss, and jj, Sj, * 3 , . . . the sp. gr. 
constants, then, the sp. gr, of the glass, S, is 100 /iS=Oj/zj-j-aj/j 2 -fos/j 8 + . • • 
The sp. gr. constants are not the same as the sp. gr. of the individual oxides because, 
if these are employed, the calculated values of S are smaller than the observed. 
Consequently, the total vol. is diminished by combination. They showed that the 
above formula is approximatcjy fulfilled by taking the following values of z : 



SiO, 


ZuO 

PbO 

UgO 

Al,0, 

z . 

. 2-3 



11-0 

3*8 

41 

sp. gr. . 

. 217 

l-4() 


y:i2 

3-40 

3-85 


ASjOj 

BaO 

NftjO 

K,0 

CaO 

Uh 

2 . 

. 41 

7-0 

2-« 

2-H 

3-32 

2-55 

Sp. gr. . 

. 4 01) 

5-0 

2 riri 

2-GO 

315 

2 3H 


C. J. Peddle studied the sp. gr. of the Si 02 -Na 30 -K 20 , binary and ternary 
glasses, of the Si 02 -t'aO-Na 20 or KjO glasses; Si 02 -Ba 0 -K 20 - or Na 2 t); and of 
the Si 0 -Pb 0 -Na 20 or K 2 O glasses. J. R. Clarke and W. E. S. Turner measured 
the sp. gr. of the lime-soda series of glasses. E. W. Tillotson found the additive 
rule for lime-magnesia glasses, lithia-baryta glasses, and lithia-lime glasses works 
better with the factors Si 02 , 2'3; CaO, 4T ; MgO. - 10 ; BaO, 7'0 ; Li 2 (), 3'7 ; 
and AI 2 O 3 , 2'75, than with A. Winkelmann^and 0. Schott’s factors. S. English 
and W. E. S. Turner investigated the sp. gr. of the soda-lime glasses, soda-magnesia 
glasses, soda-magnesia-lime glasses, and aluminous and boriferous glasses; and 
W. L. Baillie examined the subject and proposed another set of factors. These 
factors are all purely empirical; and they must be dependent on the working 
conditions because each worker recommends his own set of factors, but in practice 
uses the observed data. 

F. Auerbach has measured the pressure-hardness of glass, and obtained 
nmnbers in agreement with II. Hertz’s formula, 12pe/d^A' —(1—tr), where p ilcnotcs 
the mutual press, between a plate and a lens with a radius of curvature, e; d, the 
diameter of the surface of contact; a, the clastic modulus or Poisson’s ratio; 
and E, Young’s modulus. It U denotes the absolute hardness of the glass; «j, « 2 , 
« 3 , .... the percentage amounts of the several oxides in the glass ; and ji, 
y-i, . . the hardness cooff. of the several oxides, then 1 “sVs 

1 . . ., when , 

SiO, B,0j ZnO no AIjO, BaO .Na,0 li,0 CaO r,0 

J/..3-32 0 75 7 1 1-45 10 3 1'95« - 2 OS 3 0 « 3 1-32 

J. R. Rydberg, C. Benedicks. J. Schneider, and 0. Schott studied the hardness of 

glasses; and F. Auerbach also determined the scratehing-hardness of glass, but 
observed no regular relation between the two forms of hardness. A. Lecrenier 
concluded that soda glasses aro usually harder than silica glasses containing an 
equal vol. of silica; with lime-soda glasses, the hardness increases with increase 
of lime and decrease of soda; boric oxide imparts great hardness to glass; and 
the addition of soda and lime to lead glasses increases the hardness. 

K. Arndt found the viscosity of gla.ss at 1050° to be 36 0 (water at 20°= 0 01); 
at 1100°, 17 0; and 1200°, 12 0. A. L. Field found that the temp.-viscosity curves 
of blast furnace slags always approximate to a rectangular hyperbola, and that 
replacing lime by magnesia lowers thc'viscdhitj' at all temp. Alumina did not 
decrease the viscosity at high temp. F. Farup and co-workers found that 
increasing the alumina and silica decreases the viscosity. F. T. Trouton and 
E. 8. Andrews gave 0 0 i 2 ll for the viscosity coeif. of a soda glass at 675°; 0‘Oio23, 
at 660°; and 0-0,45, at 710°. 8 . English, C. E. Guye and co-workere, investigated 
the viscosity of various kinds of glass near the annealing temp.; and J. T. Littl^n 
and E. G. Roberts suggested that the anneahng temp, of a glass may be determined 
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by measuring its viscosity at various temp. H. le Chatelier represented the 
viscosity, ij, of a number of glasses at the temp. 8° by log ri=a-b8, where a and b 
ate constants. Observations on the viscosity of glass were made by C. Doelter and 
H. Sirk, E. Greiner, V. Vesely, C. E. Guye and S. Vassileff, A. Lecreniet and co- 
workers, H. E. Staley, G. Tammann, J. Masson and co-workers, and E. W. Washburn 
and co-workers. E. W. Tillotson, and A. Lecrenier and co-workers measured the 
lorface tension of molten glasses. E. W. Washburn fougd the surface tension of 
the soda-lime-silica glasses between 1200° and 14.50°, to be of the order 150 dynes 
per cm.; and A. A. Griffith gave for the surface tension of a glass; 

16’ 746* 801" 862" 905" 1110" 

a . . (0 0031) 0-00261 0-00257 0-00249 0 00239 0 00230 

£. Warburg discussed the diffusion of metals in glass; and A. Gunther-Schulze, 
of silver in glass. H. Wessols observed the thermolysis or Soret’s effect in glass. 

The elastic properties of glass have been investigated by R. Reiger,<3 J. gal- 
peter, E. Stephan, A. Kundt, G. Qiiiucke, L. Boltzmann, J. Salpeter, C. Brod- 
mann, H. K. Onnes, L. Grenet, B. Halle, E. Warburg, 6. Tamman, B. Halle, etc. 
The tensile strength of glass varies from 2 9-8 ,15 kgrms. per sq. mm. This con¬ 
stant has been measured by .1. von Kowalsky, etc. J. von Kowalsky found that the 
greatest linear c-xtension with a simple pull was O IX)!,!!; with bending, 0-(X)132 ; 
with torsion, 0-(X)lH3 ; and with an end-pressure, 0-00129. Hence, glass can bear 
a much greater extension by torsion than by iiull, bending, or end-pressure, 
A. Winkelmann and 0. Schott repre.sented the tensile strength, T, in kgrms. per 
sq. mm., by I ~aiyy f N.-iya where «i, a.^, . . . represent the 

percentage amounts of the component oxides in the gla.s8; and yi, y^, y.^, . . . 
the re.spective tenacity ciieff. which are : 
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ZhO 

PbO 

MgO 

AlgOj 

ow 

O-Odf) 

0-15 

0025 

0-01 

0 05 

ASjOj 

BaO 

NajO 

KaO 

CaO 
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ou:i 

0-05 

0 02 

0-01 
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0-075 


The term elnsliscite Nachwirkuny, or elastic after-effect, refers to a residual effect 
which occurs after glass has been deformed. The residual effect subsides only 
gradually when the body is left to itself. The subject was invc.stigatcd by 
G. Weidmann, who found an after-effect after bending, or flexure, after comi)reseion, 
and after torsion. F. Kohlrausch represented thii subsidence of the after-effect 
by where x denotes th(! amount of didormation after the time t reckoned 

from the instant when the body ^ free, divided by the. original deformation ; and 
0, a, and m are constants. J. Hopkinson studied the clastic after-effect after the 
release of a torsional strain. A. Fazziani and C. E. Guye studied the torsion 
modulus, and the effects of annealing on glass fibres. J. W. French, E. Thomson, 
F. W. Freston, and A. J. Dalladay and F. Twyman discussed the stresses produced 
in glass by cutting with a diamond, and by grinding. A. A. Griffith found the 
maximum tensile strength of glass in the corners of a crack may be more than ten 
times the tensile strength as ordinarily measured. Freshly prepared rods have a 
great tensile strength which reduces to the nonnal value in a few hours. This is 
attributed to the development of numerous ultramicroscopio crao.ks. 

A. Winkelmann and 0. Schott measured the orosbing strength or resistance 
to crushing and found numbers between 60-6 and 126-4 kgrms. per sq. mm. If S 
denotes the crushing strength, di, hj, aj, . . ., the percentage amounts of the 
respective oxides in the glass; and gi, y^, gs, . . . the crushing coeff. of the 
respective oxides, then R=«igi-f ajgz-f osgs-f . . ., where 



SIO, 

BjOa 

ZnO 

PbO 

UgO 

AI,Oa 
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. i-23 
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Aa|Oa 

BaO 

N«,0 

K,0 

CaO 

P,0, 

y 

. 1-0 

005 

0-02 

005 

0-2 

0-70 



SILICON 


527 


G. Berndt obtained for the mean crushing strength of borosilioate glass with 
cubes 5 mm. edge, 1200 kgrms. per sq. cm. for lC> mm. cubes, 9000 kgrms. per 
sq. cm.; and for 15 mm. cubes, 8700 kgrms. per sq. cm. For nnannoaled cylinders 
with the press, continually increased 15,000 kgrms. per sq. cm., for annealed glass 
the numbers arc respectively U,200 and 12,500 krgms. per sq. cm. P. B. Galitsin 
found that the borstiog pressoie ot glass tubes (i) is independent of the rapidity 
of compression of the cpntained wakr; (ii) varies with the ratio of internal and 
external diameters; (iii) incmases at first with the radius to a maximum value 
and then slowly decreases; and (iv) is independent of the absolute thickness of 
the walls—although the thicker the walls the more likely are flaws to bo present. 
Observations were also recorded by D. I. MendeWeff, and W. P. Bradley and 
A. W. Browne. A. A. Grifliths found the breaking stress, «S', of glass fibres, of 
diameter d inches, to be in lbs. per sq. in.: 

d . 0 040 0 004 0 002 0 00115 0 IHKI.50 0 00020 O'OOOlItO 

.S' . 24,000 42,300 79,000 88,700 19.5,000 33'2,(K1U 491,000 

A. Foppl tested the brittleness of glass by letting a hammer tall from a definite 
height on a cube of glass. The ratio of the brittleness to the crushing strength 
varied with diflerent glasses. P. Gaubert attributed to internal strains the regular 
system of cracks and regular shape of fragments sometimes found in glass ruptured 
par les explosions. J, Wojf reported on shock-resisting glasses; and K. B. Schu¬ 
macher, on the cracking tendency of glasses. 

The elasticity of glass ot Young’s modulus of glass was investigated by 
A. Winkelmann and 0. Schott,'® A. E. Williams, etc. They found tliat the 
elasticity ranges from 4802 -7971 kgrms. per sq. mm.; and if E denotes Young's 
modulus ; Oj, Oj, 03 .the percentage amounts of the respective components ; 

Vh Hit Vs, ■ ■ ■ tbo elasticity coeff. of these oxides, foaPn 

-f- . . ., where the values of y ate different for different types of glass. A. Wiukel- 
mann found for the silicate glasses, without boric ot phosphoric oxide, baryta or 
magnesia: 

Sio, ZaO FbO Al,0, Aa,0, .911,0 K,0 CuO 

1 / . . 70 r>2 4« 180 40 lit 40 70 

for Icadless borosilicates free from phosphoric oxide ; 

SIO, 8,0. ZaO MsO A1,0, As,Oj BaO lla,0 K,0 fuO 

y . ,70 00 100 40 1.5(1 40 70, 100 70 70 

and for the remaining types comprising borates, (pad borosilicates, and phosphates : 

SIO, 8,0, PbO MbO AI,0, A«,0, BsO N»,0 K,0 8,0, 

y . .70 2.5 ,55 30 130 40 30 70 30 70 

A. Winkelmann found that if E denotes Young’s modulus at up to neatly 
482° and £ 20 , the valueat 20 °, A’=E 2 o!l—o(d--20)9}, where a and j3 ate constants 
for a given type of glass. It was found that if a glass be first tested at ordinary 
temp, and then at the higher temp., on its return to ordinary temp, it exhibits 

a greater resistance to bending than before. If it undergoes only one such heating, 

the enlarged elasticity decreases with time. Several heatings and coolings arc 
needed before the elasticity becomes constant. Corrections are needed for the 
thermal expansion of glass. A. Winkelmann found that the simultaneous presence 
of large amounts of soda and potash favour* the change of elasticity with temp.; 
bnt if boric oxide be simultaneously present, the change is in the opposite direction, 
E. Wandersleb found that Young’s modulus is smaller in the normal condition 
than in the accommodation condition observed by A. Winkelmann; and Hooke s 
law is fulfilled in the normal condition of glass up to the breaking point, but in the 
accommodation condition the ratio of the bending to the stress is increased. The 
efiect of temp, on Young's modulus is E--=£j([l- a(d—15)-t-^{fl—151*1 in the 



528 


INORGANIC AND THEORETICAL CHEMISTRY 


accommodation condition, and AJ—Eujl—o(d—15)®} in the normal condition. 
A. E. Williama measured for the modulus of rupture and Young’s modulus of 6000 
samples of various types of glass, and found for window glass 7000 lbs. per sq. in. 
and 11,000,000 lbs. per sq. in. respectively; and for plate glass, respectively 6500 
and 10,000,000 lbs. per sq. in. L. N. G. Filon and F. C. Harris studied the effect 
of temp, on the clastic constants of glass. 

The ratio of the lateral contraction to the longitudinal extension with a longi¬ 
tudinal pull or thrust furnishes the so-called Poisson’s ratio, <7 — vide 1. 13,17. 
Measurements were made by F. Twyman and J. W. Perry,w G. Wertheim and 
E. Chovandier, W. I’scheidl, J. Kieweit, A. Winkelmann and 0. Schott, A. Winkel- 
mann, W. Ludwig, J. D. Everett, A. Cornu, H. T. Jessop, W. Voigt, M. Cantone, 
J. von Kowalsky, and K. H. Amagat. K. Straubel found that the observed values 
range from 0’iy7-0'239 ; and if Oi, a^, . . . denote the percentage amounts of 
the respective oxides, and j/j, ^ 2 . y-j, ■ ■ ■ the Poisson coeff., then 
+“03 f ■ ■ ■. where 

810, 11,0, ZiiO PbO AljO, BaO N«,0 

!/ . 00015.13 0002840 0003400 0002700 OOOn.'iO 0003.500 0 004310 

K,0 CaO P,0, Sb,0, MgO A>,0, 

<j . OOOI'.lOO 0004163 0002147 0002772 0002,500 0 002.500 0002500 

P. Auerbach calculated indirect values for Poisson’s ratio and obtained a relation 
between the hardness and Poisson’s ratio. R. Straubel .showed that the supposed 
relation is invalid. • 

fi, Straubel used the formuto indicated 1. 13,17, and calculated values for the 
rigidity or resistance to shearing and the compressibility, vol. elasticity, or resist¬ 
ance to compression from Young’s modulus, and Poisson's ratio. He obtained values 
for the rigidity ranging from 1840-3140 kgrms. per sq. mm., and for the compressi¬ 
bility 3470-7020 kgrms. per sq. mm. J. E. P. Wagstalf found for the coeff. of 
rigidity of a glass plate 2'570x IQi* to 2'59x lOH dynes per sq. cm. per unit shear. 
P. W. Bridgman represented the compressibility of pyrex glass at a press, p, by 
dt>/t>o=0'093027p~0'0j2l)9p'4, L. 11. Adams and E. D. Williamson found the 
compressibility of plate glass to bo )3 -2'27xlO^ at atm. press., 2-23XlO“*> at 
2000 atm. press., and 2'00xl0'6 at 10,(XX) atm.; or ;8=0’052226- 0 0j220(p—po)- 
J. Y. Buchanan gave for the linear compressibility of flint glass, 0 ' 072 , and for. 
ordinary glass tubing, O'OjSKi. Observations were made by E. Madclung and 
R. Fuchs. G. Ercolini found that a tension, compression, and a shearing force 
in an electric field proifuced no variation in the elastic constants. 

J. Cardanue,'8 in 1557, noted that when glass is kept for some time near the 
temp, of liquefaction, it loses its Iransparency and becomes opaque. Glass when 
cooled has all the characteristics of a congealed soln., but some glasses arc very 
liable to crystallize or devitrify during the cooling ; all depends on the nature and 
proportions of the different components, and on the time occupied in the cooling. 
Other glasses must be kept in the teniperature zone of crystallization for hours 
in order to obtain crystals. J. B. A. Durans found by analysis of a piece of 
devitrifiod glass; 

Na,0 C»0 Al,0, 810, 

Crystallized portion 14'9 12 0 4 0 68'2 per cent. 

Vitreous portion ,10-8 12 0 3 5 04-7 „ 

Analyses and observations on devitrification were made by B. G. Sage, F. Hundes- 
hagen, E. Pfiligot, H. Schwarz, M. 6r6ger, and A. Terrcil. Some of the alkali- 
lime glasses furnish crystals of wollnstonite. H. le Chatelier observed the formation 
of tridymite. As previously indicated, a small proportion of alumina is inimical 
to the process of devitrification. The subject has also been discussed in connection 
with Reaumur’s porcelain. The first signs of devitrification are a faint turbidity 
and the appearance of a bluish tinge by reflected light. Observations were made by 
W. Lewis, A. Dartigues, D. C. Splitgerber, N. L. Bowen, L. B. G. de Moirvean, 
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J. Foumet, J. B. A. Dujnag, J. Pelouze, 8 . F. Coi, L. Appert, M. Bonfemps, 
H. Knoblauch, J. W. Mellor, J. Fowler, N. Heaton, D. Herman and F. Rutley, 
N. L. Bowen, H. Insley, C. N. Fenner and J. B. Ferguson, Lord Rayleigh, 
F. Gelstarp, H. le Chatolier, 0. J. Brockbank, Y. Amanomiya, R. Wietiel, 
A. F. 0. Germann, etc. The alleged devitrification of old glass has not been clearly 
established, for it is probably due to a kind of surface weathering— vide infra. 
A. F. 0. Germann removed the surface film by washing with hydrofluoric acid, 
and found the underlying glass to be quite normal. 

E. Kochs and F. Seyfert^ obtained an empirical formula to caloulate the 
meltilig point of a silicate. Let [SiOjJ denote the percentage amount of silica; 
[AI 2 O 3 ], the percentage amount of alumina; A’, their ratio; A, B, V, the 
percentage amounts of various fluxes; and J/j, Jfj, Me, . . ., the mol. wts. of the 
various fluxes. If F represents the sum A/A/a+R/il/j+C'/jlie-l- . . ., what they 
call the fusibibty quotient, Q, then Q=^)'OOf)767r®/A'F. The fusibility quotient, 
of potash-felspar is 0’153, of potash-lime glass O'OOOOI, etc. It will be observed 
that the assumption made is that the fusibility is solely determined by the mol. 
wts. of the constituent oxides. A. Granger used this formula. As shown by 

E. Zschimmer, etc., glasses have no definite m.p.; and F. Weidert and G. Berndt 
refer to the deformation temp, as the upper limit at which a piece of glass loses its 
form. F. Singer, R. L. Frink, R. Schaller, and F. Springer have discussed the 
effect of small additions of alumina in making soda-lime glasses more friable. 
A. Q. Tool and co-workers observed a small heat absorption shown on the heating 
curve of powdered glass just above the annealing temp. Observations were also 
made by J. W. Mellor and co-workers, L. Grenet, A. A. Lebedeff, K. Beck, H, and 

F. le Chatelier, etc. The thermal effect which occurs on heating glass was observed 
by A. Q. Tool and C. G. Eichlin, and it corresponds to the effect produced by a 
change of state, but is thought to be due to the formation of some molecular 
aggregate producing homogeneity, and relieving strains as in annealing, 

P. S. Laplace and A. L. Lavoisier measured the coeff. of thermal expBluion 
of flint glass and found ll'Ojfllfl ()'(lj872; lead-free glass, 0 ' 05875-0 05898 ; and 
mirror glass, O O 5891 . 1*. L. Dulong and A. T. Petit found the coeff. of cubical 
expansion u)i to 300” to be O'0(XX)2.51-| 0 O 42 . 61 -fO‘ 0 iQ 6 fl°. If. V. Regnault 
measured the coeff. for a number of glasses of different composition, and obtained 
for crystal-glass values ranging from 0 ' 042144 - 0 ' 0 i 2442 ; and for ordinary white 
glass, values ranging from 0 ' 042 , 324 -t)' 0427 r) 8 . H. le Chatelier gave between 0" 
and 40”, O O 4 I 88 , anil between 0” and 7(X)”, 0 ’ 04225 . 0^, Schott obtained values 
ranging from O O 4 IIO-OO 4.337 ; and A. Winkelmann and 0. Schott found that if 
«l, a.,, Oj, . . . denote the jierceutago amount" of the respective oxides, and gj, 
y.,, 1 / 3 , ... their expansion coeff., the coeff. of cubic expansion will bo oX 
+ aly 2 +<‘ 3 ' j 3 P - • •. '‘■>>'''■6 
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The ailditive character of the thermal expansion coeff. was confirmed by J. Mori, 
,1. Sal peter, and S. English and W. E. S. Turner for soda-lime glasses, such that if 
the symbols of the constituents represent the percentage amounts, the coeff. of 
cubical expansion of these glasses is 0 07 ^SiO 2 ]-f 005 l[Na 2 O]-i- 0 ’ 0 j 5 [CaO]. 
Similarly, for the magnesia-soda glass^, the ri&ults are given by the factors Si02, 
(hlfi; Na20,12'96; CaO, 4 89; and MgO, 1‘36. With the soda-lime glasses the 
coeff. of linear expansion ranged from 0'04ll38-0 03801 ; and for the soda-magnesia 
glasses from 0 04ll38-0'06594. W. E. S. Turner and co-workers also determined 
the affects of silica, boric oxide, soda, titania, and alumina on the thermal expansion 
of glasses. J. Salpeter found a relation between the at. vols. of the elements and 
the coeff. of thermal expansion. H. Schonborn observed that different varieties 
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of glm have a critical zone of temp, in which there is a discontinuitj in the curve 
representing the rate of expansion with temp. This zone corresponds approxi¬ 
mately with a variation in the efectrical resistance of the glass (f.v.). W. B. Pietenpol 
found the thermal expansion of glasses increased h'nearly with temp., up to 450° or 
550°, ■fluring the next 60° or 100° increased 4-6 times more rapidly, and therefrom 
increased linearly to the softening point. With unannealed glass the rate of 
expansion decreased as the internal strain disappeared, and this indicates a method 
of finding the proper annealing temp. 0. Schott showed that a sample of glas.s 
in a state of strain produced by rapid cooling, ha(f a coefi. of cubical expansion 
0042895 , wliile the unstrained glass had a coefE. 0042748 ; and the result was 
confirmed by J. Wolf. C. Pulfrich found a rise in the value of the coefi. from 
0 04258 between 4-8.5° and 18'7°, to 0-04265 between 18-7° and 90-5°. Measure¬ 
ments at different temp, were made by M. Thiessen and co-workers, who gave for 
the linear coefi., (7797 + 3646)10“®; and for the cubical coefi., (23.391-f 10-926)10““. 
For normal Jena glass, A. W. Warrington gave for the vol. at 6 °, c=Co{l-|-(23714 
•fl 0 - 626 ) 10-*6 [, when Cq represents the initial vol. The subject has been discussed 
by B. Reimerdes, F. €. H. Wiebe, F. 0. H. Wiebe and G. Moller, E. Zschimmer. 
B, Eicke and W. Steger, H. Auffenbetg, G. W. C. Kaye, W. B. Pietenpol, C. G. Peters 
and C. H. Cragoe, M. Meyer and B, Havas, F. E. Wright, etc. K. E. Guthe found 
the linear coefi. of a glass to be O OjlS; J. T. Bottomley and W. J. Evans gave 
0-00181 for the cubical expansion of Jena glass between 0 ° and 100°. C. Holborn 
and E. Griineiseu gave for the expansion of Jena borosilicato glass between 
0 ° and ,500°, (51846-f0-80462)l()-“ and (!j8526-f0-9596“)10-». F. Henning found 
a rod of this gla.ss, a metre long, contracted 0 877 mm. when cooled to--191°. 

(;. G. Peters and C. H. Cragoe found for intervals apj)roximately 19°-500°, 
a -O- 0562 - 0 - 04120 ; and between fiOO" and 600°, a==^0-0 4205 - 0 - 0464 !). P. Lafon 
studied the irregularities which occur in the dilation of glass with rise of temp. 

0. Schott found a zinc borate glass with the small coefi. O-O 4 IIO, and an alumina- 
glass with the coefi. O-O 4337 , which is nearly that of iron or nickel, and a glass with 
the coefi. 0-()s45 is used for making lam)i chimneys. A. Arnulf devised a machine 
for automatically recording the expansion of glass. 

The glass of a newly-ma<le glass thermometer only grmlually resumes its original 
volume, so that the mercurial <'olumn gives continually higher indications for one 
and the same toniji. A fhermometer which has b(»n allowed to season before 
calibration does not show this me of zero, but if it be heated to a high temp, there 
is a deprefisimi of zero which gradually resumes its normal value as the original 
volume is restored. R. Weber stated the phenomena are due to what he called the 
Nmhviirkvtuj, or the afler-ejjert, er the thermal ufter-effeel. The phenomenon has 
been studied in its application to thermometry by W. Schlosser, F. C. H. Wiebe 

O. Schott, B. Eckardt, F. Griitzmacher, A. Bottc'her, J. Pernet, C. E. Guillaume’ 

M. Thiessen and co-workers, K. Scheel, F. Allihn, W. Pomplun, H. Lcmke, A. Mablke] 

P. Ohappuis, M. Tonnelot, etc. 0. Schott devised a kind of compensation for the 
after-effect by enclosing within the thermometer bulb a small rod of another kind of 
glass with the same coefi. of expansion, but with a much larger thermal after-effect, 
so as to correct the depression of the zero when the thermometer is heated. The 
subject was investigated by W. Hoffmann, and G. Muller. No exact relation was 
observed by 0. Weidmann between the thermal and elastic after-effects. As 
indicated above, A. Winkelmann observed that the coefi. of elasticity was increased 
alter heating and cooling; and the effect became stationary after a repetition of 
the treatment a number of times. The phenomenon was called the thermo-elastic 
after-effect, and it has also been observed with platinum. L, Marchis made 
observations on the subject. 

If liquid glass is abruptly cooled, say, by falling drop by drop into cold water, 
the congealed droplets are called Rupert’s drops, lacrymas vitrea, StiaUglSser, or 
guUis vitreis (glass tears). When the thin tip is broken, the whole is converted into 
a fine powder with a feeble detonation. These drops were first brought to England 
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by Prince Rupert, but, according to J. Beckmann,*! they wore not invented by him; 
they appear to have been made prior to 1661, because they were mentioned by 
B. do Monconys in that year. Theses on glass drops by J. C. &hulenburg appeared 
in 1695, by J. G, Baier in 1708, and by S. Royher in 1714. According to P. D. Huet. 
the firet glass drops came from Germany; according to A. le Grand, they came from 
Prussia ; and according to G. Montanari, and H. Regius, they came from Sweden. 
On the authority of B. de Monconys, J. Beckmann argued that the drops first 
came from Holland. A tumbler of the unannealed glass may shatter to fragments 
when slightly scratched, say, by dropping a small picca of flint into the glass. 
F. B. A. R. de la Bastic found that if glass articles are heated to redness, sud¬ 
denly immersed in oil at 300", and then allowed to cool very slowly, the product 
is the, so-called toughenrd ghis. It resists abrupt changoc of tenip. better than 
untoughened glass, and it is not readily broken when dropped; but if it once does 
break, it shatters into fine fragments. A crack may occur in toughened glass 
without shattering the whole ; but it cannot be cut with a diamond. Glass is 
annealed in order to relieve the strains intnxluced during the cooling. This 
subject was investigated by L. II. Adams and E, D. Williamson. G. Giiadct, 
H. Schuz, etc. A. Q. Tool and C. C. Eichlin examined the eltcct of annealing on 
the heating curves of glass. 

Glass is a bad conductor of heat. The thermal conductivity of glass was 
measured by 0. Paalhorn,** and he obtained numbers ranging from k 0 ()f)1082- 
0 002267 cal. jier cm. jier sec.; and II, Heeht obtained 0(X)25. A. Winkelmann 
showed that the absolute conductivity can be calculated from k- fl|(/i 4 a,^y 2 
+®ay 3 1 • • •> where a.,, Oj. . . . denotes the ]H)rcentage amounts of ihc! con- 
.stituetit oxides ; and i/,, g.,. gj . . . represents the conductivity coeiT,, vk. 
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A. Winkelmann obtained belter results by using hj, hj, 5j, ... as the vol. 
percentages instead of «], a^, o.|, . . . percentages by weight; and using 
the corresponding coed. Zj, z.^, Z 3 , . . . In that case the reciprocal of the 
conductivity fhjZs-f- . Measurements were also made by 

T. M. Focke, A. Eucken, J. Thoulet, 0. H. Lees, H. Mayer, and 0, Venske. 
J. Kriiger studied the influence of temp, on the thermal conductivity of glass, 
and represented the value of k at 6°, when the conductivity at 8° is ij, 
by I;=I^(I-fad), where a is a constant dependent on the typo of glass. 
W. M. Thornton observed a relation between the thermal conductivity, k^, the 
elasticity. A', and the sp. gr., 1), such that k=ED--V'^iy\ where V is the velocity 
of sound in the glass. J. R. Clarke could not confirm this relation. E. II. Williamson 
and L. H. Adams studied the distribution of temp, in glass during heating or cooling. 
P. W. Bridgman represented the thermal conductivity of pyrex glass at a press, p 
by 0’0261-)-0 0,lp at 30°-75°. 

A. Winkelmann ** determined the gpsciflc heat of various glasses and obtained 
numbers ranging from 0 08174-0-2318. If c denotes the sp. ht. of a glass; Oi, Oj, 
Os. • • • the percentage amounts of the constitutional oxides, and y,, y^, y^,... the 
sp. ht. of the component oxides, then c^JOiyjsl-ajys+Osys-f. . ., where 
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The sp. ht. of glass rises with temp., and the sp. ht. in the amorphous or glassy 
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state is slightly higher than in the devitrified or cr^talline condition; the different 
is more marked with glasses with a high proportion of alkali. I. litaka found the 
sp. ht. of ordinary glass to be 0*212 at 133*3° j 0*221 at 213 j 0*231 at 318 j and 
0*236 at 406°. G. K. Gibson and W. F. Giauque showed that in the case of glycerol, 
the entropy of a glass exceeds that of a crystal of the same composition at absolute 


zero. 

Thermal shock tests are made by heating the glass vessel containing a suitable 
liquid to progressively higher and higher temp, until j;he glass fractures. A. Winkel- 
mann and 0. Schott introduce a number of assumptions into an argument which 
reduces to an empirical expression for what they call the thernm(dier Widerstands- 
koeffickiU—eoeS. of thermal endurance, representing the power of glass to with¬ 


stand the inequalities vf temp.: 

Thermal endurance — 



where K denotes the thermal conductivity; c, the sp. ht.; D, the sp. gr.; E, 
Young’s modulus ; a, the coeff. of linear expansion; and P, the tensile strength of 
the glass. The values of the thermal endurance so calculated range from 3*51 to 
13*52. The results often agree with observation, although some irregularities were 
noted. Glasses usually resist compressive forces better than tensile forces, and hence 
they will withstand rapid uniform heating better than quick uniform cooling. 
Glasses rich in alkali have a high coetf. of expansion, and therefore are more liable 
to break with abrupt temp, changesdlian glasses with a smaller expansion coeff. 

The retractive index of glass ranges from l*.50to 1*9626 for the densest flint glass. 
A. Baudrimont and J. Pelouze said that the refractive index increases with the 
mol. wt. of the contained bases, thus lead glass has the highest index of refraction, 
next comes baryta glass, then potash glass, and least of all, soda glass. J. von 
Frautdiofer found for crown glass and for medium and dense flint glasses : 
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Hundreds of other observations have beciii made -c.jf. by M. Dutirou, 11. Starke, 
H. du Bois, ,1. W. Gifford, F. E. Wright, T. Smith, F. E<*kert, C. J. Peddle, P. .1. van 


y, of the moan disperijion divided by (ii-- I : 
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C. J. Peddio studied the refractive indices of the binary and ternary systems, 
SiOa-KuO-Naj-O; SiOg-CaO-NaitO or K^O; SiO^BaO-KgO orNaaO; and 
SiO^-PbO-Na^O or KjO; and F. E. Wright, the, refractive indices and disperaion 
of a variety of glasses. E. S. Larsen found that for all the albite-anorthite series of 
glasses the fonnulie of Gladstone'and Dale and of Lorentz and Lorenz give results 
which are sensibly additive; B. W. Tillotson found the sp. refractivities calculated 
by either of the above-mentioned formulte give results with the soda-lime glasses 
which are additive, so that if o,, uj, Oj,... denote the percentage amounts of the 
constituent oxides, and y,, y,, yj,... the sp. refractivities of the oxides, lOOF 
'=“iyi+®zFz+® 3 y 3 + • • •' where y, for SiOj is 0*1220; yj for CaO is 0*1210; and yj 
for NagO is 0*1302. Similar results were obtained for soda-baryta glasses, and for 
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the albite-anorthite aeries of glasses. J. R. Clarke and W. E. S. Turner found the 
replacement of soda by lime in the glasses of the type 2 NS 2 O: BSiOj produces a linear 
change in the refractive index. R. J. Montgomery studied the refractive indices of 
the lead glasses. A. R. von Schrotter gave for the thallium lead glass of sp. gr. 
4-18, ft=1-661 for the R-linc, 1 -673 for the D-Une, and 1-710 for the W-line. 0. Muller 
also made ob 8 or\-ations on the refractive indices of thallium glasses. T. J. I'elouse, 
and W. E. S. Turner sud co-workers studied the refractive indices of aluminous 
and boriferous glasses. E. Zschimmer found that the refractive indices of glassy 
boric oxide, 1-4620, and of fused silica, 1 -4585, are raised by the dissolution of metallic 
oxides, but not proportionally with the mol. wt.. For instance, LijO, ZnO, PbO, 
and BaO, each eq. to 40 per cent. BaO, in 100 parts of boric oxide raised tho re¬ 
fractive index in the 3rd decimal respectively 77, 93, 114, and 248 units. The 
effect did not increase with cone., for the optical effect decreased with 1^20 in B 2 O 3 , 
Na 20 in Si 02 , and ZnO in B 2 O 3 or alkali silicate glass, but it increased with PbO 
and BaO. In potassium-silicate glass—15 per cent. K 2 O—tho addition of boric 
oxide increased the refractive index to a maximum with 15 parts of B 2 O 3 to 1(K) of 
glass, and therefrom decreased the refractive index. E. S. Larson investigated tho 
relation between the sp. gr. and refractive index of glass. H. RuIhuis measured 
the dispersion for the ultra-red rays; and H. T. Kimon for the ultra-viohd rays. 
Tho subject was also investigated by J. Ifartmann, L. Mouton, S. P. Langley, 
H. Trommsdorff, If. Rubens, E. L. Nichols, 0. Reinkober, C. Schafer and 
M. Schubert, and K. Lowe. 0. Pulfrich measured the effi'ct of temp, up to about 
UX)° on the index of refraction, and .1. 0. Heed worked at temp, up to 500'', 
F. Pockels studied the effect of elastic deformation on the optical properties of 
glass. The reflexion and elliptical polarization were examined by ,1. .Tamin, P. Drude, 
Lord Rayleigh, 0. C. Schmidt, 0. Lummer and K. Sorgo, M. Voiko, II. Schulz, 
R, Kynast, and 0. Hebccker. L. N. G. Filou, and F. C. Harris studied the effect 
of time and temp, on the photo-elastic constants of glass. 

Glass which has been rapidly cooled is not optically homogeneous nor optically 
isotropic; the outer layers are cooled faster and shrink more than tho interior. 
Hence, the interior is in a state of strain. In 1814, T. J. Seobeok, and I). Brewster 
showed that a piece of glass when irregularly heated exhibits double refraction like 
many uniaxial crystals, and that under press, the glass shows intorforonco colours 
in ])olarized light. The colour patterns wore called by T. .T. Seebcck die entopliachen 
Fdrbenjitjuren; and they have been called Seebeck's colours. According to 
E. G. Coker, when a strip of glass between crossed nicols is subjected to an increasing 
strain, it first shows a greyish-white colour which passes successively through the 
colour changes, lemon-yellow, reddish-pnriile, to blue ; and if tho strain increases, 
tho scale of colours is repeated for approximately double tho intensity of tho stress. 
There is thus a well-defined colour scale corresponding to tho torsional stress. For 
simple compression and tension, tho relative retardation of tho rays producing the 
colour effects is proportional to the intensity of the stress, and to tho thickness of the 
material. E. Zschimmer found the strains could bo introduced in large articles 
from their own weight. 

The birefringence of strained glass was studied by J. Kerr, A. Q. Tool and 
C. G. Eichlin, H. du Bois, 0. D. Tavern, 0. Reel), 11, Ambronn, W. Kiihler, 
A. Winkclmann, H. Boissier, F. Eckert, I-ord Rayleigh, L. H. G. Filon, 
L. H. G. Filon and H. T. Jessop, F. Pockels, W, Kiinig, F. Twyman and co-workers, 
Fi. and M, Henriot, H. Schulz, Q. Berndt, F. E. Neumann, F. Taffin, T. T. Smith 
and co-workers, P. S. Nutting, B. E. Wright,. A. L. Kimball, 8 . Czapsky, etc. 
0 . Schott found that the double refraction disappeared from strained ordinary and 
borosilicate crown glasses between 400° and 410°, and from flint glass between 
350° and 360°. Glass is annealed in order to relieve these strains. E. Hagenbach 
examined samples of glass which had cracked without any appnrent cause and 
found Seebeck’s colours were present. He suggested testing glass for soundness by 
its appearance in polarized light, rejecting that which exhibits the strain-colours. 
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F. Vogel measured the absorption of light rays in the visible specirmn by 
different glasses and found for the coeff. of absorption, i, for two dint glasses .oid 
two crown glasses: 


A 

. 0«77 

0-580 

0-536 

0-503 

0477 

0-455 

0-43lii, 

Fiini (light) 

, 0 0059 

0-0102 

00129 

0-0138 

0-0108 

0 0214 

0337 

Flint (heavy) 

. 0 0231 

o-om 

00213 

0 0248 

0 0357 

0-0411 

0-0689 

Crown . 

. 0-0102 

00137 

00108 

00137 

00151 

0-0196 

0-021(1 

Crown . 

. 00151 

0 0201 

0 0233 

0 0254 

0 0260 

00261 

0-0227 


This shows that at the red end of the spectrum the light flint glasses are less absorbent 
than the crown glasses, but at the other end this condition is reversed. The absorp¬ 
tion by the heavy flint glass exceeds that of other glasses as the wave-length 
diminishes; and its absorption for the longer waves is not surpassed by the crown- 
glasses. The effect of' temp, on the absorption of light by glasses was discussed 
by J. Kfinigsberger and co-workers, W. Kieder, H. du Bois and G. J. Elias, 
0. B. Eizzo, R. A. Houston, A. Silvermann, J. Becquerel and F. Eckert, H. Rubens, 
G. Rosengarten, J. M. Eder and E. Valenta, F. Vogel, G. E. Grantham, F. Eckert, 
W. W. Coblentz and W. B. Emerson, C. Schafer, M. Schubert, F. Eckert, and 
A. W. Smith and C. Sheard investigated the transparency of various glasses for the 
ultra-red or heat rays; according to W. W. Coblentz, the transparency for the 
ultra-red rays is very groat up to 2ft; and as with most silicon compounds, there 
are bands at 5'6ft and 6'25fi. He also studied the ultra-red reflexion spectrum. 
The absorption of light in coloured glasses has been studied by R. Zsigmondy and 
C. Grebe, R. Zsigmondy, P. P. Fedotiefi, J. Konigsberger, P. P. Fedotiefl and 
A. Lebodeft, J. W. Mellor, W. W. Coblentz and co-workers, K. S. Gibson, 
R. A. Houstoun, S. B. Nicholson and E. Pettit, R. C. Gibbs, E. P. Hyde and 
co-workers, M. Luckiesh, etc. F. Weidert studied the absorption spectra of glasses 
containing didymia. In general, the absorption increases as the temp, rises, 
though in some parts of the spectrum there may be a decrease. In some cases the 
absorption bands remain stationary; in others, there is a shift towards the red. 
There is usually a complete recovery when the original temp, is restored. The 
absorption of ultra-violet light by glass has been investigated by E. Zschiramer, 

F. F. Martens, C. Fritsch, E. de Chardonnet, N. Schjerning, H. A. Ktiiss, 

G. KrUss, H. Pfluger, W. Rieder, J. Duclaux and P. Jeantet, F. Eckert, 
R. C. Williamson, F. PflUger, and A. W. Smith and C. Sheard. The ultra-violet 
transmission spectrum of glasses has been investigated by W. R. Ham atd 
co-workers, J. R. Clarke and W. E. S. Turner, L. Boll, H. P. Gage and W. C. Taylor, 
K. S. Gibson, E. Zechimmer, and H. T. McNicholas. W. Crookes studied the 
effect of the oxides of cerium, chromium, cobalt, nickel, copper, iron, manganese, 
neodymium, praseodymium, and uranium on the absorption of heat rays and 
ultra-violet rays, and on the transmission of luminous rays. H. J. Mdller found 
dark brown, dark green, or red glass bottles protect best the contents from the 
chemical action of light. Obviously glasses which cut ofi the heat rays would be 
useful for railway carriage windows, etc., in sunny climes; and goggles, and 
spectacle-lenses which cut off all but the luminous rays would prevent irritation. 
This subject has been discussed by W. W. Coblentz and co-workers, G. Alleman, 
W. P. Graham, M. Luckiesh, F. Eckert, C. Grebe, R. Zsigmondy, F. Schanz, 
F. E. Lamplough, E. L. Hettinger, K. W. Hausser and W. Vahle, J. van der Hoeve, 
A. L. Forster, ete. K. Kohler studied the transmission of bght through frosted 
glass. E. P. Lewis and A. C. Hardy found that the reflectiTe power of ordinary 
glass for radiation below A—1860 wts from 10-13; and for dense glass, 10 (rock 
salt, 8-9). M. Kahanowicz and A. Estrafalaces studied this subject. P. Zeeman 
and co-workers discussed the Fizeau effect in flint glass. 

W. C. Rdntgen observed that lead glasses absorb X-rays more than do the 
leadless glasses. A. Winkelmann and R. Straubel studied the subject and found 
that baryta glasses behaved like lead glasses, and that the presence of antimony 
oxide or zinc oxide diminishes the transparency. Of the glass-making compounds in 
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powdar form, they found the most transparent were alumina, boric acid, and sodium 
nr^te and carbonate; the least transparent were lead oxide, red lead, antimony 
oxide, and barium nitrate; while sine oxide, sand, and potawium carbonate and 
nitrate were of intermediate transparency. The order of transparency from 
g^test to least with glasses containing the rare earths, etc., were cerium, didymiura, 
zirconium, and thorium. Glasses with zirconia behave like fluorite in trans¬ 
mitting the X-rays; the effect was weaker with glasses containing didymia and 
erbia. No effect was observed with glasses containing beryllium, uranium, cerimn, 
or thorium. 0. Schott found that transparency of glasess to X-rays follows the 
inverse order of at. wt. of the elements in the oxides; and found a glass containing 
39’6 per cent. SiOj; 30 of BjOj; 20 of ALOj; 0 4 of AsoOj; and 10 of Na^O, to 
be very transparent to these rays. The sbsorjrtion of X-rays by glass was investi¬ 
gated by R. Glocker, and C. and F. Lindemaim; the reflection of X-rays by A. P. 
Compton ; and the coloration of glass by X-rays, by A. Dsuvillier. 

The flnorescence of glass was discussed by E. Lommel, W. Spring, H. Geiger, 
J. B. Burke, E. L. Nichols and E. Merritt, G. M. Sagmuller, P. Ijcnard, P. Pring- 
sheira, E. Wiedemann and G. C. Schmidt, R, (t Gibbs: the discoloration of glass 
by exposure to radiations of various kinds by M. Bcrthclot, B. Delachanol, 
J. C. M. Garnett, R. W. Lawson, L. Michel, 11. Greinachor, G. T. Boilby, K. Ruther¬ 
ford, and P. Villard and F: Erkert; and the. luminescence in catbt^e rayS by 
E. Gehrkc and 0. Reichenheim, A. Schmauss, E. Wiedemann and G. Schmidt, 
E. Goldstein, and 0. Reichenheim. The pho3|ihoreacencc of iiotssh glass when 
exposed to radium ladiatiOlU was observed by G. T. Beilby; and when exposed 
to the rays from radio-tellurimn, by H. Grcinacher. E. Rutherford observed that 
radium emanation, decaying in a ca))illory tube of soda glass, formed a red-coloured 
area, probably due to the X-rays. C. Doelter and H. Sirk, A. Miethe, 
W. A. D. Rudgo, S. C. Lind, F. Eckert, M. Berthelot, W. Crookes, 8. Avery, and 
G. T. Boilby studied the coloration of glass by radium rays. Soda glass is coloured 
vioh't by a prolonged action, and when the glass is healed, like ])iir))le fluorspar, 
there is a pale, violet thermoluminescenco and the colour is discharged. E. New¬ 
berry and 11. Lnpton found that lead glass acquires a brown colour under the 
action of radium, and the colour is discharged by heat. Borosilieatc glasses acquire 
a ])urplc-brown colour under .similar conditions. C. Doelter also examined the effect 
of radium rays on different kinds of glass. J. R. Clarke found that all the glosses 
he tried fluoresced in radium rays, but a fatigue effect was noted at about the same 
time as the maximum coloration was reached. He thought the a-iays were the 
active agents. None of the glasses fluoresced with the Z-rays ; but soda-lime 
glass and a selenium glass fluoresced slightly in ultra-violet light. All the glasses 
exposed to radium radiations exhibited thermolumine.scence with the disappearance 
of the coloration between ItJtJ" and ; and R. E. Nyswander investigated the 
thermophosphorescenco produced by radium rays, H. Jackson considered the 
green phosphorescence of X-ray tubes deiiended on the presence of traces of 
manganese oxide; without tliis agent, the glow is faint blue. The coloration of 
glass by exposure to sunlight was observed by 8. Avery, B. Delachanal, M. Faraday, 
R. A. Gortner, and W. Crookes; and by exposure to ultra-violet light, by F. Fischer, 
and J. B. Nathanson. J, R. Clarke found glasses containing selenium or cobalt 
oxide as bleaching agents were coloured brown by j3-rays. A soda-lime glass was 
feebly affected only by the a-rays. J. R. Clarke thought that the colorations are 
due to the formation of colloidal particles in the glass. The ttibolumineioence of 
glass was observed hy F. Haukesbee M'in IWS* G. de Razoumowsky in 17H7, and 
T. Wedgwood in 1792. P. Heinrich said that Rupert's drops almost always emit 
hght when they arc ruptured. 

H. F. Richar^ studied the contact electricity of glass, quartz, fluorite, and 
steel when taken in pairs. F. Koblrausch said that glasses easily attacked by water 
have bad i n g nla ti n g properties owing to the formation of a film of water on the 
surface acting in conjunction with alkali dissolved from the glass. Assuming that 
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the glasses at the outset all insulate well, and that they have been for some time 
in contact with water, rinsed with distilled water, and dried in the sun or in the 
oven, then decidedly bad glasses will be recognizable by their discharging a gold- 
leaf electroscope almost instantly when the percentage of saturation in the air is 
between 50 and 60, and in a short time (1 sec. or 2 secs.) when it is between 40 and 50. 
With glasses of medium quality, as well as with lead crystal and Jena thermometer 
glass, the corresponding percentages of saturation will be about 20 higher. The 
Thuringian glass made at Gehlberg insulates perfectly up td 40 per cent, of satura¬ 
tion, fairly well at 60 per cent., and discharges in a‘few seconds at 80 per cent. 
With Bohemian potash glass, which at least as regards quantity of alkali dissolved 
must be reckoned among good glasses, no traces of conduction appeared till the 
percentage was above M per cent.; and the insulation was still fairly good at 
75 per cent. At the head of all stood the alkali-free Jena glass, which insulated 
jierfectly at above 60 j)eT cent., and well even at 80 per cent, of saturation. P. Woog 
e.vamincd the effect of the surface weathering of glass on its insulating qualities for 
high voltage currents. 

H. Buff, and E. Warburg and F. Tegetmeier found that the electric con¬ 
ductivity of glass becomes ajqireciablc at 200°. If sodium amalgam be separated 
from mercury by a glass partition in a containing vessel heated to 200°, and if 
an eleotric current be passed from the amalgam through the glass to the mercury, 
the glass is electrolyzed, sodium passes into the mercury, and a corresponding amount 
is lost by the amalgam without the glass losing its clearness. It the sodium 
amalgam be replaced by lithium amalgilm, the glass becomes opaque on the lithium 
side, and the opacity travels through the glass, as lithium takes the place of the 
displaced sodium. The glass in which lithium has taken the place of sodium becomes 
very brittle. It is assumed that lithium-—at. vol. 15'98—can pass along the tracks 
or mol. galleries left by the sodium atoms -at. vol. 1G'04 —but the potassium atoms 
--at. voi.24—arc too large to pass along the spaces left by the sodium. W. J. Sutton 
and A. Silvermann, K. Horovitz, M. von Pirani, H. Schdnborn, H. Freundlich and 
P. Rons, 6. Borelius, and 0. A. Kraus and E. H. Darby also replaced sodium in 
glass by silver. The phenomena were confirmed by W. C. Roberts-Austen, who 
found that if copper or gold amalgam be used the gla.ss is coloured by the copper or 
gold. The electrolysis of glass was also studied by A. Heydweiler and H. Kopfer- 
mann, H. Schiller, H. Schonborn, M. lo Blanc and F. P. Kenschbaum, A. tlUnther- 
Solndze, J. Konigsberger, K. Rascli and F. W. Kinrichsen, J. W. Rebbeck and 
J. B. Ferguson, and K. Lorenz. JI. H. Poole showed that the electrical con¬ 
ductivity of ghtss is notViitirely electrolytic ; and K. Horovitz, and R. Ambronn 
found that not only doc.s gla-ss conduct electrolytically, but it also becomes polarized. 
The results obtained at different temp., T" K., show that if /.q and ^ are con.stant.s 
depending on the compo.sition of the glass, the conductivity, A, at T'\ is L- Loe^aj’-i. 
/-o is a linear function of the percentages of soda and lime in the glass. Observa¬ 
tions on the electrical conductivity of glass were made by J. R. Clarke, A. Denizot, 
R. Ambronn, W. Dietrich, G. Foussi’rcau, W. Thomson, J. Perry, A. A. Somerville, 
N. Rood, 0. E. Philips, C. Barus, F. Haber and Z. Klemensiewicz, F. Baumeister, 
E. Boll4, A. Speransiev, II. H. Poole, A. Gunther-Schulze, etc. F. Farup and co¬ 
workers found that increasing the alumina and silica decreased the conductivity. 
T. and A. Gray and J. J. Dobbie found the sp. electric resistance, R, of glass 
increased with the percentage of lead oxide, and with the sp. gr.; and further, that 
the conductivity is doubled for every 9° rise of temp. It was further found that 
for soda-lime glass, • < 

56 * 72 ' 93 " 116 ’ 149 " 

/fxI0>« . . 531-05 8« 15 11-001 1-874 0-202 

for potash-lead glass at 142°, if Xl0">-= 1328-6; and for soda-lead glass, 

73 " 83 " 104 ’ 120 ’ 140 ’ 

IfXlO'* .... 215-13 144-64 20 82 493 189 

L. L. Holladay represented the electrical resistance, R, of various glasses between 
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20^nd 500° by log il=a log T—bT~^ —c. where a, 6, and c are constant* dependent 
on Me nature of the glass; and the temp. T is repiewnted in °K. P. W. Hinrichstm 
and E. Basch, and E. Schonborn found the conductivity of glass followed the same 
rule. Different varieties of glass also showed a transition point ranging between 
384° and .560°, analogous with those obtained with the thermal expansion. The 
effect of absorbed gases on the conductivity was measumd by V. Bush and 
L. H. Connell. F. F. S. Bryson found pitting occurred in the gla.ss in the vicinity 
of the sealed platinum Electrode of an interrupter connected with an induction coil. 
This was attributed to the electrolysis of the glass lying between the wire and the 
surrounding liquid—sulphuric acid. F. Haber and Z. Klemensiewicz, H. Schiller, 
and W. S. Hughes measured the potential difference between gla.ss and soln. in 
contact therewith. The variation is appro.xiimately the same as for the variation 
in the hydrogen electrode potential, and is approximately a linear function 
of the latter. K. von der Grinten studied the catapboresis of powdered glass. 
A. V. Bleininget noted a thermoelectric current by sealing platinum wires in small 
blocks of different glasses ground fiat, and heating a pair of blocks in contact 
with one another while the wires are connected with a millivoltraetcr. 

The permittivity, sp. inductive caimcity, or dielectric constant, K, of glass 
was found by M. Eomich and J. Nowak to bo 7'5; N. N. Schiller gave 3’3-6'34; 
.7. Hopkinson, 6’6-91; .1. E. H. Gordon, 30-3'24; G. Quincke, 3 (>-26’3; 
K. P. Lowe, 5-48-9-13; W. Donle, 6-88-7-76; and A. Winkelmann, 6 16 7 57. 
The last-named gave for leadless glass 7'11, and 7'44 for a glass with 15 per cent, 
of lead. H. Starke gave 5'48-9'13. The ratio A'/S, where S denobis the sp. gr.. 
is 217-3'38. J. J. Thomson, E. Lecher, R. Blondlot, and K. F. Lowe found that 
the dielectric constant increases as the frequency duninishes. A. Gray and 
J. J. Bobbie found for the sp. inductive capacity of soda-lime glass at 11°, 6'26, 
and at 129°, 6'79 ; for soda-lead glass, 7’36 at 19°, and 8'14 at 1.30° ; and for potash- 
lead glass, 6'76 at 19“. M. von I'irani, W. M. Thornton, H. F. Richards, E. Schott, 
C. F. Hill, A. t'oehn and A. Curs, and F. L. Ekman made observations on the 
dielectric constants of glass. The former represented the relation between the 
dielectric constant. A, and the sp. gr. S of Hint glasses by A=6'61 -|-1'2965(8—2'89)2; 
and the relation between the dielectric constant and the refractive index, /i, for the 
F-line, by A’--6'61-(-95'6(fi—1'549)2. C. L. Addenbroke found these relations did 
not hold for Hint glas.ses with S- =1'80, and A -=11'2 ; and 8=6'01, and A=:13'0. 
The ratio of K to increased continually as the sp. gr. increased. The heaviest 
flint gla.s3 known has a sp. gr. 0'.')3 and has a compo.sition very nt’arly PbSiOsl it 
was therefore .suggested that the heavy flint gla.ssea may be solid soln. of silica in 
lead raetasilicate. F. M. Jager mea.sun'd th(! die'ectrio constant for different wave¬ 
lengths. G. Quincke disemssod the puncture Voltage of glaas; and the cleavage cracks 
of punctured glass. Different phases of the subject were examined by N. Hesehus, 
A. Giinthcr-Schulze, K. W. Wagner, J. L. R. Hayden and (!. P. Steinmetz, 
J. Mosciaki, B. Walter, J. .Almy, F. Kohlrainsch, J. Hopkinson, J. (Jurric, T. J. Baker. 
E. E. Schumacher examined the relation between the composition of a glass and 
its tendency to crack while conducting electricity. A. Wiillner and W. Wien found 
the increa.se in the internal vol. of spherical and cylindrical condensers produced 
by electrostriction is in general less than the value obtained from Young’s modulus. 
They also examined the effect of press, on the dielectric constant. K. R. Brain 
studied the piezoelectric effects with glass. P. Drude, and K. F. Lowe 
measured the absorption of electromagnetic radiation. H. du Bois found 
Verdet’s constant, Wd, ranged from 0 til61-<l'(#88 when the value for fluorite was 
0'0091; and 0. Junghaus, 0'0197-0'0856. The latter also measured the electro¬ 
magnetic rotation of the plane of polarization and found for Na-light, 1'827°~ 
0'042r for different glasses. H. du Bois, and 0. D. Tavern studied Kerr’s effect — 
i.e. the double refraction developed in an electric field -with various glasses; 
and J. Kdnigsberger, the magnetio susceptibility. 

F. Degen,** and M. Faraday noted that glass adsorbs water, and, according to 
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the letter, glass acquires a certain surface conductivity which renders it 
siiited for electroetatic experiments. A. Fusinieri and A. Bollani, and M. Fwa?!ay 
also referred to the film of air which is adsorbed tenaciously on glass surfaces. 
P, Chappins found that 1-6752 sq. m. of glass surface between O^-ISO" adsorbed 
0-46 c.c. of hydrogen; 0-58 c.c. of air; 1-03 c.c. of sulphur dioxide; and 1-41 c.c. of 
anunonia—between 0“ and 10C°, 0 63 c.c. of ammonia was adsorbed. The amount 
of carbon dioxide was between that of air and of sulphur dioxide. H. Zwaarde- 
makcr found that pyridine is scarcely adsorbed by gl^ss surfaces, though valerianic 
acid is retained by the glass. Observations on the adsorption of gases on glass 
surfaces were made by L. Chiozza, H. Kayser, F. Kohlrausch, P. Mylius, S. Dush- 
mann, D. H. Bangham and F. P. Burt, I. Langmuir, H. G. Sherwood, G. von 
Elissafoff, W. Falta, K. Horovitz and F. Paneth, G. Quincke, P. Voikmann, 
J. E. Shrader, L. Jotilin, A. Smith, F. Weber, E. W. R. Pfeiffer, N. R. Campbell, 
H. Krause, J. B. Hannay, W. Voigt, J. F. Bottomley, J. Caspar, F. Melhom, 

G. Melander, and D. Ulrey. R. Bunsen found that the amounts of water retained 
by 211 sq. ra. at different temp, were ; 

23 * 107 " 215 " 329 “ 415 " 498 “ 603 “ 

Water . . 22-3 14 2 U 'f) 7-0 2'8 0'9 0 0 ragrm. 

Hence, it requires a temp, approaching 5(X)° to remove the adsorbed water from 
glass surfaces. R. Whytlaw-Gray found glass adsorbs and dissolves hydrogen 
chloride ; and that it adsorbs niton. Jl. K. Carver, and R. E. Wilson and T. Fuwa 
studied the adsorjition of toluene by glass surfacc.s; and M. II. Evans and 

H. J. George, the adsorption of sulphur dioxide, ammonia, nitrous oxide, and 
acetylene by powdered glass, and found no evidence that the surface layer of 
adsorbed gas is just one mol. thick— vide adsorption by carbon. I. Langmuir 
discussed the general problem of the adsorption of gases on gla.9s surfaces. 
.1. J. Manley investigated the films of gas on glass. G. C. Schmidt and F. Durau 
mea.sured the adsorption of aniline dyes from soln. by glass powder. B. Warburg 
and T. Ihmori, and II. Krause showed that gla.ss dried at 5(X)° does not adsorb 
carbon dioxide appreciably, while in the presence of moisture much is ad.sorbcd. 
P. Miilfart could not confirm this; but moist and dry carbon dioxide are adsorbed 
by glass. I). H. Bangham and F. P. Burt .studied the ad.sorption of ammonia and 
carbon dioxide by glass. Tho Poilillet effect with glass (1. !), 9) was examined 
by 0. S. M. PouiHet,26 H. L. F. Mel.sens, P. (diappias, ('. Cantoni, T. Martini, and 
F. Meissner. P. Schiitzemberger .said that a high-tension discharge will drive water 
vajmur through glass, tut neither F. Meyer nor M. Beiihelot could confirm this. 
M. Pirani examined the behaviour.of films of moisture on glass under the influence 
of streams of electrons. F. (}. Keyes .studied the errors in gas measurements due 
to the adsorption of the gas, say carbon dioxide, by glass. 

Glasses, glazes, fused silicates, and slags can absorb gas and reject it with or 
without spitting during cooling. The phenomenon was noticed by H. St. C. Deville 
and L. Troost,^® and .7. B. Hannay. Again, I. L. Bell said that the slag from a 
blast furnace afforded evidence of being impregnated with gas, which during the 
cooling of the slag escapes in the form of miniature volcanoes on its surface, or 
bursts out into small jets of flame. If the glass of a vacuum tube used with hydrogen, 
argon, helium, and other gases be fused, it becomes clouded, and, under the nucro- 
scope, is seen to be permeated to some depth from the inside surface by a multitude 
of minute spherical bubbles. Sometimes the melted glass appears to boil, and the 
bubbles can be seen and heard' bflrsting. Observations were also made by 
B. S. Willows; and the Staff of the General Electric Co., J. E. Shrader, S. Brodetsky 
and B. Hodgson, and F. H. Newman studied the disappearance of gas in the 
electric discharge tube. Four explanations have been given. R. Pohl assumed 
that the bubbles are produded by a chemical action between the glass and the 
aluminium disintegrate from the electrodes; F. Soddy and T. D. Mackenzie said 
that the gas is evolved from the glass by chemical decomposition ; and 
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iL A. C. Swinton said that the gas is driven mechanically |nto the glass by the 
(Sthode rays. When the glass is heated, the gas penetrates further and forma 
bubbles on cooling much in the same way that air bubbles are formed in ice. 
J. "J. Thomson said that the gas passes into the glass by ordinary diffusion. 
G. A. Williams and J. B. Ferguson found that glass is impermeable to hydrogen, 
but some glasses are permeable to helium, and some arc blackened when 
heated in hydrogen; and A. Piutti and co-workers, A. Lo Surdo, fi. Cardoso, 
and C. C. van Voorllis examined the diffusion of hydrogen, helium, and neon 
through heated glass. 6. K. Williams and J. B. Ferguson found one c.c. of pyrex 
glass, sp. gr. 2’25, dissolved 0'00836 c.c. of helium (at n.p. 8) at 515“ and press. 
752-765 mm. B. Moore and J. W. Mellor also observed the dissolution of hydro¬ 
carbon gases in lead-silicate glass—about M c.c. of gas (s'r 100 grms. of glass; 
and E. W. Washburn found that all varieties of glass dissolve gases, and the gas 
is thus liable to efferverscc violently from the liipiiil glass if the press, be reduced. 
J. E. Harris and E. E. Schumacher studied the gases from glasses of different 
composition; the contained gases are principally carbon and sulphur dioades, 
water, oxygen, and nitrogen. J. W. Hyde end R. lluddart analyzed the gases in the 
bubbles in glass. In agreement with these ob.servations, M. Berthelot found that 
hot glasses are somewhat pervious to hydrogen, carbon monoxide, and oxy^n 
gases, and C. Zengholis reported that glasses are similarly prineable to iodine 
vap., but A. Stock and H. Heyemann were unable to confirm this observation. 
The subject was discussed by G. Quincke, H. H. Landolt, anil B. Tollens. .1. B. Firth 
observed no diffusion of bromine through a thin partition of glass in 9J years 
but with iodine if the glass has been pmviously heated to 300° a small diffusion 
occurred. D. CIrey observed no diffusion of atm. air through gis.sa at temp. U[) 
to the softening point. M. Pirani found that the distillation of mercury in vacuo 
removed the film of air adsorbed by gla.s3 surfaces. K. von der Grinten showed that 
powdered glass adsorbs alkali from aq. soln., and the amount per sq. cm. of surface 
varies with the cone, of the soln., but reaches a maximum with I'OxlO'* mols. 
persq. cm. 

F. Kohlrausch ** measured the hygroscopicity of powdered glass and found 
the percentage gain in wt. by different glasses varied from 2 to 18 per cent. The 
durability of glass exposed to moist air depends largely on its power of resisting 
attack by water. Dry glass, said R. Bunsen, resists attack by dry carbon dioxide. 
F. Mylius and F. Forster showed that the weathering of glass begins by the adsorp¬ 
tion of water, then the water is absorbed, and hydrates pro formed. The alkaline 
components arc liberated, and the corresponding carbonates are produced. Lead 
glass is blackened when heated in an atm. of hydrogen sulphide, or hydro^n 
owing to the fonnation of lead sulphide. M. Faraday observed the blackening 
of flint glass in dwelling-houses owing to this cause ; and a bottle of such glass was 
found by G. Bischof to be eroded and blackened by ammonium hydrosulphide. 
Ammonia vap. acting on the exposed surface of glass windows in the vicinity of 
stables and manure heaps is markedly corrosive. D. H. Bangham and F. P. Burt 
investigated the adsorption and desorption of carbon dioxide, sulphur dioxide, 
acetylene, and ammonia by glass. E. Mellor discussed the accelerating influence 
of lichen growths on the deterioration of glass. 

E. Zschimmer studied the action of ait and dry dust on glass kept in a room 
for a number of years. Silicates and borosilicates with up to 20 per cent, of BjOs 
free from lead and alkali showed under the microscope (X 80-120) a uniformly 
spread alteration of the whole surface, cortsirfling either of minute drops or of a 
network of crystals, due to the slow separation of potash or soda from the silicate, 
and the subsequent formation of deliquescent potassium carbonate or crystalline 
sodium carbonate. Borate glasses absorb moisture without becoming damp, and 
simply swell on the surface, which is not visibly altered till the expansion becomes 
so great as to tear away the surface from the layers beneath when the whole surface 
becomes cracked and fissured. This cracking can be produced at an earlier stage 
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if the glass be heated $o 170“. Similar boTosilicates free from lead but contaisin^ 
alkali showed surface alterations only in the vicinity of specks of dust. The 
alterations consist in the deposition of minute drops of water, in the formation of 
crystals radiating from the speck, in a combination of both of these appearances, 
or, in the case of lead glasses, in a blackening near the speck, due to metallic lead 
or its sulphide. The nature of the dust (whether a hygroscopic body or an organic 
or sulphur-containing substance) is, of course, operative, as well as the composition 
of the glass, in determining the nature of the alteration of the surface. In lead- 
free silicates, the decomposition depends on the amount of alkali in the glass. 
With 10 per cent., dust-decomposition readily sets in, and with 20 per cent, or over, 
the separation of alkali sets up air-decomposition. In lead-containing silicates, 
the proportion of lead, as well as that of alkali, determines the ease with which 
decomposition occurs; but dust-decomposition will occur in silicates containing 
20 per cent, or mote of lead, even though free from alkali. The decomposition of 
borate glasses containing over 20 i)er cent. B 2 O 3 , and over 20 per cent. PbO occurs 
with the sejiaration of the lead oxide not only on the outer surface, but in some 
of th(? layers below, pnalucitig an iride.scenoi! similar to that observed in 
labradorite and similar minerals. This iride.scenc(! is not removed by rubbing 
or polishing the surface, and is increased in intensity by heating the glass. The 
borosilioates are, on the whole, the least easily decomposable glasses; the alkalies 
seem to separate out less easily than from the silicates, and with a given alkali- 
content there is much less tendency to the appearance of hygroscopic moisture or of 
crystals on the surface than in the case of silicates. The phosphate glasses are all 
hygroscopic. The microscopic apjiearance is similar to that of the hygrosoojiic 
alkali silicates, though the crystals of phosphoric acid or of phosphate are easily 
recognizable. The dimming of optical glass owing to the formation of a film or 
deposit on the surface may give trouble. In order to enhance the desired optical 
qualities, the product may have a small margin of safety, and would not retain 
its polish and transparency under ordinary conditions of use. Optical glasses 
which are markedly unstable in the atm. are used only for combinations in which 
they can be cemented between two lenses or more durable glass. The method of 
testing optical glass for durahility on exposure has been described by F. Mylius, 
W. Morey, ,1. W. French, F. Forster, A. V. Klsden, 0. Roberts and H. S. .Tones, 
E. Zschimmer, W. H. Withey, and F, R. von Bichowsky. W. D. Bancroft thought 
that mercury would wet glass if the adsorbed air were removed, and E. E. Schu¬ 
macher found that this was true with some glasses, and with quartz. 

A. L. Lavoisier, and it W. Scheele were familiar with the fact that the glass 
vessels emjiloynd by the chemist arft attacked by water (1. 2, 4), forming a soln. of 
alkali silicate, and flecks of silica or calcium silicate. The early chemists thought 
water could be transmuted into an earth by boiling it in glass vessels. II. Davy 
also proved that the alkali produced during the electrolysis of water is derived 
from the. glass of the containing vessel (1. 2, 6 ). R. Weber, and F. Mylius observed 
that glass levels containing moist ether acquire an opaque coating on the inside 
owing to the action of water on the glass. The subject is of importance in certain 
analytical processes, as discussed by B. Reinitzer, G. Kreusler and 0. Henzold, 
E. Bohlig, E. Hoycr, J. Kjeldhal, E. Jalowetz, K. Barclt and H. Schonowald, 

C. Liebermann, etc.; and mal-observations may occur if the fact be overlooked. 
Thus, the trace of alkali dissolved from glass was show.n by M. Berthelot, and 

D. M. Kooij to act as a catalytic agent modifying the course of some chemical 
reactions. H. Moissan and F. Sicitlens found that silicon is slowly attacked by 
water at 100 ° in glass vessels through the traces of alkali dissolved from glass, 
J. S. Stas, and T. W. Richards emphasized the error introduced in at. wt. determina¬ 
tions by the use of glass vessels. R. Weber showed that microscopic objects pre¬ 
served between glass plates might undergo change owing to the instability of the 
glass. C. Nicolardot, G. W. Morey, J. W. French, 6 . Bischof, J. N. von Fuchs, 
M. Faraday, J. B. A. Dumas, T. Griffiths, and D. Colladon cited experiments 



SILICON 


641 

TOnfiiping these observations. F. Mylius showed that much alkali but relatively 
little silica is extracted, and G. Bischof noted Jhat moist glass powder reddens 
turmeric paper; red litmus is likewise coloured blue; phenolphthalein and 
hmatoxyline are coloured red or purple; F. Mylius showed that a soln. of iodine 
and starch is coloured blue, and that the orange-yellow soln. of iodeosin in aq. other 
is changed red—this reaction has been made quantitative—and similar remarks 
apply to R. F. von Walther’s observation that a yellow soln. of alizarine becomes 
reddish-violet. Tests—quantitative and otherwise—were devised by R. Weber 
F. Mylius, F. Mylius and F. Forster, F. Mylius and E. Groschuff, F. Haber and 
H. Schwencke, Fi. Baroni, E. W. Ilagmaier, W. L. Baillie and F. E. Wilson, 
L. Krobor, W. L. Baillie, T. Kato, W. H. Withey, K. Zsehimmor, W. E. S. Turner^ 

A. E. Williams, etc. The Institute of Chemistry has prepared a specification for 
testing glass. G. W. Morey has discusst'd in a general way tlic effect of the com¬ 
position of glass on its corrodibility; and E. Turner, and {' Barns, the action of 
steam on glass. 

F. Mylius found that potash water-glass is more susceptible to attack than soda 
water-glass. F. Mylius and F. Forster found that the solubilities of potash and 
soda glasses diminish rapidly as the proportion of lime increases. F. Kohlrausch 
analyzed the material removed from glass by the solvent action of water. Numerous 
comparisons of the solvent action of water, etc,, on glasses of different countries 
and different firms have been made. The general (of course erroneous) impression 
one gets is that each country, and indeed .each firm, can produce a more re.Hi8tant 
glass than any other country or firm. Observations on the solvent action of water 
on different gla.sse3 were made by R. Weber, F. Kohlrausch, F. Mylius and 
F. Forster, ,1. Belouzc, A. Daubree, A. Vogel and C. Reisohaucr, II, C. Sorby 

B. Tollens, A. E. William.s and S. E. Fox, 0. Lecher, J. Wolf, J. Korner, L, Appert 
and L. Henrivaux, P. Nicolardot, H. von Schwarz, R. von Rieth, L. A. Palmer 
D. E. Splitgerber, P. H. Walker, E. C. Sullivan, W. E. S. Turner and co-workersi 
R. Warington, R. Cowper, F. Cedivoda, and P. Nicolardot. 0. J. Peddle 
studied the solubility of the binary and ternary glasses, SiO^-Nao0-K,0 
SiOa-CaO-NasjO or K^O; SiOa-BaO-NaiO or K»(); and SiO^ PbO NajO 
or K 2 O; 0. Keppeler, baryta and sirontia glasst's; and G. Bluiuenthal, and 
W. E. S. Turner, the solubility of boric oxide frits. The above diisoussion may give 
a wrong idea of the ndative solvent action of water on ghuss. With good glassr^s only 
minute port,ions of alkalies are nmioved after a prolonged action. If it went 
otherwise, the use of glass for domestic purpose's would affect the composition and 
flavour of food stuffs, and liquids with which it is brouglit in contact. Similarly, 
if window-gla&s under normal conditions were appreciably attacked by rain-water 
or gases of the atmosphere, its use would be less satisfactory than it is to-day. 
P. Volkmann could detect no difference in the capillary rise of water in glass tubes 
made of different materials. 

E. Pfeiffer showed that glass is attacked by water more vigorously when the 
temp, is raised, and F. Kohlrausch found that the solvent actions at ID'S'’, 17'2°, 
and 23 6° arc related as 1:2 7:7'4. Superheated water is an active corrosive 
agent as shown by the short life of the gauge glass tubes of steam-boilers working 
under high press. It is probably not steam, but liquid, which is the potent agent. 
This is shown by the corrosion above the water-line Ireing in special tracks cut in 
the glass as the water condensed on the glass tube and trickled down. (J. Barns 
found that liquid water attacks glass so rapidly at 185°, as to choke up the glass 
tubes in which it was confined by separatibn bf hydrated silica. F. Forster made 
a number of observations on the resistance offered by different ty|)e8 of glass to 
water under a press, of steam at 183° in closed vessels. 0. Schott and M. Herschko- 
witsch, and F. Krull investigated the effect with different kinds of glass when used in 
contact with hot water and steam up to 40 atm. press. F. W. Hodkin and 
W. E. S. Turner found soda-lime glasses are quickly attacked by steam and water 
at 2-25 atm. press. The action decreases as the proportion of lime is increased. 
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E. Turner studied the action of high press, steam on glass and silicate^; and 
0. Schott and G. Linci showed that at 250° and 35 atm. press., a borosilicate glass 
absorbed 7 per cent, of water in 3 weeks. It is inferred that the absorption of 
water is not due to chemical combination, but rather imbibition by a gel. 0. Schott 
and G. Linck found that powdered glasses adsorbed up to nearly 16 per cent, of 
water when heated with water in an autoclave for 30 days. The dehydration was 
not completed below 1000°. ^ 

When old soda-glass tubing, which has stood in the, laboratory for some time, is 
heated, the outer surface may become exceedingly rough owing to the exfoliation 
and splintering, or to the development of innumerable spits—presumably by the 
evolution of absorbed water. Observations on this subject have been made by 
F. Mehihorn, E. Priwoznik, and A. R. von Schrotter. 0. Schott observed similar 
results with the thermometer tubes which had been immersed in boiling water for 
some days; he also found soda glasses are less affected than potash glasses. 
F. Forster found that water is always taken up when glass is acted on by liquid 
or steam, and hydrated products are formed—jurfe alkali silicates, hydrated water- 
glasses. 

All kinds of glass are quickly corroded by hydrofluoric acid, forming silicon tetra- 
fluoride, and fiuosilicates of the alkalies, akahne earths, etc. H. Moissan found that 
thoroughly dried hydrogen fluoride attacks glass, but dried fluorine attacks it only 
slowly, and no action was observed at —187°. The etching of glass—H. F. Smith— 
and pottery glazes is effected by me.ansof this acid. In the case of aluminous and 
plumbiferous glazes and glaisses, the acid is mixed with some ammonium acetate 
to prevent the formation of a protective depo.sit of sparingly soluble fluorides on the 
parts to be attacked. According to J. B. A. Dumas, glass which has a low pro¬ 
portion of silica is attacked by boiling sulphuric acid; and glass which is easily 
devitrified is attacked by boiling hydrochloric or nitric acid, and by aqua regia. 
The acids diasolve out the alkalies, alkaline earths, and bases, while silica separates 
out. The acids attack powdered glass much more quickly than they do a plane or 
curved surface. C. Nicolardot, li. Warington, W. Tepohl, and A. Emmerlingstudied 
the action of dil, hydrochloric acid on glass. T. Griffiths found that boiling hydro¬ 
chloric acid extracts potash only, not lead oxide, from glass. This statement is 
very doubtful in view of the action of that acid on lead silicate glasses, discussed 
by T. E. Thorpe and C. Simmonds, W. Jackson and E. M. Rich, and W. Thomason— 
vide lead-silicatc glasses. H. Hess said that in distilling hydrochloric acid from a 
green glass retort, potassium chloride, ferric chloride, and silica were dissolved, and 
a cry'stalline sublimate was formed. K. Beck investigated the solubility of plumb- 
iforous glasses in acetic acid—w'de lead silicates. Glasses which resist attack by 
acetic acid were found by J. B. A. Dumas to be sometimes quickly attacked by 
sulphuric acid. R. Warington studied the action of tartaric acid on glass. F. Forster, 

M. Bcrthelot and L. P. St. Giles, E. P. Poste, E. Egger, P. H. Walker and 
F. W. Smither, F. Cedivoda, W. Tepohl, W. E. S. Turner and oo-workers, etc., 
investigated the action of acids on glass. They found that for one and the same 
glass, the loss of weight at 1(X)° was the same whether sulphuric, or nitric acid of 
normal, deoinormal, or millinormal cono. be used. Cone, acids are less active than 
dil. acids; and all the dil. acids were less active than water. Hence, F. Forster 
concluded that the acid doe's not act directly on the glass, but merely modifies the 
action of water. The efiMts with superheated acids—^at 160°-190°—were some¬ 
what similar. F. Forster explains the action of acids on glass somewhat as follows: 
The first action involves the dissolution of alkali by the water. Underotdinary 
conditions the alkaline soln. so formed is more active than water—uidle infra. 
The acid neutralizes the alkali and prevents it accelerating the attack, and the 
neutralization is effected more quickly with cone, than with dil. acids. The 
influence of the cone, is greatest when the alkali is being most quickly extracted, 
namely, at a high temp. The character of the action of water on glass is not 
altered by acids; the difference is merely due to the fact that the acid prevents 
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the acooinulatioa of free alkali in the sols. The alkali is more completely washed 
out of the glass by acid soln. than it is by water alone. A few silicates—e.j. 
wollastonite, labradorite, and sodium metasilicate glass—are directly attacked by 
acids, and more quickly by cone, acids than by dil. acids; and diL acids more 
quickly than by water. The glass Ns20.3Si02 behaves towards acid soln. like 
ordinary glasses. The mechanism of the action of water on glass was discussed 
by F. B. von Bichowsky. The resistance of lead glasses to acids was found to bo 
increased by long cxpdsure to the acid. £. Siegwart found that flue gases con¬ 
taining sulphurous gases produce a white film of alkali sulphate on gloss; and 
E. Priwozsnik observed a similar effect produced on the cylinders about the flame 
of coal gas. E. Cowper examined the action of aq. soln. of hydrogen sulphide. 
E. Fr^my and L. Cl^mandot produced iridescent films on glass by the action of 
10-12 per cent, of hydrochloric acid at 120°-150“. P. Jamiasch decomposed 
various silicates by hydrochloric acid at high temp, and press. The effect of aq. 
soln. of carbon dioxide has l)een discussed in connection with the weathering of 
glass. C. Matignon and G. Marchal examined the corrosion of gla.ss by water in 
the presence of carbon dio.xide under 10 atm. press, during 10 years; L. Pfaimdlcr, 
the action of liquid and compressed vap. of carbon dioxide. J. S. Stas found that 
glass containing lead or aluminium is more readily attacked by acids than is the 
case with potash-lime glasses which withstood the action best. J. W. Mellor found 
that a high content of boric oxide in lend glasses increases the solubility of the 
contained lead oxide in 025 per c.'iit. hydrochloric acid, and conversidy with 
alumina. Alumina helps to counteract the unfavourable effects produced by the 
boric oxide. F. Forster, and G. T. Beilby found tliat the vap. of 8ulphuri(! acid 
attacks gla.sa, and this the more the higher the temp. The sulphuric acid con¬ 
tained in the products of combustion of coal and coal-gas attacks glass, giving it 
a white coating of alkali .sulphates ca.sily removed by washing with water. 
.1. B. A. Dumas found that all kinds of glass are decomposed by hot cone. soln. of 
phosphoric acid ; and the action of this acid was also investigated by K. Hiittner. 
llypophosphorus attacks glass even more, rapidly than phosphoric acid. 

' Glass is attacked by soln. of sodium or potassium hydroxide, and silica jjasscs 
into soln. The attack is facilitated by raising the te.mp., or increasing the cone. 
At ordinary temp., the alkali-lye in glass bottles dissolves the glass and cuuises 
it to crack. F. Forster investigated the action of the alkali-lye on <lifferent kinds 
of glass. He found that no sharji line can be drawn between the attack by water 
and by dil. soln. of the alkalies. The alkali extracted by ^.ater from glass, so long 
as it remains near to the glass and is therefore only moderately diluted, strengthens 
the attack in two ways : (i) by swelling up the surface, and (li) by dissolving silica— 
particularly at high temp. Very dil. soln., say millinormal, attack glass no more 
quickly than does water, but if the alkali soln. be more cone, the attack is quickened, 
and this the more with increasing cone. With lime-alkali glasses, the alkali silicate 
is dissolved, and the calcium silicate is left undissolved, so that the surface appears 
to be dulled. If the alkali-lye be more cone., the calcium silicate is also attacked, 
so that a 2V-NaOH soln. dissolves calcium silicate as a whole. No materially 
increased attack occurs by raising the cone, of the soln. The attack by cone. soln. 
of alkali hydroxides decreases by lowering the temp. The order of attack is 
soda-lye (most vigorous), potash-lye, ammonia soln., and baryta-water. Glasses 
do not usually differ so much in susceptibility to attack by alkali soln. as by water. 
W. E. S. Turner and co-workers found that after 3 hrs.’ action of 2Af-Na{)II, the 
losses in mgrms. per sq. dcm., at different tentp. Vere: 

20 ° 40 ° 60 ° 80 ’ 90 ’ 100 ’ 

Loss . .OX) 1-7 4 1 18-9 31 7 74'2 

The results vary with different glasses; F. Mylius and P. Forster found that with 
one glass the rate of attack was 1900 times faster at 80° than at 0“. They also 
examined the effect of magnesia on the resistance of glass to attack by alkaline 
soln. The action of alkalies on glass has been also studied by G. C. Schmidt and 
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F. Durau, W. E. 8. Turner and co-workers, and P. H. Walker and P. W. Smithers, 
of soln. of barium, strontium, and calcium hydroxides, by F. Jones ; and of baryta- 
water, by C. Bunge. 

T. Griffiths, P. H, Walker and F. W. Smithers, P. Nicolardot, and A. Emmerling, 
found that aq. ammonia attacks many kinds of glass, and a flint-glass bottle 
containing a soln. of ammonium carbonate became so fragile that on shaking it 
pieces of glass were detached. B. Silh’man found that a dry mixture of ammonium 
chloride and m'trate attacks glass when heated m contact therewith; and 
R. F. Marchand observed a similar effect with dry ammonium sulphate or hydro¬ 
sulphate. P. Nicolardot, and F. Forster investigated the action of soln. of alkali 
carbonates on various glasses, and found that the attack is greater than with soln. 
of the alkali hydroxides.. Sodium carbonate exerted a greater action than potassium 
carbonate. Alumina increases the resistance of glass to alkali carbonates. 
H. D. Richmond found a specimen of potassium carbonate containing less than 
5 parts per million contained 120 parts of lead after being kept in a lead-glass bottle 
for 9 weeks. E. A. Coad-Pryor made some observations on this subject. A soln. 
of sodium sulphate did not have any marked effect; but soln, of sodium phosphate 
have a marked action; and aluminiferous glasses have a greater resistance than 
alumina-free glasses. W. E. S. Turner and T. E. Wilson examined the action of 
soln. of sodium phosphate. P. Nicolardot, and A. Emmerling studied the action 
of aq. soln. of ammonium chloride, etc., on glass. R. Cowper examined the action 
of ammonium sulphide soln. on glass: A. Lachaud and C. Lepierre, the action of 
ammonium hydrosulphate; and J. H. Smith, the action of sodium phosphate. 

E. C. Sulbvan found coarsely powdered window glass became blue by contact with 
a soln. of cupric sulphate owing to the exchange of bases. 

M. Berthelot studied the action of aq. soln. of alcohol, glycerol, and organic acids 
on glass; E. Weber, and F. Mylius, the action of aq. ether; and R. Weber, the 
action of aq. alcohol. In 1767, T. Troncbin, in his De colica jridonum (Genevae, 
1767), showed that many wines are able to dissolve lead from the glaze of earthen¬ 
ware vessels in which the wines were stored—lead. R. Warington, and 
A. Frank examined the effect of wines on glass ; R. L. Frink, the effect of beCr ; 

A. Lesuns A. Dian, L. Krober, the effect of pharmaceutical preparations; and 
M. Guerbet, and A. W. Bitting, that of milk. K. Bclicringa observed the adsorption 
of metal salts from drinking water by glass, and he found that lead is precipitated 
chemically on the glass. G. T. Beilby found that halos are fornie<l about pieces 
of metal foil on glass when heated to a Buttiei(!ntly high temp., in the. presence of 
the products of combustion of coal gas and air. The halos are produced by th(^ 
decomposition products of the giants itself. 

F. Gclstharp studied the solubility of sodium sulphate, sodium chloride, and 
calcium and sodium sulphides in glasses; A. I). Holdcrofl, the solubility of zinc 
oxide in glazes; and E. Greishammer, and B. Zsigmondy, the solubility of metal 
sulphides in glass. G. J. Knox found glass is reduced when heated with many 
metals. ' 
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E. Turner, Proc. (Pol. Soc., 2. 95, 1838; C. Barns, Amer. Journ Science, (.3), 38. 407,1889; 
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§ 38. Cement 

The use of lime for making mortar lias been trarxid back to very ancient times. 
There is a reference to mortar in Deuterunontt/ (27. 2), and the analyses of the mortar 
employed in the construction of the pyramid of Cheops, show that the early 
Egyptians must have possessed great skill in the arts of compounding lime-mortar. 
The Assyrians and Babylonians employed clay, or bitumen, or a kind of burnt 
gypsum as a mortar in building with bricks; and the early Greeks used lime as a 
kind of plaster to cover the walls of buildings constructed with unburnt bricks. 
-About a century and a half before our era, Cato the Elder in his De re rustica has 
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several references to the preparation and use of lime-mortar; and Pliny, in his 
Bistoria nalwalis (30. 55), in the first century of our era, referred to a number of 
public buildings in which lime-mortar was used in their construction. Vitruvius 
also, in his De archileclura (2. 5), written near the beginning of our eta, described 
the manufacture of lime-mortar for building purposes. A. F. Goti reported in his 
Museum Elruscum exhibens insignia veterum Elruscomm monuments (Florentise, 1743) 
that tombs and cisterns found near the ancient cities of Iguvium, Clusium, and 
Voltona were built or lined with a calcareous motta|j. The writers in the Middle 
Ages seem to have done little more than follow Vitruvius’ description of lime- 
mortar, but they also mentioned the use of volcanic tufa—santorine, pozzolane, 
and trass—in the production of mortars, and in some cases, the products had the 
property of setting hard.while immersed in water. 

The modem cement industry started in 1766, when J. Smeaton i was employed 
by Parliament to build a lighthouse on the partially submerged rocks at Eddystone 
in the English Channel. He required for the foundations a cement which would 
harden under water. The ordinary lime-mortars then in use completely failed 
to satisfy this condition. J. Smeaton obtained an argillaceous limestone which 
when calcined and mixed with the pumice-like pozzolana, of volcanic origin, 
produced a satisfactory mortar. The pozzolana was found in a few volcanic 
districts, notably in Italy, where it was used in making the famous old Roman 
cement, and further attempts were made to manufacture artificial Roman cements 
without using pozzolana. Most of these were made by burning argillaceous 
limestone. J. Parker, for example, in 1791 made a cement by calcining “ certain 
stones or argillaceous productions,” and it was later called by the misleading 
term Rotmn cement, but, later still, it was called Parker’s cement. In 1818, 
M. St. Leger, and in 1822, J. Frost, also patented the manufacture of cement by 
burning siliceous limestones or marls. In M. St. Leget’s case, the burning temp, 
was not very high, and the products were only hydraulic limes. J. Frost called 
his product British cement. In 1824, .1. Aspdin patented an improved cement by 
heating together an intimate mixture of limestone and clay to a temp, sufficient 
to drive the carbon dioxide from the limestone. Ho called the product Portland 
cement from its resemblance to the building-stone of Portland. Although the temp, 
of burning in J. Aspdin’s first process does not produce a cement like that now known 
as Portland cement, this defect was very soon overcome, and the value of heating 
the raw materials to incipient fusion was discovered in 1825. Consequently, 
j)ortland cement may bo regarded as the finely pulverized product which results 
from the partial fusiori of an intimate mixture of argillaceous and caleareous 
materials in certain proportions; /ind, when mixed with water, it sets to a hard 
stonc-liko mass. It is used largely in constructional work—sidewalks, houses, 
bridges, tunnels, etc.—as a substitute for stone. The strtmgth and permanence of 
the cement depends largely Ujion the constituents formed in the cement during its 
preparation. Numerous patents for improvements in the methods of manufacture, 
etc., have been taken—c.y. by W. H. Hurry, T. R. Crampton, F. Ransome, 
F. W. 8. Stokes, etc. 

Portland cement is usually prepared by heating together limestone and clay; or 
blast-furnace slag and limestone; or any other combination of raw materials containing 
the right proportions of lime; alumina, and silica. The raw materials are crushed, mixed 
in the required proportions to give the necessary ratio CaO.- A1,0,; SiO, and ground to 
a fine powder. The mixture is burneri in a rotary kiln 60-100 ft. long, and 6-8 ft. diameter, 
built of steel pistes lined with firebrickr; 4he cylinders are support^ in a slightly inclined 
position on friction rollers, and slowly rotated. The raw materials are fed into the cylinder 
at one end, and discharged at the other as a partially fused mass in the form of granules 
varying in size from a pea to a large marble and called cement clinker. The fuel used is 
powdered bituminous coal blown by compressed air at the lower end of the cylinder so 
that the raw material passing down encounters a progressively increasing temp. The 
♦in» of transit through the cylinder is about 1} Iot, and the final temp. 1426°. In 
passing through the rotary kiln, the material is first dried, then the organic matter is 
destroyed and the carbon dioxide expelled, and finally there is a chemical reaction between 
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the lime, slumina, and silica to form the clinker. The clinker is ground to a fine powder 
to furnish the Portland cement of commerce, and during the griiiding a small proportion 
of gypsum may be added in order to regulate the time of setting of the cement when it 
is mixed with water. 

R. K. Meade gave for the average composition of good grades of portland 
cement: 

OsO Al,0, 810, re,0, MgO 80, 

82-0 7-8 22 0 2'8 2-5 IB 

• 

showing that more than 90 per cent, consists of the throe oxides CaO, AljOs, and 
SiOj. The other oxides exert only a secondary inliuonce, and a good portland 
cement has been made from these three oxides alone. G. A. Rankin and 
F. E. Wright have investigated the possible compounds of lime, alumina, and 
silica at high temperatures, and the results arc summarized in the ternary diagram, 
Fig. 161; but since the relative proportions of the three oxides in good cements 
vary between comparatively narrow limit.s—60 to 64 per cent. CaO; 5 to 9 per cent. 
AljOj; and 19 to 25 per cent. SiO™—the practical problem is concerned w'ith only 
a very restricted portion of the ternary field. 

G. A. Rankin and F. B. Wright have shown microscopically that commercial 
Portland cement clinker contains over 90 per cent, of a mixture of the three com¬ 
pounds, 2Ca0.Si02, SCaO.SiOg, and SCaO.AljOs, and it is therefore inferred that 
the cementing value of portland cement is largely due to one or more of these 
compounds. When a mixture of 64 per cant, of CaO as carbonate, 8 per cent, of 
alumina, and 23'6 per cent, of silica is slowly heated, the principal changes which 
occur in different intervals of temperature during the formation of clinker are 
summarized by G. A. Rankin in Table XVIII. While We lime is present at 1460°, 


T*bi.e XVlIl. —^The Tempehati'res or Formation ok the Constiti'ENTS ok 
]N)rti,a.nii Cement. 


lUw mix. 

1000”. 

i 1000”-133B". 

lS8a"-H50”. j 

CaCO, 

CaO 

CaO 

CaO, Flux 

.41,0, 

AI.O, 

BCaO.SAIjO, 

3Ca0.AI,0, 

SiO, . 

SiO, 

2Ca0.Al.,0, 

SCaOAIjO, 

2Ca0.8i0, 

3Ca0.8i0, 


2(;aO.SiO, 

3Ca0.8i0, 

3t;a0.Al,0, 


it is entirely combined when the temperature reaches 1660°, and the cooled clinker 
has the composition indicated in the last column of the table. The small amounts 
of ferric oxide, magnesia, and alkalies always present under manufacturing con¬ 
ditions lead to the formation of a flux at a lower temperature than with pure 
materials, and this promotes the combination of lime with alumina and silica. 
Thus, G. A. Rankin has shown that the impurities were mainly MgO, FejOs, and 
alkalies. The second sample examined was commercial white portland cement; 
the third, a common grey variety. The three types of clinker are made up largely 
of the same constituents: tricalcium silicate, dicaloium silicate, and tricalcium 
aluminate, all compounds of the three major components of cement. If the clinker 
of the grey cement of Table XIX were perfectly burned it would contain about 36 per 
cent, of SCaO.SiOj; 33 per cent, of flCaO.SiOj; 21 per cent, of 3 Ca 0 .A 405 ; and 
10 per cent, of the minor constituents. If the raw materials be imperfectly ground, 
or inadequately fired, the chemical tcactioni will not be completed. The com¬ 
pound SCaO.SiOj is the last to form by the combination of lime with dicalcium 
silicate: CaO-f2Ca0.Si02=3Ca0.8i02, and therefore if imperfectly burned the 
cement will contain free lime and more 2 Ca 0 .Si 02 — according to the particular 
stage at which the reaction was arrested. The presence of free lime is detri¬ 
mental, leading to the early disintegration of the cement, but increasing the 
proportion of combined lime increases the percentage of 3Ca0.8i0j, and also 
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Table XIX.— The Composition and Burning Temperature or Portland 
Cement. 


PerceDtoge compositloa. 

Burniog 

temp. 

Constltuente of cement clinker. 

i 

CaO. 

Al,0,. 

BIO,. 

! Imparl* < 
ties. 

flS-t 

8-0 

23-6 

1 

0 

1660° 

2CaO.SiO,; 3CaO.SiO,; 3CaO.AljO,. 

«6-2 

6-4 

26 0 

2-4 . 

1626” 

2CaO.SiO,; 3iCaO.SiO,; 3Ca0.Al,0„ 
with a small amount of lime. 

63-2 

7-7 j 

22-4 ' 

6-7 

i 

1426” 

2CaO.SiO,; 3CaO.SiO,; SCaO.AljO,, 
with small amounts of lime. 
6Ca0.3Al,0„ and ferrites. 


the strength of the cement. This is the most important constituent of portland 
cement, and it is formed with the greatest difficulty; this constituent is the one 
which hardens and develops the greatest strength within a reasonable time. 

In 1818, L. J. Vicat^ also experimented on the cements made by calcining 
mixtures of lime and clay, and his Recherches experimenidks sur Us chaux de con- 
nniction, Us betms, et Us mortiers ordinaires (Paris, 1818), started in 1812, was an 
attempt (i) to find the relation between the quality of hydraulic lime and cement, 
and the chemical composition of the raw materials; (ii) to find the nature of the 
compounds formed during burning; and (iii) to find the changes which occur when 
cement is mixed with water and hardens. This work may bo regarded as among 
the earliest of the attempts to found a “ chemi.stry of cements.” Other observa¬ 
tions were reported by J. F. .lohn, C. L. Treussart, R. Quist, S. Rinmann, R. A. Vogel, 
J. Ziegler, J. A. C. de la Faye, 15. Faujas de la St. Fond, J. A. C. Chaptal, H. V. Collet- 
Uescotils, C. F. Wiebeking, E. Candlot, B. F. Beiidor, P. Berthier, J. N. von Fuchs, 
H. Meyer and C. M. Kersten, F. Kuhlmann, J. Kreating, etc. E. Jordis and 

B. H. Kantcr have compiled a bibliography dealing with work on the nature and 
properties of portland cement from the time of L. J. Vicat. 

H. le Chatelier, and A. E. Tornebohm noted microscopically four different 
constituents in cement clinker. The two kinds which predominate have been 
called alite and celite. The former is the predominating constituent, the latter 
appears as a filling material or matrix between the grains of alite. This suggests 
that alite is the main product of the clinkering of cement, and that celite is the 
more fusible portion or fiiix which has solidified after the crystallization of the alite. 
In well-burnt cements flie crystals of alite have sharp outlines, in poorly burnt 
cements the outlines are rounded and indefinite. 0. Schmidt has prepared 
crystals of pure alite. The celite is usually a deeper colour than the alite, pro¬ 
bably because the ferric oxide tends to accumulate in the flux. According to 
H. le Chatelier, celite acts on polarized light, and he gave it the imaginary formula: 
3 Ca 0 . 2 (Al,Fe)j 03 . C. Richardson believed celite to be a solid soln. of dicalcium 
alurainate in dicalcium silicate. The crystals of alite belong to the rhombic 
system, and H. le Chatelier believed this constituent to be a calcareous peridole, 
or lime-olivine, SCaO.SiOj, which on calcination crystallizes in the matrix of celite. 

C. Richardson claimed that alite is a solid soln. of tricalcium aluminate, SCaO.Al^Os, 
and tricalcium silicate, SCaO.SiOj, because the analytical ratio Bases : Silica 
=3:1. The third constituent is called belite, and it resembles alite in some respects. 
It is usually dirty green in colour and striated. It has not been isolated. It is a 
secondary constituent and is found princi{)ally in cements poor in lime. This 
circumstance, and the fact that the crystals sometimes occur partially disintegrated, 
has led to its being considered to be calcium silicate, 2 Ca 0 .Si 02 , i.e. calcium ortho- 
silicate, CajSiO^. H. le Chatelier supposed it to crystallize in the cubic system, 
because he foimd it to have no action on polarized light. He regarded it as tricalcium 
aluminate, SCaO.AljOs, or a solid sob. of tbs compound with dicalcium aluminate. 
The fourth constituent, fellte, is also found in colourless rhombic crystals in blast 
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furnace elags which have partially disintegrated. H. !e Chatelier found it to have 
a ve^ energetic action on polarized light. This constituent has not been isolated, 
and it is considered by H. Kappen to be a solid soln. of dicalcium aluminate with 
the non-hydraulic form of dicalcium silicate, while belite contains the hydraulic 
form of this latter compound. Some magnesium silicate, 2Mg0.Si02t is probably 
also present in solid soln. in the dicalcium silicate. 

\^en Portland cement is mixed with water, a hard mass is formed by chemical 
reactions between the'consl^tuents of the cement and the water. In the first 
stage of setting, the cement mortar sets by passing from a plastic to a solid state 
—this requires a few hours; the cement then hardens by gradually increasing in 
strength—this may occupy years. 6. A. Rankin added: 

Taking the three constituents separately, tricalcium dioxycfioluminate, 3Ca0.Ai|0|, or 
Caj(),(AK),)„ when mixed with water sets ajid hardens very rapidly; the setting and 
haMening are due to the formation of an amorphous hydrate on the individual grains which 
are thus cemented together. The amorphous material sometimes crystallizes. Slabs 
made of this compound remain sound under water, but they develop little strength, they 
are rather soft and are appreciably soluble in water. Calcium orthosilicato, 2(Ja().8iO., 
or Ca^SiOi, slowly reacts with water, and only after many months does a moulded slab 
develop any marked strength; it is not appreciably soluble in water. The cementing 
material is a coating of an amor|)hous hydrate on the individual grains. Calcium hydroxide 
can be leached out from tlie hydrate until 
amorpliuuH silica alone remains. Any 
crystals which develop are hydrated calcium 
hy<lroxide. The ilicalcium silicate is more 
rapidly hydratotl by water saturated with 
calcium alummato. so that in portland 
cement the rate of hydration of the dical¬ 
cium silicate is faster than wiien alone. 

Tricalcium sihcate, 3Ca().Si()„or(.’aaSiO,, 
sots and hardens rapidly. Slabs of this 
compound remain sound, and in a relatively 
short time develop a strength comparable 
with that of portland cement. The 
hydratoil product behaves towards water 
just like hydrated dicalcium silicate. 

According to H. le Chatelier, la reaction 
f()n<laiiu-,nialf., which brings about the 
hardening, is the splitting up of a basic cal¬ 
cium silicate into hydrated calcium mota- 
sihcato and calcium hydroxide : 3Ca().Si0.j 
+Aq. ==2(:a(()H)j+CaO.SiOj.2JH,(). The 
beginning of the hydration and the for¬ 
mation of elongated crystals of the 
hydrated silicate, CaSiOj.^JHiO, is illus¬ 
trated by Fig. 128, where the dimensions 
of the ocieular crystals have been exag¬ 
gerated by doubling their proportionate 
size. The rate of formation of the hydrated 
product is not affected by the presence of the other constituents of portland cement. 
The minor constituent, pentacalcium dioxytrialuminate, 5Ca0.3Ali0„ Ca^fOn, or 
Ca/)^(A10,)f, sets and hardens rapidly. Slabs of this cement when placed in water 
disintegrate rapidly partly owing to dissociation and partly owing to solubility. The 
compound in setting forms an amorplious material on the surface of individual grains, 
and this partially crystallizes. The crystals are probably hydmted tricalcium aluminate. 

G. A. Rankin describes the setting and hardening of portland cement as 
involving the formation of an amorphous hydrated material which subsequently 
partially crystallizes. The initial setting B probably due to the hydration of 
30aO.A]2O3; the hardness and cohesive strength at first are due to the cementing 
action of the amorphous material produced by the hydration of this aluminate 
and of the 3Ca0.Si02; and the gradual increase in strength is due to the further 
hydration of these two compounds together with the hydration of the SCaO.SiOg. 
(H the three compounds which thus take part in the setting and hardening of 
Portland cement, 3Ca0.Si02 appears the best cementing material; that is, this 
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compound is the only one of the three which when mixed with water will set and 
harden in a reasonable time to form a mass which in hardness and strength is 
comparable with portland cenient. The compound 2Ca0.3i02 requires too long 
a time to set and harden in order to be in i^lf a valuable cementing material. 
The compound 3Ca0.Al203 while it sets and hardens rapidly, is rather soluble in 
water and is not particularly strong or durable. From this it would appear that 
tricalcium silicate is the essential constituent of portland cement; consequently, 
the higher its percentage the better, and that gelatinous silica is the most essential 
constituent of a cement mortar.” The release of gelatinous silica in the action of 
water on tricalcium silicate is probably the reason why this compound is such a 
valuable cementing material; indeed, certain of the toughest sandstones are made 
up of grains of sand bonded together with gelatinous silica which was gradually 
deposited from soln. on to the grains of sand, and subsequently hardened. 

P. H. Bates and A. A. Klein thus describe their observations of the different 
constituents during the setting of portland cement: 

At early periods the conystituents of portland cement of normal composition and manu* 
faoture, in oMer of their strength-conferring properties, are: Tricalcium silicate, tricalcium 
aluminate, and dicalcium silicate. At periods ^yond 28 days tlie dicalcium silicate gains 
sufficient strength to place it almost on an equality with the tricalcium silicate. Tricalcium 
aluminate containing 10 per cent, plaster gains practically no strength after the first period 
at which it was t^tki; that is, 24 hours. Tricalcium silicate of the purity used in this 
investigation (90 per cent. 3CaO.SiO| in one case and 95 per cent, in the other) has all the 
important properties of portland cement,<e8pecially those of the '"rate of setting” and 
strength developed. Dicalcium silicate, such as used m this investigation, sets too slowly 
and attains strength too slowly to be of any commercial value when used alone. Tri- 
oaicium aluminate alone, os used in this investigation, sets too rapidly and attains too 
little strength to be of any commercial value as a hydraulic cementing material. Tri- 
oaicium aluminate, when used to replace about 19 per cent, of the dicalcium silicate (which 
u approximately the amount of alummate present in portland cement) adds somewhat 
to the strength of the latter at the later periods. Tricalcium aluminate, when used to 
replace about 19 per cent, of tricalcium silicate, did not add to the strength of the latter, 
showing rother a slight tendency to decrease it. The addition of 3 per cent, of plaster gave 
higher early strengths but lower later ones. Tricalcium aluminate, when used to replace 
alraut 19 per cent, of a mixture of equal parts dicalcium and tricalcium silicate, increased 
the strength at 24 houra and 7 days, but decreased it at the later periods. It appears, 
therefore, tliat the composition of portland cement should be along lines which would not 
produce a great preponderance of eitiier silu'ate. I'lie ideal cement should possibly have 
an excess of the dicalcium silicate, which would give a not too dense hydrated material, 
gaining strength at later periods. A lesser amount of tiie tricalcium silicate would furnish 
the desired early strength and also overcome the excessive porosity of the dicalcium 
sUicate. It is possible to make a cement that will have the properties of portland cement 
by grinding together the previously separately burned constituents in approximately the 
amounts in wliich they exist in portlai'^d cement. 1 he function of tricalcium aluminate 
in the finished cement is somewhat problematical. A cement with less than one per cent, 
of alumina lias ail the properties of portland cement. Such a cement is, however, not a 
commercial possibility from the manufacturing standpoint, on account of the temperatures 
and amount of burning involved. To state, however, that the aluminate in the finished 
cement is of the nature of a diluent or inert material would bo drawing a conclusion which 
while justified by the present investigation, requires further confirmatory work. The 
actual products of the hydration are those noted by A. A. Klein and A. J. Phillips, excepting 
as not^ before the case of the dicalcium silicate, when apparently during the hydration 
of this compound lime hydrate is fonned. 

Tbe observationB of A. A. Klein and A. J. Pldllips are thus summarized by 
them: 

The hydration of cements is thusibiqught about by the fonnation of amorphous 
hydrated trioaicium aluminate with or without amorphous alumina, the aluminate later 
orystaUizing. At the same time sulphoaluminate crystals are formed, and low-burned or 
finely ground lime is hydrated. The formation of tbe above compounds begins within a 
short time after the cement is gauged. The next compound to react is tricalcium silicate. 
Ita hydration may b^in witlun 24 hours, and it is gener^ly completed within 7 days. 
Between 7 and 28 days the amorphous aluminate commences to ci^tallize and beta- 
orthosilioate begins to hydrate. Although the latter is chief constituent of the 
American portland cements, it is tlie least reactive compound. The early strength 
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(24 boon) of oementa is probably due to the hydration of free lime and the aluminates. 
The increase in strength between 24 hours and 7 days depends upon the hydration of tn- 
oaleium silicate^ although the further hydration of dominates may contribute somewhat. 
The increase between 7 and 28 days is due to the hydration of beta-caiciura orthosilicate, 
but here are encountered opposing forces, in the hydration of any high-burned free lime 
present and in the orystallization of the aluminate. It is to this hydration tluit the falling 
off in strength between 7 and 28 days of very high-burned high-limed cements is due, 
whereas the decrease shown by the high alumina cements is due to the crvatallization of 
the aluminate. Finally, the iron in the cement is resistive to hydration and does not form 
any definite crystalline hydrati<^ products, but occurs as a rust-like material. 

These theories of the setting involve the crystallization of one or more con- 
.stituents. A. Michaelis advocated a colloidal theory of setting in which the 
formation of a colloidal substance is the essential feature; and W. Kosenhain 
argued in favour of the colloidal theory in another form by assuming that the solid 
grains are initially surrounded by a liquid .soln. of certain constituents which 
solidifies owing to the removal of water—by |)ercolation or chemical action. This 
solidification may take place by crystallizatio!i, but if very thin it may congeal in 
an amorphous condition. These amorphous films or layers impart to the whole 
mass its great hardness and strength. 

According to E. Martin,* if a mixture of a mol of silica and two mols of calcium carbonate 
be heated at 1200'^, and the free lime removed with a soln. of sugar, the resulting silicate, 
lOCaO.SSiOj, or (CaiSiOi)^. is inactive as a cement. It is completely soluble in acetic 
acid ; sodium carbonate removes 3 mols. of the silica from it. ('ement silicate is obtained 
by heating a mixture of a mol of silica with 3 mols of calcium oxide at 1400 '; it is 
never free from the inactive silicate, 5Si(),.10(jaO, but ite composition is deduced to be 
3$i02.13C'a0. It is completely soluble m acetic acid, but is unaffected when boiled for 
a short time with sodium carbonate soln.; prolonged treatment with the cold soln. removes 
2 mols. of the silica. When it sets there is liberated 3Ca(OH)| with the formation at first 
of 5 SiO 2 .lOCaO. 2 HgO, which gradually undergoes further hydrolysis. When setting takes 
place in presence of carbon dioxide a protective coating of calcium carbonate is formed. 
Prolonged heating of silicate cement at IDOO"* causes it to dissociate into 5SiO2.10CaO and 
3CaO. Tlie silicate thus formed is not identical with the inactive silicate of the same 
composition, but is of a little value as a cement. A liydraulic cement of the composition 
5SiO„8CaO was obtained by heating a mixture of hydrated silica (obtained from the 
acetate) with 2 mols. of CaCOg at 1200‘\ 

The physical and chemical properties of portland cement, and the effect of 
various salts on the setting and endurance of the cement are described in special 
books on the subject. 

S. Habianitsch, Nemre Zementforechungen, Berlin, 1908; C. H. Desch, Tl^e (Chemistry 
and Tefiting of Cetmnl, London, 1011 ; U. Kiih), Zement und morteltechnische A’fudtVn, 
Berlin, 1913; H. Kiihl and W. Knothe, Die Clhemte der hydraulischen BindemiUel, Leipzig, 
1916 ; E. Lwluc and G. Chenu, ('hanx, (HmetUn, Pldtres, Paris,* 1912 ; B. Blount, Cement, 
London, 1920; H. Burchartz, Hydrauliecf^ir Kalk, BerUn, 1913; D. B. Butler, Portland 
Cement, London, 1913; S. Kasai, Portlandzemtnt mil Puzzolanzusaiz, Berlin, 1911; 
A. C. Davis, Portland Cement, London, 1909 ; A Hundred Years of Portland Cement, 1824- 
1924, London, 1924 ; E. 0. Eckel, Cements, Limes, and Plasters, New York, 1922 ; F. Quiet- 
meyer, Zur Qeschichte der Erfindung dc-s PorthndzetmrUes, Berlin, 1912; C. Nosko, Die 
PortUrndzement-Fabrikation, Leipzig, 1914; R. K. Meade, ]*ortUmd Cement, Easton, Pa., 
1911; H. E. Howe, The New intone Age, London, 1921; O. Wheatley, OmamenkU Cement 
Work, London, 1912 ; W. P. Taylor and S. E. Thompson, I'reatise on Concrete, New York, 
1919 ; 0. R. Redgrave, Calcareous Cemeuls, London, 1895 ; G. R. Redgrave end C. Speck- 
man, Calcareous Cements : Their Nature, Manufadure, and Uses, London, 1924; C. Schoch, 
Die modeme Aufbereitung und Weriung der Mdrid^Moterxedien, Berlin, 1896; F. P. Sfialding, 
Hydraulic Cement, New York, 1903 ; A. Considere, Experimental Researches on Reinforced 
Concrete, New York, 1903 ; E. Candiot, Ciments et chaux kydrauliques, i’aris, 1898 ; htude 
pratique sur le ciment de Portland, Paris, 1866; W. Michaelis, IHe hydraxilisckm Mdrtel, 
Leipzig, 1869 ; Zur Beurteilung des Cemmtes, Berlin, 1876. 

The so-called ciment fondu, ciment noW, or dmsM electrique is made by fusing the raw 
materials in an electric furnace Its composition approximates 8iO„ 10; AlgO,, 42; 
CoO, 42; Fe,0|, 46. Ihe fused material is ground extremely fine^ and magnetiz;(^. It is 
used in place of portland cement when quick-setting is specially desired. 

RErERBiecB.s. 

^ J. Smeaton, Narrative of the Budding, sic., of the Eddystone Lighthouse., I^ondon, 1791 ; 
C. W. Pasley, (^sereations on limes, cileareous cements, mortars, stuccos, and concrete, London, 
1838, and 1847; J. Aspdin, BrU, Pal. Nos. 5022, 1824 ; 5180, 1825; J. Parker, ib., 1806,1791 ; 
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2120,1796; J. Frost, »6., 2079, 1822 ; 4772,1823; M. St. teger, ifc., 4282, 1818; W. H. Hurry, 
ib., 23145, 1895 ; 2896, 1898; T. K. Crampton, ib., 2438, 1877; F. KAnsome, ib., 5442, 1885; 
F. W. S. Stokes, i6.,M80, 1888; Higgins, t6., 1207, 1779; ExperimeiUs and Observalions 
made with the view of improving the art of composing and applying calcareous cements, London, 
1780; R. K. Moade, Portland i'ement, Easton, Pa,, 1911; G. A. Rankin, Journ. Franlclin, Inst., 
181. 747, 1910; G. A. Rankin and F. E. Wright, Amer. Journ. Science, (4), 1, 1915; 

A. C. Davis, A Hundred Years of Portland Cement, 1824-1924, London, 1924 ; 0. Merkel, Die 
Ingenieurkunst in AUertum, Berlin, 1899; F. Quietnieyer, Zur OescHichte Erfindung dec 
PorUandzementes, Berlin, 1912; I. C. Johnson, Brief History of Cements, Kansas City, 1909. 

* L. J. Vicat, Hexherckes expkimcntales sur lea chaux de consiructxon, les httons, et lea mortiers 

ordinatrea, Paris, 1818; Jiiaum^ dea conaisaancea positives Ahevea sur les qualitia le choiz et 
la convenance reciproque dea maieriauz proprea d la fabrication dea mortiers et ciments calcaires, 
Paris, 1828; Bec^dua sur lea calcairea argikux incomplUement cuita et sur lea chaux limites, 
Paris, 1840; 8a vie et aa iravaux, Paris, 1903 ; Journ. Phya., 86. 189, 1818; Ann. Chim. Phya., 
(2), 5. 387, 1817 ; (2), 18. 365, 1820; (2). 23. 09, 424, 1823; (2), 32. 197,1820; (2), 34. 102, 
1827 ; (2), 66. 93,1837 ; P. Berthier, ib., (2), 22. 62,1823; (2), 44. 113,1830; J. N. von Fuchs, 
Pogg. Ann., 27. 591, 1833; F. Kuhlmann, Liebig's Ann., 41. 220, 1842; Mhn. Soc. LilU, 148, 
1866; .4ttn. Chim. Phya., (3), 21. 364,1847 ; Compt. Pend., 40.1336,1855 ; 41. 980,1029,1866; 
46. 738,1857 ; 46. 920,1868 ; Ann. Mines, (5), 13. 209,1858; J. Kreating, Brit. Pat. No. 11079, 
1840 ; H. Meyer and 0. M. Kcrstcn, Journ. prakt. ('hem., (1), 24. 405,1841 ; (1), 25. 317,1842 ; 
W. Dyckerhoff, Zement, 13. 386,399,1924 ; H. V. Collet-Descotils, Journ. Mines, 34. 308,1813 ; 
C. F. Wiebekiug, Theoretiach-prakliache Wasaerbuukunst, Munchcn, 1805; C. L. I’reussart, 
Mimoirea aur lea mortiers kydrauliquea et lea mortiers ordimirea, Paris, 1829; Ann. Chim. Phys., 
(2), 20. 324, 1824; .4nn. Mines, (1), 12. 233, 1826; J. F. John, Veber Kalk und Mbrtel, Berlin, 
1819; B. Quist, Svenaka Akad. Ilandl., 32. 61, 1770 ; 34. 117, 1772 ; S. Rininann, ib.. 36. 95, 
1773; R. A. Vogel, Novi Cornnunt. Soc. (loti., 3. 50, 1773; J. Ziegler, Hannover Mag., 6. 18, 
1773; J. A. C. do Faye, Pechcrcftea aur la preparation que le Pomains doniuiknt d la chaut, Paris, 
1777 ; B. Faujas do la Fond, Recherckes aur^lea iHjkans eteinla du Vivaraia et du Vehy, Paris, 
1778; J. A. C. Chaptal, Ann. Chim. Phya., (1), 84. 273, 1807; B. F. Bdlidor, La science dea 
inginieurs, Paris, 1729; Architecture hydraulique, Paris, 1819; E. Candlot, Etude qn-alique aur 
le ciment de Portland, Paris, 1806; E. Jordis and E, H. Kanter, Zeit. angew. Chem., 16. 463, 
485,1903 ; P. H. Bates and A. A. Klein, Properties of the Calcium Silicates and Calcium Alumimile 
occurring in Normal Portland Cement, Washington, 1917 ; A. A. Klein and A. J. Phillips, Hydru' 
lion of Portland Cement, Washington, 1914 ; S. B. and W. B Newberry, Journ. Soc. Chem. Ind., 
16. 1897 ; W. Rosenhain, Trana. Faraday Soc., 14. 54 1918; G. A. Rankin, Journ. 

Franklin hint., 181. 747, 1916; W. Michaelis, Journ. prakt. Chem., (1), 100. 267, 1867; Chem. 
Ztg„ 17. 982,1893 ; Die hydrauliacLen Mdrtel, Berlin, 1869 ; Zur Henrieilung dea Cemeniea^ Berlin, 
1870; H. le Chat<‘Her, Ann. Mines, (8), 11. 345,1887 ; Recherckes expirimentalea sur la constitu¬ 
tion dea mortiers kydrauliquea, Paris, 1004; New York, 1906 (I am indebted to the publisher, 
M. Dunod, Paris, for permission to use Fig. 128); Hull. Soc. ('him., (2), 42. 82, 1884; Trana. 
Faraday Soc., 14, 13, 1918; A. E. Tornebolini, Tifter dte Petrographic des Portlandzcmenla, 
Stockholm, 1897 ; (J. Richardst)n, Porllarid cme.nl from a phyaico-chemkal standpoint, Atlanth- 
City, 1903; 0. Schmidt, Der Porlhndzenievt, Stuttgart, 1906; H. Kajijicn, Tonind Ztg., 29, 
370, 1905 ; 0. Schott, Kalksthkale und Knlkaluminate in ihren fkziehungen zum Porlland’Cemenl, 
Heidelberg, 1906. 

* K. Martin, Moiitt. Scie:iU», (6), 13. 177, 1923. 


§ 39. Topaz 

The Toird^o? of Theophrastus’ lUpl XWwv, and the topaziua of Pliny’s Historia 
naturalis (87. 42), referred to what is now called chrysolite, and their chry.solite 
refers to what is now called topaz; or, as A. B. de Boodt^ expressed it, topazius 
vulgaris erat chrysolitkos veierum. According to Pliny, the name topaz was adopted 
from that of an island in the Red Sea. The topaz was mentioned by J. de Laet, 
J. F. Henckel, J. G. Wallerjus, A. Cronstedt, C. Linneeus, etc. The crystals were 
described by J. B. L. Rome de I’lsle, R. J. Haiiy, J. A. Monteiro, A. Russell, and 
A. Levy. 

W. Hisinger and J. J. Berzelius applied the term pyrophyaalite—from irvp, fire; and 
dvoaXh, a bubble—to a coarse, opaque, yellowish-white, compact niai« of topaz from 
Finbo, in allusion to its intumescence when heated before the blowpipe flame. 
G. A. 8. Hofmaim considered the first syllable to be redundant and called it phyaalitc. 
A. G. Wenier, A. Cronstedt, B. G. Sage, and J. B. L. Rom5 de I’lsle referred to a white 
schorl, or a schorl-like beryl which J. C. De)am6tlierio called leucohte ; D. L. G. Karsten, 
Stangmatein ; M. H. Klaproth, achorl^; R. Kirwan, shorlite; and R. J. Haiiy, pycnite — 
from irvKv6s, dense, compact. The compact mineral with a columnar structure was 
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conBidered to be a distinot species because G. Forchhammer said that the minend is 
monoclinic, while topaz is rhombia G. Rose, and A. dee Cloizeaux sliowed that the 
properties of the crystals are the same as those of topazand C. F. Rammelsbei^ showed 
that the two minerals have the same chemical composition. 


Early attempts were made to find the chemical nature of topaz. J, H. Pott * 
reported that by calcination the crystals became matte, and brittle. A. S. Marggrsf's 
analysis indicated that the dominant constituents were alumina and lime; but 
this was made ten years Sefore^he discovery of hydrofluoric acid. M. H. Klaproth, 
L. N. Vauquelin, J. C. Wiegleb, and J. T. Lowitz found that the chief constituents 
of topaz are silica and alumina; but M. II. Klaproth's analysis was about 7 per 
cent, low; he then showed that the missing component was fluorine, and 
L. N. Vauquelin found that the actual amount of fluorine in the mineral approaches 
20 per cent. J. J. Berzelius, G-. Forchhammor, H. St. C. Deville, and C. F. Kammels- 
berg approached the problem with improved methods, and since then many 
analyses have been made. C. F. Kammelsberg * assumed that topaz is 
an anhydroms silicate, and that the small amount of water indicated in many 
analyses is due to decomposition. He gave the formula nAljSiOs.AlSiFio. 
G. StSdeler gave Al2Si04F2, and ho regarded it as a compound of aluminium 
sibcate, SiO: Oj: (A10)2, and aluminyl fluosilicate, SiF.2(A10)o. H. Klemm used 
a mixture formula like that of C. F. Kammelsberg. P. Groth represented topaz as 
an isomorphous mixture of andalusite, AllAlOjSiOj, and the fluoride AI(AlF.,)Si04. 
F. W. Clarke and J. S. Diller represent tlin composition by Al3(Si04)j(AlF2)3 
analogous with Al3(Si04)3(A10)s for andalusitiv-both derivatives of aluminium 
orthosilicate Al4(Si04)3. S. L. Penfield and J. C. Minor assume the formula of 
topaz to be Si04(AlF)2i or Al=Si04—AIF2 ; like .lanna,sch and J. Locke, they 
consider that the hydroxyl can replaoi? the fluorine, womorphously, and they write 
8i04[Al(F,0d)|2. Topazes corresponding with the end-member, 8i04(AlF)2, are 
known, and Brazil furnishes a topaz with F; 0H=3:1 which is the highest 
hydroxyl derivative known. P. Erculisso regarded the topazes as salts of fluo- 
aluminosilicic acids. K. Daniel represented topaz as dialuminyl difluosilicate : 


F, 


Si 


0-AI--=0 
O-.AI .(I 


Topaz. 


0 -8i< 


0-AI=() 

0-AI--0 


Cyaalte. 


W. and D. Asch, postulating their hexites and pentites, assume a series with one 
terminal member, (0H)i2Ali2Sij024. and by ttie successive r«q)lacement of hydroxyl 
by fluorine arrive at the other terminal member, Fi2Al]2Sio024. C. F. Rammels- 
berg observed that when topaz is heated to redness part of the fluorine escapes as 
silicon fluoride and part as aluminium fluoride ; and W. and D. Asch affirm that 
twice as many fluorine atoms are united to the aluminium as ate united to the 
silicon atoms, and added : 


Weitere Untersuchungen miissten ergeiwn, dass das Verhaltnia dos als Fluorailioum 
fortgehenden Fluors zu dom als Fhioraluminium sich abspaltenden — 1: 2 ist. 


Even if the premise be correct, so many secondary changes might obscure the 
issue that the " must ” is too dogmatic. They also stated that only the fluorine 
atoms united to silicon, but not to aluminium, are easily replaced by hydroxyl 
radicles. 

Topaz usually occurs along with toumaline, pica, beryl, apatite, fluorite, and 
cassiterite in granite or gneiss, and especiauy in Stanniferous pegmatites; < Brazilian 
topazes occur in decomposed material, which, according to 0. A. Derby, was 
probably a mica schist. W. Cross also found it in cavities in rhyolite and other 
volcanic rocks. C. 6. C. Bischof discussed the formation of topaz from kaolinite, 
and felspar by the action of alkali or aluminium fluorides. It is probable that 
gaseous emanations containing fluorine have played an important part in the 
genesis of topaz. A. Daubrde reported the S3mthe8is of a substance allied to topaz 
VOL. VI. 2 o 
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by beating alumina in a stream of silicon tetrafluoride, but H. St. C. Deville was 
unable to get a fluoriferons cpmpound by this means. C. Friedel and E. Sarasin 
also said that they prepared a substance like topaa by heating a mixture of alumina, 
silica, water, and hydrofluosilicic acid at 500°. The only satisfactory synthesis 
is that by A. Reich, who heated a mixture of silica and aluminium fluoride at a 
bright red heat, and afterwards ignited the product in a stream of silicon tetra¬ 
fluoride. The composition and crystallographic properties of the product agreed 
with those of topaz. , 

Topaz occurs usually in colourless, prismatic crystals ; it also occurs in columnar 
masses, and coarse- or fine-grained masses. The colour may be white, straw-yellow, 
wine-yellow, grey, green, pale blue, or pale pink. The cause of the coloration is 
not known. L. Wohler and K. von Kraatz-Koschlau assumed that the topaz from 
Villa Rica is coloured by chromium ; W. Hermann found topaz coloured with iron 
oxide, but the results were indecisive with respect to chromic oxide; and 
C. F. Uammelsberg said that the topaz from Schnekenstein is coloured by a hydro¬ 
carbon. G. 0. Wild and R. E. Liesegang also investigated the colour of the topaz. 
The crystals of topaz are sometimes red with enclosed microscopic crystals of rutile, 
ilmenite, or h»matitc. As shown by D. Brewster,® topaz contains liquid inclusions, 
e.g. water, liquid carbon dioxide, and possibly another kind of liquid. One liquid 
had a refractive index of 1'311 and a high coeflf. of thermal expansion; it was called 
brewsterlin, brewstoKn, and brewsterlinite by J. D. Dana. Another liquid had a 
refractive index 1'2946 and a coeft. of thermal expansion nearly like that of water; 
it was called cryptoUn by J. D. Dana. These two liquids are immiscible. T, Erhard 
and A. Stelzner found the critical temp, of brewsterlinite to be near that of carbon 
dioxide. A. E, von Nordenskjdld observed in a Russian topaz a liquid which 
appeared to be a hydrocarbon like naphtha. Thiue are besides crystals of several 
kinds of soluble salts within the fluid. This subject has been discussed by 
W. N. Hartley, A. A. Julien, H. Vogelsang, and H. Rosenbusch. No carbon 
dioxide is liberated in many of the reactions in which topaz has been formed in 
nature ; and the presence of liquid carbon dioxide inclusions in the crystals shows 
that the. liquid happened to be present when the crystals were formed. That a 
high temp, prevailed at the time of crystallization is evidenced by the fact that 
many of the cavities are only half filled with water. Both the water and the 
carbon dioxide are due to the condensation from enormously compressed vap. 
which, as W. N. Hartley expressed it, formed a kind of emulsion in the silicate 
soln. before crystallizqtion occurred. 

Topazes for use as gom-stones come from Kussia, Brazil, Australia, etc. Colourless 
topaz, known also as pitiyov d’wjoa —drops of wafer - are cut in the form of brilliants j 
the sp. gr. is near that of the diamond, but their birefringence and index of refraction are 
smaller than those of the diamond. The lustre and bnlhancy of the topaz are much lesz 
than is the case with the diamond. Yellow conmdum is also sold as a gem-stone, under 
the name oriental topaz. Many yellow stones sold as topaz—golden topaz, and Spaniah 
topaz —are really quartz; and they are often heateil to convert them into the more 
vnliiahle pink topaz. Ihnk topaz is distinguished from pink tourmaline by the sp. gr. and 
dicliroisni. The violet-red topaz of Sanarka River is very- rare. Bluish green and blue 
topaz are sold in the trade as beryl or aquamarine. The two minerals can be distinguished 
by their sp. gr. 

According to N. von 'Kokscharofi,® the crystals of topaz belong to the rhombic 
system and have the axial ratios a; 5: c=0’528542; 1; 0’476976. Observations 
were made by A. des Cloizeaux, G. vom Rath, L. Grttnhut, G. Rose, V. Goldschmidt, 
V. Rosicky, M. Hoshina, H. Biidking,' D. Brewster, H. Laspeyies, P. Groth, 
A. Corsi, A. Breithaupt, P. von.Joremejefi, W. E. Hidden and H. S. Washington, 
etc. V. Goldschmidt and R. Schroder, and L. Cabn described some growths of 
topaz needles on garnet. The cleavage of the crystals parallel to (001) is perfect, 
but imperfect parallel to (101) and to (011). These directions, according to 
0. MUgge, correspond with the percussion figm. H. Baumhauer, M. Eichler, 
V. Rosicky, S. Ichikawa, and A. Felikan studied the corrosion flgnree. 



SILICON 


583 


A. N. Ailing, C. Hintze, A. dcs Cloizoaux, P. Groth, B. Bertrand, and W. Ramsay 
measured the optic axial angles. A. Mulheima found: 

«• C- .F-llne 

2V . . 66“ 59' 66“ 65“ 68' 66“ 41' 65“ 12^' 65“ 12' 64“ 64^' 

and F. Rudberg gave : 

e- f- 0- 

iv . . 66° 69' - 56° 43' 66° 61' 66° H' 

iR . . . 100° 65' 100° 32' 09° 0' 97° !'6)' 

A. des Cloizeaux found that at 20°, 2F=119° and at 250°, 2J?=123°. P. Groth 
also found a small increase in the axial angles when the t»>mp. is raised. S. L. Pen- 
field and J, C. Minor measured the effect of the relative proportions of fluorine and 
combined water on the sp. gr. and on the optic axial angle. The results for Na-light 
are indicated in Table XX. The faces in the prismatic zone are often vertically 


Table X.K.—ErrECT or t’oMPOsiiioK on the Optic Axial Angle ok Topaz. 


— 

' ZE 

Sp. gr. 

Per cent. P 

Per cent. H*0 

Thomas Hanj^e . 

. \ 126“ 63' 

3 ■66.5 

20-37 

0 19 

Natlirop, ('olorado 

. i 125“ 61' 

3-SO? 

2042 

029 

Tenafjan, Japan 

120“ .69' 

3 •665 

19-50 

0-67 

Aduntschilon, Siberia 

1 118“ 46' 

3 ■562 

1924 

0-58 

San Litm, Mexico 

118“ ir 

3 •575 

19 53 

0'80 

Selineokstmn, Saxony 

114“ 28' 

3-555 

18-50 

()03 

Stoneliam, Maine 

113“ 60' 

3 son 

I8-56 

008 

Minas (ieraes, i^razil . 

84“ 28' 

3 532 

15 48 

1 

246 


striated; they often show vicinal planes; and sometimes appear hemimorphic. 
K. Scharff made some general observations on the structure of the crystals of 
topaz. The optical anomalies were observed by D. Brewster, A. des Cloizeaux, 
and A. Mack ; and to explain them E. Mallard supposed the crystals of topaz to 
be p.seudo-rhombie, mally monoclinic. The optical anomalies are probably duo to 
variations in the composition of diffenuit parts of a crystal resulting in variations 
in the density; and prmlucing molecular strains. H. Haga and F. M. Jager, 
and J. Leonhardt examined the X-radiograms of topaz; ‘the last-named found 
that for the elementary parallelopiped, a=4’6 A., f)=8'78 A., and c=8'37 A., in 
agreement with the axial ratios 0 5285:1:9546. There are four mols. in each 
elementary parallelopiped; and it is assumed that there are no Si 04 -groupa, but 
that SiOo-groups are present. Each of the four molecules corresponds with 
Al2F202.Si02. The corrosion figures were studied by H. Baumhauer, E. S. von Fe- 
doroff, V. Goldschmidt, V. Rosicky, and A. P. Honess. 

The observed specific gravity of topaz ranges from 3'40-3'65. A. H. Church 
found for white, flawless, Brazilian crystals, 3'571-3'597 ; for sky-blue crystals, 
3'541; and for wine-yellow crystals, 3 539 before ignition, and 3 533 after ignition. 
I. I. Saslavsky studied the mol. vol. of topaz. The harness of topaz is between 
that of quartz and that of corundum,’and is 8 on Mohs’ scale. A. Ro.siwal measured 
the hardness of topaz; and P. J. Holmquist, the abrasive hardness (quartz 1000), 
using carborundum of different grain-sizes as (jjiesibrasive. He gave for the (110)- 
face, 8ndforthe(001)-face, 813; 8ndforthe(001)-faoe, 633. W. Voigt found for the 
moMm of dasticity, Ei ■- 23,040, ^8=28, 900, £,= 26 , 520 , F 4 =26,700, Fj=28,9M, 
and £e=31,860 kgrms. per sq.mm.; forthetot«ionmodnhis,hefoundrjj=ll,040, 
2'8 i= 13,530, and Ti,=13,360 kgrms. per sq. mm.; and for the compresiiblUty 
j8=^'60X10^. F. Auerbach gave for the elasticity modulus perpendicular to the 
base, 28,100-30,200 kgrms. per sq. mm. 1. Riecke has made some observations 
on this subject. H. Fizeau found the coeff. of tiusrnud expansion to be a=0 068320 
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in the direction of the a-axis, 0 068362 in the direction of the h-axis, and 0 064723 
in the direction of the c-axis. • F. Pfaff gave 0=0 068325 for the a-axis, a=0 064723 
for the ft-axis, and a=0-058302 for the c-axis; this makes the coeff. of cubical 
expansion 0 00002137. A. Offret made some observations on this subject. 
F. E. Naumann found the specific heat of topaz 0’2000-0'2037; J. Jolly, 0’1997- 
0'2004 between 10° and 100“; and G. Lindner found 

60” lOO" 160“ , 200" 260” 

Sp. ht. . . . 0-2097 0-2151 02270 0 2357 0 2508 

According to 6. Forchhammer, and H. St. C. Deville, topaz, at a white-heat, loses 
the whole of its fluorine as silicon tetralluoride; and, according to C. F. Rammels- 
l)i‘rg, both silicon and aluminium fluorides are given off —vide supra. According to 
W. Vernadsky, topaz is transformed into sillimanite at a white heat. At a high 
temp., topaz melts and furnishes a glassy mass in which are crystals of sillimanite; 
thesi' crystals are developed at a lower temp, if heated with a fluoride as a flux. The 
indices of lefraciion have been measured by A. des Cloizeaux, V. Rosicky, 
J. C. Heusser, A. Mtilheims, P. Groth. F. Rudberg, A. N. Ailing, etc. A. MUlheims 
gave for light of different wave-length ; 

0- n- C- D- E' 6* P-ltDe 

a. . . 1-80918 1 81000 1 61091 1-61327 1-61616 1-61680 1-61870 

6 . . 1 61187 1-61273 1-61366 1-61.597 1-61882 1-61947 1-62134 

7 . . 1-61838 1-01926 1-62019 1-622.52- 1 02.542 1-62608 1-62702 

S. L. I’eofield and J. C. Minor .studied the effect of fluorine and combined water 

on the ind(!x of refraction, for Na-light, and found for the Thomas Range topaz 
with 0'I9 ijcr cent, of water and 20-37 per cent, of fluorine, and th(! Minas Geraes 
topaz with 15-48 per cent, of fluorine and 2-45 per cent, of water (vule Table XX): 

a ^ y y-a 

Tliomas Hango 1-6072 1 0104 1-6176 0 0104 

Minasderaon . . 1-6294 1-6308 1-6375 00081 

A. Offret measured the effect of temp, on the indices of refraction and found that 
raising the temp, from 0°-l(l0° increased a by 0-00081, j3 by 0-00090, and y by 
0-00080 per 100°. The birefringence is low and, as just indicated y—a decreases 
with increasing proportions of hydroxyl. A. Offret found lor Na-light at 0°, 
y ■ a- 0-(X)777 per ilegree rise of temp, between 0° and 300"; similarly j8--a 
.-0-00131 per degree ; and y—j3=0'(KK).50 per degree. Some crystals of topaz are 
markedly pleochroic > .1. Grailich and V. von Lang, A, Kenngott, and L. Grlinhut 
have made observations on this subject. 

E. Engelhardt found that r.ltra-violet light induces a feeble luminescence. 
J. Sehingaglia showed that yellow topaz gives red fluorescent light which is not 
always completely polarized. E. Newbery and H. Luptou found that colourless 
and yellow topaz did not exhibit any thermoluminescence either before or after ex¬ 
posure to radium rays. A yellow topaz became pink when heated, and regained its 
original colour, perhaps even a deeper yellow, by exposure to radium radiations; 
when reheated there was a slight thermoluminescence. C. Doelter found that 
radium rays coloured white topaz, orange, and wine-yellow topaz, a dark orange. He 
also found that topaz is less transparent than andalusite or oyanito to X-rays, and the 
introduction of fluorine fs assumed to give increased opacity. The colour of topaz 
is intensified by X-rays; and a colourless topaz became yellow after 24 hrs.’ ex¬ 
posure. Topaz is not affected by cathode tays, and it does not phosphoresce. 
Exposure to ultra-violet rays undoes the effects produced by radium rays. N. von 
Koksoharoff showed that a dark yellow Siberian topaz was almost completely 
bleached by exposure to light. W. Hermann found that Brazilian yellow topaz 
became pink when heated in oxygen; lilac, in nitrogen; and green, in sulphur 
vapour. A specimen heated in oxygen after treatment with radium was found by 

C. Doelter to be almost colourless, and lilac if heated in nitrogen. 8. C. Lind and 

D. C. Bardwell also studied the action of radium nys on topaz. 
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The iqnoelectiicity of ciystali of topaz was examined by R. J. HaUy, A. Erman, 
J. D. Forbes, W. G. Hankel, P. Riess and G. Rose, C. Fricdel and P. and J. Curie, 
A. Mack, and J. Beckenkamp. Most crystals are pyroelectric in the direction of 
their vertical axes; and doubly terminated crystals become electrified at the two 
ends, and may therefore be twins. R. J. HaUy noted the extreme sensitiveness of 
topaz to develop electricity by friction. C. Friedel and P. and J. Curie observed that 
Brazilian topaz exhibits piezoelectricity, ,sinco it becomes electrified by pressure. 
C. Doelter found that the electric conductivity increases, or tlie electric resistance 
decreases, with rise of temp., and he assumed that the high temp, conductivity is 
electrolytic: 

Resistance . . 190.000 llO.mH) 10,060 lUOO 2000 ohms. 

W. Schmidt found the dielectric constants to bo Ca--6 05, und /'c -O IW. 

W. Voigt and S. Kinoshuto found the magnetic susceptibility, piralli'l to the 
fl-axis, to be —410x10“^; to the h-axis, “4*20x10"^; and to the c-axis, 
—4'20x 10~". B. Bavink studied tlie magnetic jiroperties of the crystals. 

Topaz is only partially attacked by auljihurie arid. J. Lemberg’ found tliat 
wh(*n topaz is heatd*d with u soln. of sodium silicate for 174 lira, between and 
210®, an alkali alumino-silicate of a zeolitm charaeti'r is form<‘d. Aeeonling to 
F. W. Clarke and J. S. Dille.r, topaz readily altera by hydration and by the action 
of percolating soln., and ia transformed into mnaoovitf*. Tliey add that the r<‘porUMl 
changes to steatite and lithoinarge or kaolinit-e jir(‘ ])robably mabinfenmees. The 
alloration of topaz has been also discussed by A. Atterlierg, K. J. V. Rteimstriip, 
etc. 
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§ 40. The Alkali Alumminm Silicates 

A number of alkali aluminium silicates have been prepareti; but with most 
cases the only evidence of chemical combinalion is chemical analysis, and in some, 
the formation of crystals which may or may not he isomorphous mixtures. Some 
of the processes have been discussed in connection with the synthesis of minerals. 
There is often a difficulty in the study of these ternary systems by the usual tliermal 
methods because the vitreous ])roducts do not crystallize readily. R. Rickc,i and 

O . Flach studied the fusibility of mixtures of sodium and potassium oxides and clay. 
J. J. Berzelius, F. Foiique and A. Michel-Li'vy, S. J. Thugutt, 6. Stein, J. Moro- 
zewioz, W. C. Brogger and H. Backstriim, W. Vernadsky, and P. 0. Silher described 
products obtained by fusing together mixtures of silica, alumina, and sodium 
carbonate ; and crystals corresponding with NuoO : AI 2 O 3 ; Si 02-2 : 1 : 2 ; 
1:1:2; and 3:3:6; have been reported. T. .7. Pelouze, and W. K. S. Turner 
and co-workers made a series of alkali-alumina glasses. J. J. Berzelius, and 
6 . Stein obtained the 1:1:2 potassium compound in a similar manner. 

P. Berthier, in his study of the fusibility of slags, worked with mixtures corresponding 
with the two alkali felspars 1:1:6, and also with 3; 5 »33. The 1:1:2 com¬ 
pounds are discussed in connection with the nephelito family. A. Gorgcii claimed 
to have made the 1:1:1 compound by fusing at a red heat an intimate mixture 
of kaolinito and potassium carbonate in a current of moist air. After drying in 
vacuo, the composition of the washed products corresponded with potassium 
dialuminyl orthosilicate, KjABSiOg, or K 2 (AI 0 ) 2 Bi 04 . If the 2:1:2 compound 
be not a mixture, then the product with the composition Na 4 . 4 l 2 Si 209 is presumably 
soditun dialnminyl orthosilicate, Na 4 (AI 0 j 2 Si 207 . This product was made by 
P. Q. Silher by heating an intimate mixture of kaolinite and sodium carbonate for 
a long time, and leaching the soluble sodium carbonate and silicate from the mass. 
The product is decomposed by hydrochloric acid with the separation of gelatinous 
silicic acid; gaseous hydrogen chloride at 160° converts one-third of the sodium into 
soluble chloride; and digestion with cone. aq. soln. of silver nitrate at 130° rapidly 
converts it into canary-yellow silTer -dialupmyl orthosilicate, Ag 4 Al 2 Si 20 „, or 
Ag4{A10)2Si207. 

Quite a number of alkali aluminium silicates have been prepared by hydro¬ 
thermal processes. G. Friedel, for instance, obtained monoclinic, pscudocubic, 
doubly-refracting crystals with the comjKwition 6Na20.3Al20j.8Si02, accompanying 
the hydronephclitc formed by the action of a O per cent. soln. of so^um hydroxide 
on potash-mica at 800°. The sp. gr. was 2 660 at 12'5°; and the product was easily 
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decomposed by cold hydrochloric acid. H. St. C. DeVille obtained a product with the 
composition Na 2 O.Al 2 O 3 . 3 SiO 2 . 3 H 2 O by the action of a very cone. soln. of sodium 
hydroxide on kaolinitc, orthoolase, or bauxite; and F. Singer reported a similar 
product in small scaly crystals, but with the composition Na 2 O.Al 2 O 3 . 3 SiO 2 . 4 H 2 O. 
H. St. C. Devillc similarly obtained K 2 O.Al 2 O 3 . 3 SiO 2 . 3 H. 2 O ; and S. J. Thugutt, 
K 2 O.Al 2 O 3 . 3 SiO 2 . 2 H 2 O, by the action of an aq. soln. of potassium carbonate 
on nephelite, scdalite, kaolinite, and pther silicates. J. Lemberg obtained 
K 2 O.Al 2 O 3 . 4 SiO 2 . 3 H 2 O by digesting zeolites, phillipsite, labradorite, analcite, or 
leucitc with an aq. soln. of potassium carbonate f or by digesting aluminium 
hydroxide in a 10 per cent. soln. of potassium disilicate at 195°-20()°. J. J. Berzelius 
mixed an aq. soln. of potassium aluminate with silicic acid, and H. St. C. Deville 
heated potassium aluminate and silicate at 200 °, and obtained a crystalline powder 
of K 20 .Al 203 . 4 Si 02 . 4 ]f 20 . B. von Ammon reported Na 2 O.Al 2 O 3 . 4 SiO 2 . 3 H 2 O, 
to be fonned when a hot soln. of alum is allowed to stand in contact with crystallized 
sodium silicate—w'dc infra, leucite. F. Singer also obtained a product with the 
composition Na 2 O.Al 2 O 8 . 4 SiO 2 . 4 H. 2 O; and another with the composition 
Na 2 O.Al. 2 O 3 . 5 SiO 2 . 5 H 2 O. J. Lemberg obtained K 2 O.Al 2 O 3 . 6 SiO 2 . 6 H 2 O by the 
action of a soln. of sodium silicate and potassium chloride on albite ; and P. Singer 
obtained Na.. 0 .Al 203 : 6 Si 02 : 4H,0. The latter also reported the silicates 
Na20:Al203:Si0:H20, 1:1:7:5; 1:1:10:7; 1:1:12:6; 1:1:15:.5; 
and 1 : 1 : 20 : 8 —m'dc infra, permutites. 

K. von Haushofer treated a soln. of water-glass with potash-alum and obtained 
‘ a precipitate approximately 1 :1 :12 »40, but much free silicic acid was present. 
W. Heldt said that the precipitate after washing is free from alkali and approxi¬ 
mates 0: 2 :15 :10. B. von Ammon also said that if crystalline water-glass be 
a<lded to an aq. soln. of aluminium sulphate a clear soln. is obtained until finally a 
jirecipitatc begins to form. If a soln. of water-glass be treated with an excess of 
aluminium sulphate, the resulting precipitate contains Al 203 . 3 Si 02 . which after 
washing still retains about one per cent, of the alkali silicate. By digesting 
aluminium hydroxide with an aq. soln. of water-glass for 6 days at 100 °, 
J. Lemberg obtained a jjrecipitate approximating 1 :1 :5:0 after thorough 
drying. W. lleldt said that moist aluminium hydroxide removes no silica from 
a cone. soln. of water-glass. J. J.emberg digested aluminium hydroxide with a 
soln, of sodium silicate and sodium sulphide and obtained a precipitate with some 
of the sulphide; similarly also with soln. of sodium sul|)hate, carbonate, and 
chloride. There is nothing to .show that the.se products were chemical individuals— 
vide infra, the sodalites., 

U. Pratolongo studied the variation in the composition of the precipitates 
produced by mixing soln. of sodium aluminate and silicate of different cone. 
Working with a soln. containing 19'360 grms, of sodium silicate per litre, he found 
that when mixed with : 


KtHllum alumloate 
llrms. per litre. 


42-318 
21-.309 
8-524 
4-261 
2131 


rcrcfiitago composition of precipitate. 


H,0. 

SlOj. 

Al,0,. 1 

Na,0. 

70-25 

41*63 

. ... . j 

26-56 

31 81 

84-26 

43-30 

25*71 , 

30*99 

93-30 

46*62 

2406 

30*42 

94-06 

61-80 

20*14 j 

28*06 


d ' ’ 

Oolatinization * without precipitation 

.I,.. __i.. 


He also measured the variation in the solubility of one of the components according 
to the amount of solid present; and he found the variations in the amounts of 
potassium or ammonium chloride adsorbed by the solid with the relative proportion 
of solid phase present. 
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The three minerals eucryptite, nephelite, and kaliophilite form a group which 
can be called the nephelite bunily. The mineral euoryptite— from <5, well, and 
K/nnrrot, hidden—forms with albite an apparently homogeneous substance which 
was once called P-spodumene. This latter term, by the way, is now applied to a 
variety of spodumene proper, G. J. Brush and E. S. Dana * showed that, under the 
microscope, ^-spodumene is made up of two minerals, and, when treated with 
hydrochloric acid, it gives a residue of albite, and eucryptite passes into soln. with 
the gelatinization of the silicic acid. 

Eucryptite has a composition correspond¬ 
ing with lithiom alaminitun orthosili¬ 
cate, LiAlSi 04 , or lithium dumino-arlho- 
silicate. F. W. Clarke and J. S. Diller 
represent the constitution by the tripled «, 
formula (AlSi 04)2 ^ Al.Si 04 Li 3 — vide ^ 
nephelite. P. Hautefeuille and A. Portey 5 
synthesized this compound by fusing a S 
mixture of kaolinite and lithium vans- |,| 
date,; and Z. Weybcrg, by fusing a 
mixture of lithium sulphate and kaoli¬ 
nite, Hence, he regarded eucryptite as 
the lithium salt of what he called haolinic 
acid, HAlSi 04 . The compound was also 
made by A, S. Ginsberg, P. M. Jager and 
A. Simek, and R. Ballo and E. Dittler, Fio. 1211 . -Freezing-point Curves of tlie 
by fusing the right proportions of the Bmnry System : in,SiO,-Al,(Si(),)]. 
constituent sibcates, Fig. 129, in a 

closed crucible at 1500°. This f.p. curve by R. Ballo and E. Dittler has 
two eutectics with an intervening maximum corresponding with the compound 
Li 4 Si 04 .Al 4 (Si 04 ) 3 , or LiAlSiOj, melting at 1330°, which resembles eucryptite 
although the crystals were not sulBciently well-developed completely to establish 
the identity. A second compound, 3 Li 4 Si 04 .Al 4 (Si 04 ) 3 , or Li(A 1 . 4 (Si 04 ) 3 , lithium 
dialii miniiim orthosilicate, decomposes at 1079°, i.e. below its ra.p.— cf. A, Fig. 129. 
Only a portion of the ternary system LijO-AUOs-SiOj was studied. R. Bieke 
studied the action of lithia on clay (y.u.). 

In 1773, J. J. Ferber.s and in 1775,1. S. R. I. Eques a Born described some 
crystals of a mineral from Monte Somma, Vesuvius, which was called sommite 
by J. C. Delametherie in 1797. R. J. llauy applied to M same mineral the name 
ne.phfline —from a cloud—in allusion to the cloudy appearance it assumes 

when placed in nitric acid. The name is sometimes altered to nephelite. 

F. de Bellevue applied the term pspMdosommtte to aome crystals from Capo di Bove 
which closely resembled those from Monte Somma, as shown by F. Zarnbonim; the tenn 
pseuihnephdine was used for the same mineral, P. Carpi made a wrong analysis of this 
mineral. R. J. Haiiy showed that all these substances belong to the same mineral 
species. According to A Scacchi, pseudonephehne is represented by distorted crystals of 
sodalite. T. Monticelli and N. Covelli’s wphdina, dom'no or daeya—named after H. Bavy 
—and their cavoUnite —named after F. Cavolini—were considered to be possibly uno soWo 
specie, but A. Bcaeclii, H. Rauff, and E. Bertrand showed that they are different —vvie 
infra. M. H. Klaproth applied the term eliwliie —from fZotov, oil—to a nephelite frorn 
Norway in allusion to its greasy lustre; A. G. Werner previously callerl this nuneral 
Fettstein, and R. J. Haiiy', pierre de grasse. C. Hartmann, and A. des Cloizeaux considers 
the mineral phonUe, from Norway, to brsa nephq|ite; W. _C. BrOgger showed that the 
gabbronite or gabronite of C. F'. Schumacher is probably el»olite. 

The first analyses of nephelite were made by L. N. Vauquelin,* A. Arfvedson, 
J. N. von Fuchs, C. G. Gmelin, M. H. Klaproth, and T. Scheerer. Numerous other 
analyses have since been made.'’ T. Sheerer • based a formula of the tyM 
(N 8 ,K) 8 Al 8 Si 9034 on his analyses, while (J. Bromeis advocated the simpler formula 
NaAlSiOs- The latter formula may be regarded as representing that of an 
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idealized mineral. H. W. Foote and W. M. Bradley pointed ont that the mol. 
ratio AI 2 O 3 : NajO is nearly 1; 1, and the ratio SiOj; AljOs varies from about 
2 to 2-21:1. There is often therefore an excess of silica above that required by the 
formula NsAlSi 04 . Synthetic nephelite is sodium aluminium orthosilicate, 
NsAlSi 04 , or sodium alumino-orthosilieate, which appears to have the same type of 
mol. as eucryptite, and kaliophilite; but the average of the best analyses corre¬ 
sponds more nearly with T. Scheerer’s fofmula, which was also recommended by 
H. Rauil. C. F. Rammelsberg assumed that natural nephdiite is a mixed mineral 
containing both the mctasilicate, KAlSi 208 , and the orthosilicate, NaAlSi 04 . 
C. Docltcr made nephelite by fusing together these two silicates. 8. J. Thugutt, 
J. Morozewicz, S. Hillebrand, F. S. Starrabba, P. G. Tschermak, and W. Karandejeff 
also assumed that ncphejitc is a kind of additive compound or a solid soln. of two 
or more silicates. In order to account for the excess silica in the anal 3 fses indicated 
above, H. W. Foote and W. M. Bradley suggested that nephelite is a solid soln. 
of RAlSi 04 and silica; while F. W. Clarke supposed the presence of potassium is 
due to admixed kaliophilite, and that the excess of silica in the natural mineral is 
due to the i.somorphic replacement of 8164 by SigOg so as to form a salt isomeric 
with albite, [NaAlSigOgJg, which is admixed with the nephelite and kaliophilite. 
This view is favoured by W. T. Schaller, and N. L. Bowen. The pseudonephdite or 
pseudosommite of F. Zambonini, obtained from Cape di Bove, is an isomorphous 
mixture of nephelite and kaliophilite. J. Lemberg’s transformation of nephelite 
into kaliophilite by heating it and a soln. of potassium silicate for 100 hrs. at 200 °, 
shows the equivalency of nephelite and kaliophilite. Since (i) eucryptite and 
nephelite both readily alter into muscovite or paragonite, and conversely (ii), since 
C. and Q. Friedel found that muscovite can be changed into nephelite by heating 
it in a soln. of alkali at 500°, F. W. Clarke argued that the constitutional formula 
of muscovite, paragonite, and nephelite mu.st be of the same type; and “ the 
formula of muscovite is the key to all the other formula in this group of silicates.” 
He therefore writes: 

AI,(SiO,)jKH, Al,(SiO.),NaH, AIj(SiO,)iNa, Al,(SiO,),K, AU(SiO,),Li, 
Mu*covite. Paragonite. Nephelite. Kaliophilite. Eucryptite. 

or graphically: nephelite, (Al=Si 04 ) 2 =Al—SiOjsNag; and muscovite, 
(Al=Si 04 ) 2 =Al— 8 i 04 =KH 2 . The tripled formula were supported by an experi¬ 
ment of P. G. Silber in which one-third the sodium of nephelite is replaced by silver 
when the nephelite is heated with a soln. of silver nitrate in a scaled tube. The 
resulting silver nephelite fs interpreted to mean that only one of three sodium atoms 
in the mol. is replaced by silver; il^may also mean that this represents the halting 
stage of a balanced reaction. 

P. Hautefeuille t made hexagonal prisms of nephelite by fusing a mixture of 
sodium aluminate, silica, and an excess of sodium vanadate. J. J. Berzehus, and 
F. Fouqu^ and A. Michol-L^vy made hexagonal prisms of nephelite by fusing a 
mixture of silica, alumina, and sodium carbonate. They say that it is one of the 
minerals which very easily crystallize from fused magma. C. Doelter obtained 
the crystals in a similar way, and he also imitated the natural product by fusing 
a mixture of leucite, KAlSi 20 e, and soda-nephelite, NaA 18 i 04 . S. Meunier made 
it by fusing a mixture of silica, alumina, soda, and cryolite. A. Duboin obtained 
rhombic crystals by melting silica or potassium fluosilicato end alumina with an 
excess of potassium fluoride. R. Hoffmann made an amorphous silicate of the 
composition of nephelite by heatinjj togethbr a mixture of kaolinite and sodium 
carbonate at a temp, below the sintering point. A. Gorgeu, and P. G. Silber used 
a similar method. R. C. Wallace, and A. 8 . Ginsberg obtained nephelite by the 
direct fusion of the constituents. N. L. Bowen showed that there is a transition 
point at 1362°; above this temp, carnegieite is formed, and below, nephelite 
appears: Camegiciteaencphelite— vide anorthite. E. T. Wherry applied the 
at. vol. theory to the isomorphism of nephelite and kaliophilite; and he assumed 
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th»t K «Dd (Na+*SiOj) are replaceable voL for vol. Soda-lime-nepbehtes were 
made by C. Doelter and E. Hussak, N. L. Boweot etc. Z. Weyberg made Joryto- 
nepheHte, and itrontia-nephdite by fusing 

nephelite mth baryta or stroutia; and by /,60(^1 ----p-— 

fusii^ barium or strontium chloride with ^ 

kaolinite. P. Eskola in his work on _____ 

baryta-felspar observed no signs of Ae 
formation of a hexagonal baryta-nephebte, c 
BaAl 28 i 209 . C. and G. Friedel converted 
muscovite into nephelite by heating a 

mixture of that mineral and a soln. of k - 

sodium hydroxide in a steel bomb at 500''. § 

R. C. Wallace made a partial study of S 

the ternary system NsjOr-AljOpSiOj. § -I 

W. Eitel heated mixtures of nephelite and a j ^ 

calciumcarbonateunderpress. of 100-115 ' a-CdCoXcdncrimte J 

kgrms. per sq. cm., so that no decomi«)si- I I 

tion of the carbonate occurred. There is ' I ^ 370°- - ^ 

an eutectic at 1190V’ig. l^i. and there fi-CdCoJcd/iLite | 

19 formed cancnnite 3Ne.(.aCOs, where Ne SOO -i-_1_ H J 

represents a mol. of nephelite. The coin- ^ ^ l 

pound melts at 1253”, and it has the ftrcent.Kphditt 

refractive indices (o=l’650, and «=r519, Fio. 130. — Binary System ; Nephelite- 
which are higher than the values for Calciie. 

eancrinite. For spurrite, e«ic snpra. 

B. Mierisch^ described the mineral kaliophilite —from kalium, and ifn'Aov. a 
friend—in allusion to the contained potassium. The mineral was obtained in 
bundles of slender, acicular, colourless, hexagonal crystals in the ejecta from 
Monte Somme, Vesuvius. E. Scacchi called it faceUite —from or i^iiacXAos, 

a bundle—hence it is sometimes called phemcelliie or phenacelik. B. Mierisch, 
E. Scacchi, and N. Covelli analysed the mineral. The composition corresponds 
with potassium aluminium orthosilicate, KAlSi 04 , or potaisium alumino-ortho- 
silicate, and in the opinion of F. W. Clarke and J. S. Diller, this formula should 
be tripled Als(Si 04 ) 3 K 3 —eide nephelite. J. J. Berzelius, G. Stein, and C. Doelter 
S 3 Tithesized the mineral by fusing together the constituent oxides or silicates ; if 
an excess of potassium silicate be used, a glass is formed. S. J. Thugutt treated 
kaolinite with a 47 per cent. soln. of potassium hydroxidg for 77 hts. at 190°-210‘’ 
and obtained kaliophilite; A. Gorgeu fused the kaolinite with potassium chloride, 
and Z. Weyberg found the reaction progresses quickly in the presence of a chromate, 
tungstate, vanadate, or sulphate. A. S. Ginsberg, A. Duboin, and G. Stein pro¬ 
ceeded in a similar way. A. Duboin fused together potassium fluoride or fluosilicate, 
alumina, and silica. A. S. Ginsberg, G. Stein, and £. Bauer obtained kaliophilite 
by fusing the constituents. M. Schlapfer and P. Niggli heated alumina, potjssium 
hydroxide, silica, and water in a bomb at 470°. C. and G. Friedel converted 
muscovite into kaliophilite by heating it with a soln. of potassium hydroxide in a 
steel bomb to 500°. J. Lemberg converted nephelite into amorphous kaliophilite 
by heating a mixture of nephelite and a soln. of potassium silicate for 100 hrs. at 
200 °. 


ct-CdCOx-tCdncriwte I 


0 to io to BO n 
Percent nephelite 

Pio. 130.—Binary System: Nephelite 
Cidcile. 


The three minerals eucryptite, nephelite, and kaliophilite thus form a family of 
alkali alumino-orthosilicates which, saM F. Zambonini,* are probably isomorphous. 
A. Sauer’s cryplotHe has the same empirical composition, but hydrogen takes the place 
of the alkali metal. The crystals may be colourless, or the colour may be white, 
with a yellowish-, greenish-, or bluish-grey tinge. Brown and red ncphelitcs occur 
in nature. Eucryptite occurs in symmetrically-arranged, white, hexagonal otyititll 
embedded in albite. The artificial crystals of P. Haiitefeuille and A. Perrey were 
said to be rhomhohedral; those of -E. Weyberg, rhombic or rhorabohedral. 
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Z. Weyberg, indeed, said that this silicate is trimorphous. Jfephelite furnishes 
stout hexagonal prisms or thick plates. P. Groth gave for the axial ratio of the 
hexagonal pyramidal crystals of liephelite a: c= 1:0 8383; and ff. von Kokscharoff, 
1; 0'83893. The crystals of nephelite were also examined fay A. Breithanpt, 
A. and E. Scacchi, C. F. Ramraelsfaerg, H. Baumhauer, G. Strtiver, 
W. C. Brdgger, N. B. Mdller, P. T. Weifaye, J. F. L, Hausmann, C. Klein, etc. 
For kaliophilite, N. Covelli gave the axial retio a: c=l; 0'8388. C. Doelter found 
the velocity of crystallization to be relatively high. The cotrosion figures of 
nephelite with hydrofluoric and hydrochloric acids were studied by H. Baumhauer. 

F. Rinne found that the X-radiograms of nephelite agree with the corrosion figures 
in placing the mineral in the hexagonal pyramidal class. The cleavage of the 
crystals of the members ^)f this group is distinct and parallel to the (I0!0)-faoe; 
and in nephelite, it is also imperfect parallel to the (OOOl)-face. F. Rinne, and 
H. Haga and F. M. Jag(^r studied the X-iadiogram of nephelite. G. J. Brush and 
E. 8. Dana gave for the specific gravity of 'Crystals of eucryptite, 2'644-2'649. 
The crystals of nephelite prepared by F. Fouquo and A. Michel-Jjcvy had a sp. gr. 
2'55.'); and those by N. L. Bowen, 2'619. A. Breithaupt gave 2'631 -2'637 for the 
sp. gr. of nephelite ; N. L, Bowen, 2 55-2 65 ; C. F. Rammelsbctg, 2'600-2'6087 ; 

T. Scheerer, 2’60. For kaliophilite, B. Mierisch gave 2-602, but the observed numbers 
range from E. Scacchi’s 2-4926 2-67; F. Zambonini found a pure transparent 
crystal had a sp. gr. 2-628; A. Breithaupt gave 2-631, and G. Stein, 2 6. The 
hardness of eucryptite, nephelite and kaliophilite is 5-6. G. Tannnann gave 
0-184 for the spe^C heat of eleeolite crystals, and 0-192 for the glass. The heat 
Ol solution in a mixture of hydrofluoric and hydrochloric acids for the amorphous 
glass is 649 cals, per gram, and for the crystals 575 cals, per gram ; or the heat ol 
crystallization is 73 cals, per gram. A. 8. Ginsberg gave 1307° for the melting 
point of eucryptite ; R. Ballo and E. Dittler, 1.330°. A. Brun gave 1120° for the 
m.p. of nephelite; R. Gusack, 1059°-1070°; A. L. Fletcher, 1109°-n20°; 

C. Doelter, ill0°-ll95° for ditlcrent samples ; N. V. Kultaschefi gave for artificial 
nephelite, 1007°; W. Guertler, 1055°; and R. C. Wallace, 1018°. F. M. Japr 
and A. Simek gave 1388° for the m.p. of pseudo-cucryptite. R. Lorenz studied 
the relation between the m.p. and the transition temp, of eucryptite, kaliophilite, 
and nephelite. N. L. Bowen, and A. 8. Ginsberg studied the fusion curve of 
mixtures ol anorthite and nephelite. As mdicated in connection with fiig. 130, the 
former showed that nephelite paa.ses into carnegeite at 1352°. J. 41. L. Vogt gave 
73 cals, for the iMtiniated latent heat of fusion. A. 8. Ginsberg’s, and R. Ballo 
and E. Gittler’s preparations of eucryptite, and F. Fouque and A. Michel-Levy’s 
crystals of artificial nephelite, were ntuaxial and optically negative; so also was 
the kaliophilite of B. MierLsch. The indices of refraction of nephelite, according 
to A. des Cloizeaux, are a)=l-539-l-.542, and *=1-534-1-537 ; H. Rosenbusch, 
a)=l-6416-l-6427, and £=1-5376-1-6378 ; 8. L. Penfleld. <0=1-5469, £=1-5422 ; 

0. Illawatsch, <0=1-639, £-=l'636; B. Jezek gave for D-light, <o=l-64886-T54912, 
and V=l'h4327-T54,382; and F. 8. Starrabba made some measurements. 

N. L. Bowen gave for artificial nephelite <0=1537 (1'541), £ = T5.33 (1-.537), 
where the bracketed numbers refer to the natural mineral. The corresponding 
birefringences, <o—*, range from 0-004(>-()-0050 for the mineral, and CVOOS for the 
synthetic product. According to F. M. Jager and A. Simek, when the artificial 
product is slowly cooled from a fused state, small, irregularly shapd crystals are 
obtained, for which measurements of the m<'an refractive index and the density 
fpve jai)=l'631 and sp. gr.=2-362 ac 25°. These data indicate that the artificial 
silicate is not identical with the mineral eucryptite, and the synthetic product has 
been named pseudo-eucryplUe. If the fusion is rapidly cooled by quenching, a 
pseudo-eucryptitc glass is obtained, for wluch jtiD=l'541. This glass is metastable 
-with regard to the birefringent crystalline modification, and is rapidly converted 
into this on heating at 900°. 

W. C. Br6gger i® emphasized the fact that nephelite is peculiarly subject to 
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change under natural influences, and C. B. van Hise and S. J. Thngutt have dis¬ 
cussed its alteration into analcite, hydronephelite, kaolinite, muscovite, natrolite, 
sodalite, thomsonite, etc. G. J. Brush and E. 8 . Dana-also noted that eucryptite 
readily changes into muscovite. The three nephelite minerals are decomposed 
by acids with the separation of gelatinous silica. J. W. Mellor found that AS M per 
cent, of coarsidy ground nephelite and 99'62 per cent, of fine-grained nephelite 
were decomposed by an hour’s treatment with hot sulphuric acid. Nephelite 
was shown by S. J. Thugutt to be decomposed by water after heating for about 
100 hrs. in the vicinity of 200 °, whereby natrolite, sodium aluminab', and a 
micaceous substance were formed; kaliophilite behaves in an analogous manner. 
He also studied the action of water on kaliophilite at 196°-233°. J. Lemberg, 
and S. J. Thugutt examined the eflect of a prolonged digestion of nephelite 
with a soln. of potassium carbonate, sodium carbonate, magnesium sulphate, or 
calcium chloride. J. Lemberg obtained a substance resembling cancrinite, but 
with SiOj in place of CO 3 , by digesting nephelite with a soln. of sodium silicate. 
F. Zambonini observed pseudomorphs of leucite after nephelite and of nephilite 
after leucite, and attributed the latter to the action of soln. of alkali silicate on the 
leucite at a high temp. 8 . J. Thugutt examined the action of potassium silicate 
soln.; and he found that the vapour of sodium chloride transformed nephelite 
into sodalite ; and 6 . Strttver found that an aq. soln. of sodium chloride behaves 
similarly. 8 . J. Thugutt found that kaliophilite is partially changed into nephelite 
by digesting with a soln. of sodium chloride. Z. Weyburg found eucryptite to be 
stable in an alkaline soln. of lithium sulphate. F. W. Clarke and G. Steiger 
studied the action of ammonium chloride, and H. Schneidcrholm, the action 
of various salt soln. on nephelite. P. Q. Silber examined the action of soln. 
of silver nitrate, and of hydrogen chloride, and concluded that ono-third of the 
sodium behaved dilTerently from the remainder. H. Lots studied the action of air 
charged with sulphur dioxide on nephelite. Z. Woyberg found that when kaolinite 
is melted with lithium bromide, a product with the composition TLiAlSiOa.LiBr, 
lithium aluminium heplitabromo-orthosUicaU, is formed. 8 . J. Thugutt heated a 
mixture of kaliophilite. lithium chloride and carbonate, and water for 120 hrs. at 
105°-200°, and obtained a hydro-eucryftite, or hydralM lithium aluminium ortho- 
silirMe, LiAISiO 4 .fl. 3 O. 0. Tammann and C. F. Grevemeycr found that magnesite 
did not react with nephelite at 1 (S) ; lime reacted slowly at !)(I 0 °; and baryta, 
strongly at 275° -.'KK)”. 

The white or dark grey mineral, hydronephdile, found by F. W. Clarke and 
J. 8 . Diller " at Lichfield, Maine, is an alteration product^of sodalite. The analysis 
corresponds with HN 2 Al 3 (Si 04 ) 3 . 3 H 20 . It is apparently related with the mineral 
ranUe (not rauite) from several islands in thd Langsund fiord, Norway, described 
by 8 . K. Paijkull, and named after the old Norse sea-god Ran. According to 
W. C. Brogger, it includes part of what previously had hecn called Spreustein, by 
A. G. Werner; and K. Sonden’s mineral hrmoiie should also be regarded as hydro¬ 
nephelite. C. F. Schumacher called a similar mineral herymannite -- named after 
T. Bergman; and A. Estner, etoedUe or hokdile. 8. J. Thugutt regarded hydro¬ 
nephelite as a mixture of natrolite and hydrargillite, and not as a selbstdndiyet 
mineral species. The composition and nature of hydronephelite has been discussed 
by F. W. Clarke and J. 8 . Diller, 8 . J. Thugutt, A. Brijn, J. E. Hibsch, J. Lemberg, 
C. von Eckenbrecher, F. Hundeshagen, B. A. A. .Johnston, etc. Hydronephelite 
probably belongs to the hexagonal system, for it is uniaxial. The optical character 
is positive. The sp. gt. is 2'63, and the hardacss 4-6; the sp. gr. of ranite is 2 48, 
and the hardness 5. W. W. Coblentz found the ultra-red transmission spectrum 
does not show that water of crystallization is present. 

B. von Ammonia said that hydrated sodium aluminium orthosilioate, 
NaAlSiOi.lJHjO, separates as a white powder from a soln. of freshly precipitated 
aluminium hydroxide in a boiling cone. soln. of sodium hydroxide and silicate. 
J. Lemberg made it by heating aluminium hydroxide with sodium metasilicate; 
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and also by digesting alkali aluminium silicates, rich in silioa, in cono. alkali-lyo 
Silica is removed and the residue has the composition indicated above. 8. J. Thugutt 
heated kaolinite, sodium hydroxide, and water for about 100 hrs. at about 194’ 
and the treatment was repeated. The product was regarded as nephelite-hydrak. 
6 NaAlSi 04 . 2 H 20 ; and, according to S. J. Thuptt, the product has little in com 
mon with hydronephelite. C. Fricdel obtained rhombic crystals of N 8 AlSi 04 .H 20 
by the action of soda-lye on muscovite at 600°. A. E. Lagorio called the 
hydrate ImhergUe, and found the crystals are rhombic, but pseudo-hexagonal. 
C. Friedel gave 2’378 for the sp. gr. A. E. Lagorio Wid that the mean index of 
refraction of the rhombic crystals is 1‘57; the optic axial angle 66° 46'; the double 
refraction is 0 003; and the optical character is positive. The optical properties 
change when the product is warmed. At a dull red heat all the water is expelled, 
but is reabsorbed when the substance has cooled. A soln. of potassium carbonate 
charges it into potash-natrolite; and water changes it into natrolite. B. von 
Ammon said the product is soluble in hydrochloric acid. W. Heldt, and P. Singer 
made some observations on this hydrate—ride infra, permutite. 

J. Lemberg'* obtained a number of hydrated JtaliopMlites, or hydrates of 
potassium aluminium orthosilicate, (i) by digesting kaolinite with a 37 per cent, 
soln. of potash-lye; (ii) by treating various hydrated silicates— e.g. nosean hydrate, 
cancrinitic silicates, etc.—with a soln. of potassium carbonate; (iii) by the action 
of a 64 per cent. soln. of potassium carbonate or silicate at 200° on nephelite; and 
(iv) by the action of a soln. of potash-lye in leucite, or analcite in the presence of 
potassium chloride. The product of the last-named operation has the composition 
KAlSiO^.HjO; and, according to K. D. Glinka, this hydrate is formed when the 
potassium hydroxide soln. of aluminium silicate is neutralized with hydrochloric 
acid; and when hydrargillite, halloysite, or calcined kaolinite, and silica are 
digested with potash-lye, the resulting soln., when neutralized with hydrochloric 
acid, furnishes the hydrate KAlSi 04 .liH 20 . 

J. Lemberg also claimed to have made tetrahedral crystals with the composition 
NaAlSiO,.NaOH.JH,0 (i) by digesting kaolinite with a 50 per cent. soln. of sodium 
hydroxide; (ii) by treating kaliophilite with a mixed soln. of sodium silicate and hydroxide ; 
imd (in) by the action of sodium hydroxide on nephelite. Worm water removes the 
sodium hydroxide from the complex. He also obtained doubly refracting needles of the 
complex 6NoAlSiO,.Na,SiO,.4HjO, by digesting at 200° kaolinite, kaliophilite, nephelite, 
analcite, leucite, or albite in sodium silicate melted in its water of crystallization. By 
digesting sodalite or nosean m an aq. soln. of sodium trisilicate at 200°, he obtained icosi- 
tetrahedral crystals of the complex NaAlSiO,.Na,Si,0,. 

Hydronephelite is possibly a member of a fairly well-defined group of hydrated 
aluminosilicates of the alkalies and alkaline earths, which are called zeolites. The 
term was first used by A. Cronstedt," and was intended to emphasize their in¬ 
tumescence when heated rapidly as in the blowpipe flame—from Je'io, to boil; and 
Xtflov, a stone. For a time, the term was applied to other minerals— e.g. lapis lazuli, 
tourmaline, and gadolinite. T. Bergman showed that the zeolites are peculiar in 
being gelatinized by nitric acid, and this characteristic was emphasized by 
J. B. L. Rom4 de I’lsle. A. G. Werner subdivided the zeolites into those with 
granular, fibrous, radiating, and lamellar structures; most of the minerals re¬ 
garded by him in the zeolites are similarly regarded at the present time. 

A. Breithaupt accepted A. G. Werner’s name, for, as he expressed it, diese echdm 
natHrUche Ontjipe. The zeolites are usually well crystallized; they are fairiy soft, 
and their sp. gr. is low. F. Mohs, kdeed, ploposed to call them Kuphotupart — 
from soCi^os, light—in allusion to their low sp. gr.; and Q. A. Kenngott abbreviated 
the term to haphue. The zeolites do not form a family of minerals with related 
crystalline forms, as in the case of the felspars. The family, indeed, includes a 
number of sub-groups widely diverse in form and composition. A. N. Winchell 
has based a theory of the composition of zeolites on the variation in composition 
by the replacement of Ca by Na or K, and the simultaneous replacement of A1 
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by Si. Table XXI contains a* list of the more importmit members of the seolite 
famSy. A. E. Fersman studied the leolites of Bussis; and T. H. Smith, those 
of Aidg^en, New South Wales. 

Tabus XXI.— The Members or the Zeoute Family. 


MoelculAT ratio. 


Zeolite. 



• _ 

— 

R" 

Crj^ 

■yitMQ. 


R"(^ 

A!|0) 

8IO| 

H,0 1 



Thomflonite 

1 


2 

2'5 

Ca, Na, 

Rhorobio 

Gismondite 

1 


2 

4 

Ca, Na, 

Monoolinio 

Natrolite . 

1 

1 

3 

2 

Na, 

Rhombio 

Rcoleeite 

1 

1 

3 

3 

Ca 

Monoelinto 

Twovyiute . 

I 

I 

3 

5 

Ca 

Hexagonal 

Analcite 

1 

1 

4 

2 

Na, 

Cubio 

Eudomophite 

1 


4 

2 

Na, 

Cubio 

Laumonite 

1 

1 

4 

4 

Ca 

Monoolinic 

Gmelinite . 

1 

I 

4 

0 

Ca, Na, 

Trigonal 

Trigonal 

Chabazite . 

1 

1 

4 

G 

Cia, Na, 

Faujasite . 

1 

! 

5 

10 

Ca, Na, 

Cubic 

Philliroite . 

1 

1 

5 

5 

Ca, K, 

Monoclinic 

Epistilbite. 

1 

1 

6 

5 

Ca 

Monoolinic 

Heulandite 

1 

1 

6 

G 

Ca 

Monoolinic 

Brewsterite 

1 

1 

6 

5 

Sr, Ba, Ca 

Monoolinic 

Deamine . 

1 

1 


5 

Ca 

Monoolinic 

Stilbite 

1 


6 

6 

Ca 

Monoolinic 

Karmotome 

J 

1 

5 

G 

Ba, K, 

Monoclinic 

Mordenite . 

1 


10 

7 

Ca, K,, Na, 

Monoolinic 

Ediiigtonite 

1 

2 

3 

3 

Ba, K, 

Tetragonal 

Prehnite . 

2 


3 

1 

Ca 

Rhombio 

Hydronophelite 

3 

‘ 

3 

3 

Na, H 

Hexagonal 


The peculiar behaviour of the water in zeolites has attracted much attention. 
F. J. Malaguti and J. Durocher showed that when laumonite loses its water, the 
mineral becomes opaque, but the water is restored on exposure to air, and the 
mineral again becomes transparent. A. Damour showed that the zeolites lose 
their wakr when exposed to a dry atm. or when heated; and regain the lost water 
on exposure to moist air. As a rule, it is a.ssumed in silicate-chemistry that water 
which is lost at a low temp, is present as a kind of “ water of crystallization," and 
water which is expelled only at a high temp, is “ constitutional water.” 0. Hersch 
said that only the water which is expelled from zeolites above 250° is united to the 
aluminium atoms, and that which is driven o3 below this temp, is united to the 
silicon atoms. Hence, he supposed that the zeolites did not contain water of 
crystallization. W. Presenius assumed that at each temp, there is a definite 
proportion of water retained by the zeolite ; and that the expulsion and restoration 
are continuous functions of the temp. Consequently, zeolites tested do not contain 
constitutional water. Other observations wem made by J. Lemberg, 0. W. Cross, 
A. Strong, C. F. Rammelsberg, etc. These will be discus.scd in connection with the 
individual zeolites. P. Jannasch showed that the water in the zeolites is not merely 
hygroscopic water, and F. Rinnc later on emphasized the fact that the, dehydration 
curves of the zeolites do not show any abrupt changes such as would be expected 
if definite hydrates were involved. A. Hamberg also found that the proportion 
of contained water depended on the partiqj press, of the water vap. in the atm.; 
and G. Tammann, and E. Lowenstein observed that the vap. press, of the zeolites 
changes continuously with the proportion oi contained water. F. Zambonini 
confirmed these observations, and showed that the absorptive power of the de¬ 
hydrated zeolite depends on the temp, to which it has been heated, and also on the 
duration of the heating. Similar observations were made by U. Panichi, 
E. Baschieri, and J. Morozewicz. E. Sommcrfeldt measured the heat of hydration 
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and inferred that the water of the zeolitea is adsorbed, and not in a state of solid 
soln. C. Doelter, and G. Bodlander also regarded the water as being adsorbed. 
A. Beutei and K. Blaschke, and G. Stoklossa measured the speed of rehydration 
of the zeolites hydrated between definite ranges of temp., and obtained curves 
showing such a large number of definite hydrates that it would appear as if some, 
other factor is involved. R. Rinne examined the effect of water on the optical 
properties, and showed that the crystals which have become opaque appear to be 
transparent if immersed in oil. He showed that important nsol. changes accompany 
the loss of water; and assumed that the water forms'a solid soln. with the silicate. 
G. Friedel, and E. Mallard likened the water in zeolites to the water in a sponge ; 
P. Zambonini, and 0. Biitschli assumed that the structure of the zeolites is mycelial 
like that of the hydrogels; and A. Johnsen supposed that the water and anhydrous 
silicate form two interpenetrating cubic lattices, that the water has a free passage in 
the network of silicate mols.; and that with the loss of water there is a disturbance 
of the crystalline structure and a reorientation to form the anhydride. F. Rinne 
said that there is no sharp line of demarcation between crystalloids and colloids, 
and that the zeolites belong to an indefinite region between the two classes; accord¬ 
ingly he regarded the zeolites as crystalline substances in an amikroskopisch Kolhid- 
tutiard —not analogous to A. F. Rogers’ metacolloiddl state —represented by micro¬ 
crystalline substances of colloidal origin. G. Friedel, and F. Grandjean showed 
that gases or vapours other than water can be taken up by dehydrated zcoliti's - 
e.g. ammonia, hydrogen sulphide, iodine, mercury, mercuric sulphide or chloride, 
benzene, ether, alcohol, etc. 

One of the most interesting properties of the zeolites as well as of many other 
silicates is the mutability of the bases. H. S. Thompson i« first established this 
fact by showing that when a soln. of ammonium sulphate is filtered through soil, 
the filtrate contains calcium sulphate, and an ammonium salt is retained. J. T. Way 
mode an extensive series of experiments on this subject, and showed that the 
hydrated silicates in the soil were re.sponsible for the phenomenon. The action 
was considered to be quite differmit from adsorption. The facts were subsequently 
confirmed by the work of ]I. Eichhorn, W. Henneberg and F. Stohmann, 0. Kiillen- 
berg, F. Rautenberg, F. Bru.stlein, E. Peters, (r. J. Mulder, C. J. Frankfortner and 
F. W. Jensen, and E. lleiden. The extensive r(!searches of J. Lemberg, and 
8 . J. 'Thugutt showed that the alkalies in these aluminosilicates can be largely 
replaced by alkaline earths, ammonium, thallium, silver, copjier, manganese, nickel, 
ferrous-iron, lead, and other metals, when the silicate is digested with salts of those 
metals. 'Thus, 93 p<'r cent, of the sodium in sodium-permutite is replaced by silver 
when immersed in a soln. of silver nitrate. Similarly ahso, F. Singer showed that 
the alumina of these aluminosilicates can be replaced by boric, vanadio, ferric, 
manganic, cobaltic, and chromic oxides; and I. D. Riedel found that the silicic 
acid can be replaced by boric, phosphoric, nitric, sulphuric, and other inorganic 
acids. The name ponxiutito —from permutare^ to change— is applied to an artificial 
zeolite or hydrated aluminosilicate whose bases are easily replaced by other metals; 
and the products of the replacement can be easily restored to the primitive form. 
Thus, when sodium-permutite is introduced into a soln. of an ammonium salt, part 
of the sodium is replaced by on cq. quantity of ammonium; and the ratio Na; NH 4 , 
for equilibrium, is determined by the temp, and cone, of the soln. An acid sodium 
silicate, described by T. P. flilditch and co-workers, and sold under the trade-name 
dottcil, belongs to this class. Methods of preparation have been described by 
A. Messersohmitt, P. Schuler, and many otheos. 

0. J. Mulder first assumed that the law of mass action was applicable to the 
equilibrium conditions; consequently, added M. Dittrich, the exchanges are not 
adsorption phenomena, but purely chemical processes. J. Lemberg likewise 
concluded that in these purely chemical processes, mass plays the same rdle as it 
docs in the theory of mass action, so that there is an incomplete exhaustion of the 
soln., and a mutual replacement of the bases. Consonant with A. W. Williamson’s 
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well-known theory of dynamic equilibrium, J. M. van Bemmelen suggested the 
following modus ofetmdi of the exchange : 

If we aesumo with the phyeiciets in explanation of eleetrolyais that in a (lit. acul or salt 
aoln. a few individual mola. are in a state of dissociation, it is conceivable that the (lolash 
of the raois. in soln. is fixed by the a<lsorbont, whereupon fresh dissociation ancl binding 
can take place until equilibrium is attained. 

t 

H. P. Armsby wrote on the application of the law of mass action to the phenomenon. 
Subsequent observations have shown that the primary action described by this law 
is obscured by secondary effects. R. Gans regarded the perinutitea and saline soln. 
as a single homogeneous phase, and he observed that the law of mass action is 
applicable to soln. of small cone. 

In the reaction Nn-Po-l-NH’,r^NH,.Po4.No' (when I'e stands for pennutite), lot 
X denote the number of millimols transfornuMl ; f/t, the number of grains of |M>rmutito ; 
n, the maximum number of milli cq. transformable ficr gram of jiermutilo ; y, the number 
of millimols of NH, originally present in the soln.; ami e, the vot. of the sola. U. Uans 
(wrongly) assumed that the system ia homogeneous, in which case the cone, of the dillerent 
salts in equilibrium are Vsn^w~x(v; ('NaPe—(nm“-s-)/e; f'Nn^ci- ’(!/ xVi'; and 
t'.NsCl—We. Prom the law of mass action, therefore, x* — k{nm-x){y -x). This agrees 
with observations only when the cone, of ammonium chloride is small, so that x is negligibly 
small in comiiarison with am, and then x^~Knm(y -x). An analogous expixissioii is 
obtained by asaiiining that the {lartitioii law (2. 17, II) is applicable to the js^rmutito 
considered as a solid soln. of two rxirinutitos, 

R. Gans prepared iiermutites, or colloidal hydrated aluminosilicates, with n 
composition RO; ALO 3 : Si 02 -1 : 1 :3-4, by the action of a soln. of an alkali 
aluminatc on silicic acid, but not by the interaction of an alkali silicate and 
aluminium hydroxide. Although the ]R‘rmutitea arc colloidal, R. Gans agreed that 
they arc definite chemical conqiounds, and not adsorption [iroducts. R. Gans made 
artificial zeolite, or (squiutite, by fusing together a mixture of china clay, sodium 
carbonate and quartz, in the required projiortions. The cold, vitreous, hard mass 
was (lulverized, and the soluble sodium aluminatc and silicate were removed by 
leaching with cold water. A mixture of 2'54) parts of china clay, !j ~6 of alkali 
carbonate, and 1'.5- 2't of borax, treated in a similar way, gave a goml result. The. 
prinutite so obtained should be granular or scaly, and with a higli porosity. The 
composition approximates Na. 2 ().Al 2 G 3 . 2 Si() 2 .t)H. 2 t). F. Singer has given a Itirge 
number of recipes for preparing [X'rmutites. The sodium-jiermutite .so priqiafcd 
can he converted into ammonium-)S‘rmutitc by treatment with a HI per cent. soln. 
of ammonium chloride. By a similar method C. Massatsch, if. K. Lee, T. P. Ililditch, 
and co-workers, etc., have (irepared artificial zeolih's or permutiti'S. 

A. QUnther-Schulze found that tho exchange of the base in soelium-permutito 
by silver is dependent on the ionic cone, of the silver in the soln. rather than on tho 
total cone, of the silver salt. The silver and sodium are ca))ablc of dittusion in 
the solid permutite; and from the fact that at 2(1'' sodium-permutite has an 
electrical conductivity of 6'53xl0't mhos, and silver jiermutitc, 4 4HxlO'*, ho 
calculated the diffusion constants of sodium and silver to be respectively I'SOxlO ® 
and l-90x 10“* sq. cm. jicr sec. The porosity of permutite is 30 per cent. The 
same diffusion constant is obtained from the diffusion experiments when it is 
assumed that the active surface of permutite is 9 or l(t times as great as that of 
an equally large, non-porous mass. A. Giinther-Schulzc also measured tho sp. 
resistance of 21 perinutites at 18°, and found for Li-permutite, 1800 ohms; Na', 
1780; K-, 1160; Rby 1400; NH^, hOO ;•%■, 8130; Ca -,8330; Sr ", 8770; 
Ba10,200; Cu", >90,000; Ag-, 2220; Zn", 11,700; Cd -, 16,2(XI; Pb", >160,000; 
Mn-, 11,200; Ni", 5000; Co-,6000; Fe'. 6600; Fe-, .320; A1 420; and 
Cr—,730 ohms. The mean temp, coeff. is R=Rig( l-)-a(d—18) j, where a=4-l x 10-*. 
The dectrical conductivities, he said, fall into three groups, those of the alkali 
metals, silver, and thallium, 60-90x10“*; those of the alkaline earth metals, 
9-11x10“*; and the rest with very slight conductivities. The equilibrium 
VOL. VI. 2 l' 
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contents of tie basic exchange of sodium-, potassium-, or ammonium-permudie 
with salts of copper, magnesium, sine, nickel, cobalt, aluminium, barium, strontium, 
calcium, thallium, silver, maiiganese, chromium, lead, rubiium, and uranyl kll 
into similar groujis as the comiuctivities, excepting that silver and thallium, in 
spite of the strong ionization of their permutites, are almost entirely removed from 
soln. while nickel and cobalt remain in soln. Usually, the higher the at. wt. of 
the metal, the more readily is it removetf from soln. by the permutite—aluminimii 
is exceptional. The subject was discussed by V. Rijfhmufld and G. Kornfcld, and 
C. J. Frankfurter and F. W. Jensen. 

A, Giinther-Schulze examined the relation between the water content of the 
permutite and the mobility of the cation as shown by the readiness with which the 
basic exchange occurs. The permutites of the alkali and alkaline-earth metals 
contain SlfjO, and it is generally considered that, of these, three are water of 
crystallization and two “water of constitution.” With potassium-permutite, 
however, the water content varies continuously according to the temp, and vap. 
press., and no distinction was found between the first three and the last two mol. 
proportions, Thi! increase in the mol. vol. of potassium-permutite at different 
stages of hydration is proportional to the number of mols. of water added. So 
long as the ])ermutitc is not comjdctely dehydrated, it can again be fully hydrated, 
but after ignition it takes u|> only about 1'25H20. The permutites of the metals 
copper, silver, chromium, aluminium, formed by basic exchange from alkali metal 
permutites, contain from 6-8ILO; ^but when formed from ignited potassium 
permutite the water deficiency of this persists in the derived permutites. The 
mobility of the cation does not a])pear to be influenced by the water content. 
Ignited imtassium-permutite comes to the same stage of equilibrium with a silver 
nitrate-potassiuni nitrate soln., for instance, as the fully hydrated permutite, but 
equilibrium is reached more slowly, because, through partial sintering during 
ignition, the high porosity of the permutite is lost. The ignited jiermutite is very 
similar in character, in fact, to natural zeolites. 

According to A. Gunther-Schulze, the laws governing the influence of two salts 
with the same anion on the ionization are true for solid permutite, in exactly the 
same way as for salts in soln. By the, continual replacement of the cation of a 
strongly ionized permutite by that of a weakly ionized permutite, the mobility of 
the former is reduced, since the non-ionized, and therefore stationary, cation of the 
second permutite reduces the space available for the movement of the first cation. 
Permutite takes up a vol., determined by every type of cation in it, since each ]iure 
permutite has a different mol. vol,, which depends on the ionic vol. of the base. 
The mol. vol. changes with base interchange projiortionally with the amount of 
interchange as long as the amount of water of crystallization remains constant. 
This will also affect the space available for the migration of the cation. Most 
permutites contain OH^O, but chromium jHTmutite contains ISR^O. The mols 
of water enter into the interior of the molecule, which is thereby considerably 
loost'ned, so that the mobility of the chromium cation is very much increased, and 
in the ease of pure chromium-prmntite has a value of the same order as that of 
the chromidm ion in aq. soln. In those cases where the base interchange brings 
about a very small electrolytic conductivity, the interchange is very slow, so that 
as much as ten days are required for conqilete reaction. A. Gunther-Schulze, and 
It. Lonuiz discussed the “ atomic radii ” of the cations jn permutites. 

G. Wiegener argued that the reaction between permutite and neutral salt soln. 
has all the characteristics of an adttorption process; cations are adsorbed from the 
salt soln. and equivalent cations are exjielled from the hydrogel of aluminosilicic acid. 
He rt'pix'sented his results by the isothermal adrorption formula xlm—kc^. 

I). J. Hissink suggested that the exchange of cations between the permutite and the 
soln. is not an adsorption process, but rather an absorption. Y. Rothmund and 
G. Kornfeld showed that the resulting mixed permutite is to be regarded as a 
single solid phase; the composition of this solid soln. depends on the relative cone. 
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of the cations in the soln. They observed that with univalent cations the com¬ 
position of the permutite is independent of the total cone, of the soln., but with 
bivalent cations, the total as well as the relative conc. must be considered. They 
showed that with silver permutite, and soln. of the nitrates of potassium, rubidium, 
lithium, ammonium, and thallium; and with sodium permutite and ammonium 
and thallium nitrates, if Ci and C.^ represent the conc. of the two bases in soln., 
and Cl and Cj their respective conc. in the i)ermutitc in equilibrium with the soln., 
these four magnitudes* have the empirical relation (Ci/C 2 )(C]C 2 )»=A', where n is 
less than unity. The values of the constants n and K vary considerably. U. Prato- 
longo measured the equilibrium state when ammonium or potassium chloride is 
adsorbed from its soln. by permutite, (i) when the conc. of the salt .soln. is increasing, 
and (ii) when decreasing. The systems arc tervariant, for the solid phase behaves 
as if it had a variable conc. The systems also exhibited the phenomenon of 
chemical hysteresis or false equilibrium. F. W. Hisschembller found I'hynlerke 
chimique can be removed by repeated transformations at the ordinary temp. 
The position of the real line of equilibrium is displaced by repeated transformations 
with warm soln. By keeping the permutite for some time in the dry slate, the 
positions of both the false and true equilibria change, and the hysb^resis diminishes 
but does not disappear. With a permutite which has been kept for some time, 
a single transformation with ammonium chloride results in the almost complete 
disappearance of the hysteresis. The position of the false and true equilibria is 
independent of the dilution and the size of the particles in the transformation of 
sodium permutite^ammoniuni i)ermutite. The transformation sodium permutite 
eecalcium permutite also showed hysteresis, which was not suppressed by a single 
transformation. 

The subject attracted the attention of .1. von Liebig and agricultural chemists 
because it was obvious that these reversible exchanges must play an important 
role, in the fertilization of soils. This phase of the subject was discussed by 
J. H. Aberson, H, P. Armsby, J. M. van Bemmclen, It. Brehm, F. Brustlein, 
E. Bussmann, P. Ehrenberg, H. Eichhorn, B. Gans, P. Gaubert, E. Heiden, 
W. Hcnneberg and F. Stohmaim, D. J. Hissink, H. Kappen, 0. Kellner, W. Knop, 

G. .1. Mulder, E. Peters, W. Pillitz, U. Pratolongo, E. Ramaun and co-workers, 
S. Rostworowsky and G. Wiegener, F. Ullik, etc. The subject also attracted the 
attention of mineralogists—F. H. Campbell, F. W. Clarke and G. Steiger, 
M. Dittrich, 0. Doelter, I. Zoch, H. W. Foote and W. M. Bradley, J. Lemberg, 

H. Schneiderhohn, S. J. Thugutt, etc. Various industrial applications have also 
stimulated the investigation of the various reactions involved. For instance, if 
water containing calcium or magnesium chloride percolates through a column of 
sodium-permutitc, a soln. of sodium chloride free from calcium or magnesium 
is obtained, and calcium or magnesium perrautites are formed. The original 
permutite is restored by percolating a conc. soln. of sodium chloride through the 
permutite, the calcium or magnesium is replaced by sodium. These facts are at 
the base of the permutite process for softening hard water. In working with say 
a water hardened with calcium sulphate, calcium permutite (insolubh!) and sodium 
sulphate (soluble) are formed; during regeneration, with brine, permutite (in¬ 
soluble) and calcium chloride (soluble) are formed. Obviously in these exchange.s, 
balanced reactions are in question : 

NajO.Al,0,.2SiO,.2HjOfCaCl,?:^!sO.ALOs.2SiO,.2HjO-(-2Na('l 
Working I Ueseni-ratlon. 

• * 

Again, if sodium or calcium-permutite be treated with a soln. of manganese salt, 
a mangauese-permutite is produced ; and if a soln. of potassium permanganate be 
used, the potassium-manganese-permutite which results is also covered with a 
finely divided higher manganese oxide. The product is used for removing iron 
from water and also for oxidizing organic matter and bacteria in water, liegenera- 
tion is effected by treatment with a soln. of potassium permanganate. The 
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puiiScation of water by the removal of lime, ek., was discussed by B Gans, 
M. Taylor, F. Bcyschlag and -B. MiebaeJ, H. Noll, H. Lflhng and W. Becker, 
I. R Riedel, F. Siedler, J. Don; A. Kolb, J. Braebt and G. Haiisdorff, etc., and the 
filtration of molasses and sugar syrups by B. Gans, H. Claassen, and H. Biimpler. 

J. Morozewicz prepared soditim d it y ii in i n i mn triorthosiliC8t8, Na(|Al 2 (Si 04 ) 3 , 
or soda-garnet, which be called lagorioltle —after A. Lagorio—by fusing at a dark 
red beat mixture/) of silicic acid and hydrargillite, AI(OH) 3 , with sodium and calcium 
sulphates and carbonates. The square plates are ^ttened'cubes which are either 
isotropic or birefringent with twin lamelte. Analyses gave the formula 
3 (N82,Ca)0,Al208,3Si02 with Na20; CaO=3; 2; in one analysis, there was only a 
trace of calcium, and in all there were small quantities of sulphuric anhydride. 
This is a typical garnet fprmula, and lagoriolite forms a connecting link between the 
garnet and the nosean groups. The largest amount of alkali yet found in natural 
garnet is 4'22 iier cent, in melanite from the phonolite of Oberschaflhausen—tmfe 
the garnets. 

There is a small group of minerals whose members are assumed to be derivatives 
of nephclite with which they are commonly associated. These minerals include 
sodalite, hauyue, noselite or nosean, cancrinite, davyne, lapis-lazuli, and micro- 
sommite. The group can be called the sodalite familyi In no case has the exact 
composition been established, and they have not the same interest to the chemist 
as to the mineralogist. The following formula) representing the composition of the 
idealized minerals arc most in favour- -the first four were suggested by W. C. Brbgger 
and H. Back.strom, and the la.st two by F. W. Clarke : 


Sodalite 
Haiiyno 
' Nosean 
Lazurite 
Cancrinite . 

Microsommite (and davyne) 


, Cubic, AlglSiOJjNajIAlCl) 

. Cubic, Al,(SiO, jNa,Ca(AlSO,Na) 

. Cubic, AfjiSiOilaNagiAISOgNa) 

. Cubic, Al,(SiO,),Na,(AlSjNa) 
Hexagonal, AI,(SiO,) jNagHIAICOj) 
Hexagonal, Alg(SiOd,(No,K) jCb{AISO,CI,) 


C. F. Rammelsberg ” regarded them as nephelites associated with more or loss 
anorthite, CaAlaSiaOj, and with NaCl, NaaSOi, NajCOs, etc., as Nebermolekuk; 
or, as J. Morozewicz expressed it, the alkali salts in the sodalite family die Rolk des 
KristaUmssm spielen. Somewhat similar explanations were given by V. Gold¬ 
schmidt, J. Lemberg, G. Cesaro, 0. and G. Friedcl, H. Kauff, F. Zambonini, etc. 
K. Haushofer assumed that the chlorine of sodalite is directly associated with the 
aluminium ; and A. Safarik suggested that in sodalite, the twelve hydrogen atoms 
of (H 4 Si 04)3 are replaced by four sodium and three aluminimn atoms, leaving one 
aluminium valency for a chlorine atom. Similar ideas were advocated by P. Oroth, 
F. W. Clarke, W. C. Brbgger and H. Backstrom, S. Hillebrand, etc. J. Jakob 
assumed that nephclite can take up chroraophore groups like Na 2 S, Na 2 S 2 , etc., and 
become coloured ; similarly also with sodalite, nosean, hauyue, etc. 

What was regarded as a blue variety of sodalite, occurring at Miask, Ural, 
was shown by G. Rose i* to present a unique example of a silicate united with a 
carbonate; or a compound of nephelite and calcspar. He called it CtUtcrioite, 
after Count Cancrin. A. Breithaupt, C. F. Rammelsberg, and A. des Cloizeaux 
regarded cancrinite as a variety of nephelite or davyne. H. Fischer, H. Rosenbusch, 
and F. Zirkcl stated that it is not homogeneous and therefore as a mineral species 
is! definitiv lu streichen. J. D. Dana, L. Sacmann and F. Pisani, H. Rauff, and 
A. E. Tornebohm, however, obtained homogeneous specimens, and proved that 
cancrinite is a definite mineral ‘species. ‘ Analyses were made by G. Rose, 
Q. Tsehermak, A. Koch, G. Liqdstrbm, N. von Kokscharoff, M. R. Whitney, 
F. W. Clarke, H. Rauff, G. Striiver, J. Lemberg, P. von Puzyrewsky, F. Zambonini, 
W. C. Brbgger. L. Finckh, 8. J. Thugutt, C. F. Rammelsberg, ete. 

F. W. Clarke’s formula for the idealized mineral is Al 2 {Si 04 ) 3 Na 4 H{AlC 03 ), 
or sodium alumMum hydrocarbonatotriorthosilicate ; and P. Groth’s. 
(N 82 ,C 8 ) 4 H,(Si 04 luA! 3 (NaC 03 ) 2 -TOfe supra. Other suggestions have been made 
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by C. F. Rammclsborg, 8. J. Thugutt, J. Moro«ewic*, etc. A. Johnsen studied 
the role of the contained water. J. Lemberg made oancrinite (i) by heating under 
press, a mixture of alumina, sodium silicate, and a solu. of sodium carbonate; 
(ii) by the action of sodium carbonate, fused in its water of crystallisation, on 
nephclitc; and (iii) by heating to 215° a mixture of labradorite and a soln. of sodium 
carbonate. He also prepared cancrinitio substances by the action of a soln. of 
sodium carbonate or a jnixture of soln. of sodium carbonate and hydroxide at 200° 
on kaolinite, analcite, leucitc, vitrified orthoclase, nephclitc, kaliophilite, sodalitc, 
thomsonite, zoisite, prchnite, scolecite, paragonitc. S. J. Thugutt also made 
similar observations on some of these mineral transformations. C. and Q. Friodel 
obtained a cancrinite rich in potash by treating muscovite with a mixture of sodium 
hydroxide and carbonate at 500°. W. Eitel obtained lime-cancrinite by heating 
mixtures of calcium carbonate and nephelite (g.r.) under press, between 100 and 
115 kgrms. per sq. cm., so that the carbonate was not decomposed. At lower 
press., say 65 kgrms. per sq. cm., no cancrinite was formed, and it is concluded that 
if in nature an alkali magma is heated in contact with a limestone above 1253°, 
at a press, above 65 kgrms. )>er sq. cm., cancrinite, will be formed as a primary 
mineral of the. igneous rock, but at lower press., anorthitc or plagioclase will bo 
formed. There is no evidence of the formation of cancrinite from ne|)helite at 
low temp, and press. The formation of cancrinite in nature has been discussed by 
0. Rose, 0. F. Rammelsberg. G. von Rath, S. J. Thugutt, 0. Struver, J. Lemberg, 
W. C. Brogger, P. Zambonini, A. E. Tornebohm, B. J. Harrington, etc. For 
W. Eitel's observations, mile supra, nephelite. 

Cancrinite usually occurs massive; prismatic crystals are rare. The colour 
is white, grey, yellow, green, blue, or reddish-brown. 0. A. Kenngott noted a 
rose-red colour due to the presence of hsematite; and S, J. Thugutt, a citron- 
yellow colour due to the presence of mosandrite or cainositc. W. C. Brtigger found 
the crystals of cancrinite are hexagonal bipyramids with the axial ratio a:o 
=1 ; 0'14095. The. cleavage of the crystals is well-defined. The sp. gr. varies 
from 2 42-2'.50; S. J. Thugutt gave 2 46. The hardness is 5-6. H. Rosenbusch 
gave for the, indices of refraction <u=l'5244, and c--l'41)55; and for the bire¬ 
fringence iu~c-0 0289; A. Michcl-Levy and A. Lacroix gave m =1'522, «-=L499, 
and oj - e by direct observation, 0’028. W. Eitcl gave for the artificial mineral, 
(0 ,5.50 and «—1'519. 1’. von l’uzyr(^w.sky, II. Raulf, and S. .1. Thugutt found 

that when cancrinite is heated to redness, carbon dioxide is given off, and then 
water. H, Rauff, and F. Zambonini found the dehydrakion curv(! is continuous. 
E. Cohen, M. R. Whitney, and S. ,1. Thugutt also studied the action of heat on 
mineral. W. Eitel gave 12.53° for the m.p. of easicrinite under pri'ss. 8. .1. Thugutt 
found that up to about 2'5 per cent, of moisture is adsorbed from the air by the 
powdered mineral. H. Rose, ,1. Lemberg, and .1. Roth showed that boiling 
water extracLs .sodium carbonate from cancrinite; and F. W. Clarke showed 
that when moistened with cold water, phenolphthalein is reddened. 8. J. Thugutt 
showed that when heated with water to 220°-231°, for 204 hrs., sodium 
aluminate is formed. A. Kaiser said that dil. acids attack cancrinite. more 
rapidly than nephelite or davyne. According to J, Lemberg, an aq. soln. 
of potassium carbonate changed vciry little during 7 months at BK)", but 
at 210°-2L5°, the potassium and sodium were exchanged; and a soln. of sodium 
carbonate at 200° had no appreciable action. With a soln. of calcium chloride at 
180°-190°, part of the sodium was replaced by calcium, water was absorbed, and 
some ealcium carbonate was formed. An aq. soln. of sodium silicate at 1(X)°, for 
8 months, converted cancrinite into an analcite. o An aq. soln. of ammonium chloride 
extracts sodium carbonate from cancrinite; and a soln. of magnesium sulphate 
acts similarly and forms a hydrated magnesium aluminosilicate. F. W. Clarke 
and G. Steiger heated cancrinite and ammonium chloride in sealed tulms at 350°, 
and found about 4'71 per cent, of ammonia was absorbed by the solid. The 
product obtained by the action of a coin, of calcium chloride at 180°-190° was 
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called lime-canerinite by J. Lemberg. An analogous product was found by 
J. Lemberg among tlic products from Vesuvius. The composition was 
10 CaAl 2 Si 20 g..?CsCOj, which E*. Zamhonini regards as a soUd soln. of CaAl 28 i 208 
and Ca 2 [Al 2 Ca(COj) 2 ]. It is here assumed that complex univalent groups like 
AICI 2 ', AISO 4 ', AICO 3 ', AI 8 O 4 CI 2 ', and AlSiOa', and bivalent groups like AlCl", 
AI 804 Na", AlSNa", Al.S.S.Na", and Al.S.S.S.Na", play a part in building up the 
mols. W. C. Brogger and H. Biickstrom emphasized the relationship between 
garnet and the first four minerals of this series, which they called alkali garnets on 
account of their formal relationship to ordinary (lime) garnet. F. W. Clarke also 
emphasized the relationship between ncphclite and muscovite, and this series of 
minerals. These postulates, and the assumption that the formula of muscovite is 
(AlSi 04 ) 2 : Al.SiO^KH.^, led F. W. Clarke to the constitutional formulae typified 
by those for sodalite and cancrinitc which follow; 


,Si 04 ==KHj 

Al(-Si()4=Al 

^Si(),S5Al 

MUHWIVltP. 


Naj 

,Si 04 >Al.CI 

Al^-Si 04 ''Nas 

^Si 04 sAl 

Sodalite. 


Na, 

Si 04 <AlC 0 , 

Al^SiO.=NajH 

\iO^Al 

Cancrlnite. 


/bi 04 ^^ 

^SiO,=Al 

Garnet. 


Similar formula apply to hatiyne, noselite, and lazurite; while the composition 
of mierosommitc has to be represented as a mixture of two compounds each with a 
formula of this type. J. Lemberg was able to prejiare a substance with the AICO 3 ' 
of cancrinitc replaced by AlSiO^' by the action of sodium silicate soln. on nephclitc. 
8 . J. Thugutt made a large number of products, like hydrated sodalites, by the 
action of sodium salts on hydrated nephelitc. J. Lemberg, and 8 . J. Thugutt 
regarded sodalite as a mol. association of sodium chloride, because the salt is 
volatilized when sodalite is ignited; and it is argued that if the chlorine were 
directly united with aluminium, aluminium chloride would bo volatilized ; similarly, 
sodalite is hydrolyzed by water and sodium chloride separated. The arguments, 
of course, are not conclusive cither one way or another. The hardness of thest', 
minerals is about 5.J. A. Bmn gave 1150° for the m.p. of haiiyne, and C. Doelter 
gave 1210'’-1225° for haiiyne, and 1140° for no.sean. The index of refraction, 
by K. Zimanyi, F. Zamboniiii, and ?. Gaubert, ranges from I'lO.oO to 1'.5060 ; and 
it increases with increasing proportions of lime. T. Liebisch found noscan gave 
only a feeble fluore.s(s‘ncc in ultra-violet light, but blue haiiyne gave a bright orange- 
yi'llow flnore.scencc. The phosphorescence was also marked. C. Doelter found 
that pale haiiyne becomes intcn.se blue or violet when cxjiosed to radium rays. 
This colour is bleached by expo.suii! to .sunlight or to ultra-violet rays. G. vom 
Rath said that the.se minerals dissolve in hydrochloric or nitric acid with the 
sejiaratiou of gelatinous silica, and the evolution of hydrogen sulphide. .1. Lemberg 
found that a soln. of calcium chloride attacks haiiyne more rapidly than it does 
sodalite; that when haiiyne is heated 50 hrs. in molten sodium chloride it is 
converted into sodalite ; and that when nosean hydrate is digested with a soln. of 
sodium silicate for 240 hrs. at 210°-215°, analcite is formed. C. R. van Hise 
discussed the natural transformations of nosean and haiiyne. 

T. Thomson applied the term sodalite to a mineral which he obtained from 
Greenland, and which was named in allusion to the contained sodium. P. T. Weibyc 
called a blue mineral from the, islands in the Langesund fiord, Norway, glaiuxmite— 
vAaiwos, sea-green—^a name previpuslj in lUse for a variety of scapolitc (?.».). 
W. 0. BrSgger and H. Backstrom showed that a similar mineral from Lake Baikal 
is sodalite. Analyses of sodalite were made by D. Borkowsky, C. F. Rammelsberg, 
etc. According to the above hypothesis, sodalite is sodium aluminium chloro* 
triorthosilicate, Na 4 Al 2 ( 8 i 04 ) 3 (AlCl). 8 odalite has been prepared from nephclitc, 
ksplinite, and muscovite, as well as from the simpler components. J. Lemberg 
made sodalite by fusing nephelite with sodium chloride; 8 . J. Thugutt, by heating 
natrolite with a soln. of sodium hydroxide and aluminium chloride at 195° in an 
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autoclave, and also by digesting kaoUnite with sodium chloride and hydroxide at 
about 212”; Z. Weyburg, by fusing a mixture of silica, alumina, soda, and a largo 
excess of sodium chloride; and C. and G. Fticdel, by digesting muscovite with a 
sobi. of sodium chloride and hydroxide at 500°; J. Moronewicz fused kaolinite 
with sodium carbonate and chloride, and obtained a substance resembling sodalite, 
NaAlSiOj.NaCl; but when nephelite was used in place of kaolinite, a sodalite 
richer in sodium chloride was obtained, namely, 3Na2Al2Si20j.2NaCI. 

C. P. Rammolsberg “ analyr^i a green sodalite from Monte Somma, but missed nearly 
3 per cent, of molybdio oxide, which G. Freda showed was present. Hence F. Zambonini 
called it molyM<Uo-aod(Utte. S. J. Thugutt prepared a large number of sodalites in whiob the 
sodium chloride of sodalite was replaced by other salts ; but unlike tho mineral, the artificial 
prodncte wore hydrated. Others have obtained anhydrous producta by fusion procossos. 
Over fifty such products have been obtained, but there is usually little or no evidence to show 
that chemical individuals are involved—rather tho contrary in many cases. A. tlorgeu, 
.S. J. Thugutt, and Z. Weyberg reported five bromomialiUs; .T. Lemlwrg, A Gorgeii, 
and S. J. Thugutt, three iodosodalites; S. J. Thugutt, chloraimodalUf^ bromohMothlibf, 
iodfUosodalite, pnrhlorato«odidite, sulphUosodithte, neknitosalaltk, and st'InuUinunbilitf.; 
J. I,emberg, S. J. Thugutt, and Z. Weyberg, five cJtroimtmodnlitr^; S. .1. Thugutt, inolyhlaio- 
sodalite, and tungstatosodalUe; J. Lemberg, and ,S. J. Thugutt, two niiraitMmhhte/i; 
J. Lemberg, C. Beigemann, and S. J. Thugutt, three phonphatoBorlalitea ; 8. .1. I’hugult, 
arseniiosodaltte, arsemtogodalik, vanadatogocbilUet hypogulphUonodulUtt, and MdpbohydrO' 
gulphogodatUc; J, Lemberg, hydroxysodgilUr, nKtaaUic^aodnliU’, and bomtomlaltte,; 
8. J. TIuigutt, forrmtogoduhte, aceUUogodalitej and orcdixtogodnlile.; .T. Lemberg, paUigh- 
godalitg ; 8. J. Thugutt, gulphatopotagh-godalUe, niolybdatopotngh-gotlulitg, and p/iospAnto- 
potagh-godalite ; K. Huemann, mIphopotagh-godaVdg; 8. J. Thugutt, lUhh-gfghddf, bromo- 
lubta-godoldc, and gutphohttua-godahte; J. Lemberg, 8. J. Thugutt, and Z, Weylierg, 
three r^ikium-godalUeg ; Z. Weyberg, two bromocalcium-godaliteg ; and K. Ilenmaiin, mid 

J. Szilasi, gulpho-gilver-godaUU', gutpho-kad-godalUf, and g^dpho-lin-godtddg ; J. Is’inlierg, 
and 8. J. 'Tliugutt could not make magnegia-godalUg, and gtrotUia-godalitg. 1’ho constitution 
has been discussed by J. Lemberg, 8. J. Thugutt, P. O. Silber, W. and 1). Asch, and 
H, Hoffmann. Tho hachmnnile of L. H. Borgstrfim**—named after V. Ilaekinann— 
occurs m cubic crystals at Lujaur-Urt, Isipland, can, according to W. (t. Broggt'r and 
H. Backstrdm, be reganlod as sodalite contaminated with tl-23 per cent, of a white ultra¬ 
marine compound, wliich gives off hydrogen sulphide when the mineral is treated with dil. 
hydrooliloric acid; hut, added 8. .1. Thugutt, nearly all sodalites give off some hydrogen 
sulphide when tnvitcd with acid. Hm'kmannito shows tho ovanesceiit pink colnration 
doscrihod below. 

Sodalite crystallizes in the cubic system, and, by twinning, the crystals may 
form liexagonal prisms ; tlic dodocaliedron is a common form. Sodalilii may also 
occur massive, and in nodules resembling chalcedony. The colour may lio white, 
grey, green, yellow, red, or blue. Tho cause of the blue coloration is not certain ; 
it diaii|ipear.s when the niineral is heated. As noteif by the niineralogi.sts, 

K. Vredenliurg, T, L, Walker and A. li. 1'ar.sons, and .1. ('urrie,2i’ |.|.|| j,|,( 
rose-coloured sodalites keep their colour in darkness, but are bleached in daylight. 
W. 0. Ikdgger and H. Backstrdm studied tho corrosion figures. Tho sp. gr. 
ranges from 2'l4-2-40 ; and the hardness from 5-41. R. Cusack gave 1127°-1133“ 
for the m.p.; A. Brun, 1250° -1310°; and A. L. Fletcher, 1177°-1]83". Sodium 
chloride is given off when sodalite is heated to a high temp. The index of refraction 
for Na-light, measured by L. H. Bergstrom, K. Feussner, P. Franco, F. Zambonini, 
and K. Zimanyi, ranges from 1'4827-1'4868. T. Liobisch found sodalite to be 
strongly fluorescent after exposure to the mercury arc-lamp ; it phosplioresces in 
ultra-violet light only at the teiii]). of liquid air; and X-rays have no effect. 
F. Kreutz found that sodalite is coloured violet to peach-blue by exposure to 
cathode rays. F. W. Clarke noted that sodalite moistened with water has an 
alkaline reaction. G. Rose found that boiling ^ater extracts sodium chloride from 
sodalite. Connected with this is J. Lemberg’s observation that a soln. of silver 
nitrate colours sodalite brown. 8. J. Thuguvt examined the action of soln. of 
sodium and potassium carbonates, sodium and potassium chlorides, calcium 
chloride, etc,, on sodalite; and J. Lemberg, the action of soln. of calcium chloride, 
magnesium sulphate, etc.—•wfe supra. H. Schneiderholm investigated the action 
of various salt soln. on sodalite. F. W. Clarke and G. Steiger observed the action 
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of ammonium chloride vap, Sodalite is decomposed by acids with the separation 
of gelatinous silica—rapidly when heated, slowly when cold. The transformations 
of sodalite in nature have been studied by C. F. Rammelsberg, N. V. Ussing, 
C. R. van Hise, etc. 

In 1803, C. G. Gismondi described a blue or bluish-green mineral from 
Latium, and he called it laiialite: T. C. Bruun-Neergaard called it hauyne— 
after R. J. HaUy—and J. D, Dana, hauynite. In 1612, M. Freher^s men¬ 
tioned a bluish mineral from Laacher-See, which' C. W. Nose, and 
J. J. Noggerath designated sappkirin. C. W. Nose also called it spineUan; 
M. H. Klaproth, no5wm- after C. W. Nose; C. C. von Ijconhard, nosine; and 
E. F. Glocker, nosean. L. N. Vauquelin^fi first analyzed haiiyne, and a 
more complete analy^iis was made by C. G. Gmelin, who reported the 
alkalies as “potash.” M. H. Klaproth also analyzed nosean. The relationship 
between nosean and hauyne was not suspected until J. J. Noggerath published 
analyses of the two minerals in which special attention was paid to the 
alkali contents. As a result, it appeared as if the two minerals were closely 
related, and E. F, Glocker, J. F. L. Hausmann, W. H. Miller, A. des Cloizeaux, 
C. Hintze, C. Doelter, etc., regarded them as varieties of the same mineral species. 
G. Rose showed the crystallographic relationship of nosean and haUyne to sodalite; 
and M. R. Whitney repro.sented them by analogous formula). Analyses of hatiyne 
were reported by G. vom Rath,27 J. licmberg, C. F. Rammelsberg, L. Ricciardi, 

E. Casoria, A. Sauer, 0. Doelter, N. Parravano, W. C. Brogger, and H. Backstrom, 
etc.; and analyses of nosean by 0. ''Doelter, G. vom Rath, A. Sauer, etc. As 
indicated by the idealized formula.— vide supra —hauyne may be regarded as 
nosean with part of the sodium replaced by calcium. Hence, nosean becomes 
sodium alummium sulphatotriortbosilicate, Al^(Si 04 ) 3 Na 4 (AIS 04 Na); and 
haUyne, sodium calcium cduminium sulphatotriortbosilicate. 

L. A. Ncoker ** applied the term herzHim to a minoriil analyzed by C. G. Gmelin. It 
was described by G. A. Kenngott, W. Haidinger, end A. des Cloizeaux, and shown by 

G. vom Hath to Ijo a white variety of hauyne. A minora! wm discovered by F. von Ittnor 
in the phonolitic rocks near Kaiserstuhl. Baden, and named iUmrik by C. G. Gmelin. It 
was co-relab'd with nosean by E. F. Glocker, C. F. Rammelsberg, etc,; and analyzed by 
J. Lomborg, L. von Wervoke, etc. Another mineral resembling itinerito was found in the 
same locality by F. von Kol>oll, and named scoio/wf/f-"from ok6\o^, a splmWr—in reference 
to its fracture. It was examined by L. von Werveko, S. J. Thugutt, J. I.,«'mberg, etc. 

H. Rosenbuseh, H. Fischer, etc., allowed that both ittnerite and scolopsito are alteration 
products of haiiyne and nosean. 

Minute prismatii! cryshils of a mineral from Monte Somma, Vesuvius, were described 
by A. Soaeelu *• as Ijelonging to the ho.xagonal system, with the axial ratio a : c = l: 0*41834. 
The mineral was called miorosoininltQ ; A. P. Dofn^noy called a similar mineral amntoide. 
Judging from the analyses by A. Soacehi, R. Mierisch, and H. Raut!, the composition 
varies considerably, but approximates very roughly to a mixture or solid sola, of sodalite 
and nosean minerals. Pobissium takes the place of some sodium. F. W. Clarke 
gave AljiSiOJjNasCivlAliSOiICIj}. J. Lomlwrg synthesized the mineral by acting on 
powdered noplielite at a rt^d heat with calcium chloride and than with sodium chloride, 
llie sp. gr. is 2*42-2*63, according to A. Scacchi; H. Rauf! gave 2*444 ; and F. Zambonini, 
2*60 at 15°. Tlie hardness is U. E. Bertrand said the crystals are optically positive. 

F. Zainbonini gave for the indices of refraction for Na-light, €=1*6298, Mid (u = 1*5218; 
and for the birefringence, e — <«=0*008. G. Cesaro gave 0*007. C. Doelter found the colour 
of blue haiiyne is darkened by exposure tq radium rays, while ultra-violet light acts in the 
oonverse way. Hydrochloric acid decomposes it with the separation of gelatinous silica. 
F. Grandjean found t hat at 300®, microsommite absorbs vap. of ammonia, iodine, mercury, 
sulphur, etc,; and F. Zainbonini said that the chlorine is tlioroby displaced by iodine, etc. 

llie mineral dftvyne discovered by T. MonitioelU and N. (iovelli at Monte Somma, 
Vesuvius, was analyzed by A. Scacchi, F. Zainbonini, H. Kauff, and H. Traube. H. Hauff, 
and F. Zambonini could explain its oo{,|npo8ition only on the assumption that it is a mixture 
or solid solii. of other sodalitio minerals. The optica! properties of the hexa^nal crystals 
were examined by F. Zambonini, H. Traube, E. Bertrand, and H. Kaufi. A. Breithaupt 
gave 2*426-2*53 for the sp. gr., and 6^-7 for tho hardness. H. Rauff showed that alkali 
ohlorides are volatilized whon tho miiKiral is ignited; £. Kaiser, that carbon dioxide is 
evolved by the motion of acids; F. Zambonini, that boiling water extracts chlorides; 
F. Grandjean, that at 250° iodine vap. is absorbed; S. J. Tliugutt, and B. Mierisch 
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olao studied the properties of the mineral. T. Honlioelli and N. Covelli's cavolinile from 
Monte Sonuna is considered to be a variety of davyne, nephelite, or miorosominite— 
A. Scacchi, and E. Bertrand favour the last hypothesis. L. J. Spencer described a related 
mineral from St. John’s Island, Reel Sea. 

W. F. Hillebrand found a mineral at the Zuni Mine, Anvil Mt„ Colorado, which he 
named lunylts. The analjoes corresponded with H„Ai„8i,(0,F„CI,)ri, or, according 
to P. Groth, Al,{Al(OH,F,G),},(SiO), by analogy with duraortierite. 'The crystals belong 
to the cubic system, and W. C. Brdgger and I{. Biickstrom suggested that it is related to the 
sodalite and garnet famjlies; lienee F. W. Clarke writes AI|SiOj.AI[{AI(OH)| ||A1F,J,, 
with some fluorine replacM by ehlorinc. 

J, Lemberg obtained nosean by fusing nephelite or sodalite with sodium 
sulphate. J. Morosowicz prepared nosean crystals by fusing at flOC-TOO” a 
mixture of kaolinite, sodium carbonate, and .sodium sulphate; and from the more 
complex mixture of calcium silicate, carbonate, and sulphate, and iwtassium and 
iron silicates, he obtained blue crystals of haiiyne. Z. Weyberg obtained nosean 
by melting a mixture of sodium carbonate and sulphate, and kaolinite. J. Lemberg 
obtained very little haiiyne by fusing anorthitc with sodium sulphate. 

C. and Q. Fricdcl heated muscovite and a soln. of soilium hydroxide, sulphaio 
and carbonate to 600“ in on iron tube, and obtained a noseim with 1‘78 iwr <-ent. of 
water. Hydrated noseans were mode by J. Isunlierg by the prolongoii actiim of a soln. 
of sodium hydroxide and sulphate on kaolinite, analcime, loueite, orthoclase, sanidine, 
brevicite, albite, labradorite, nephelite, and limo-cancrinite. >S. ,1. Tlmgutt made a 
number of oxiwrimonts in this direction. The products, nosean hydrotc, approximated 
3-4(Na;AljSi,0,).Na,S0,.3-IH,0, 

The colour of no.sean may be grey, blue, brown, or black; haiiyne may bo 
sky-blue, greenish-blue, asparagus-green, red, or yellow. In some cases the colour 
is produced by inclusions—c.g. green by legirito, red by hsematite, and black by 
ilmenite—in other cases the colour appears to bo of the nature of ullramarino 
(q.v.) and may be due to the presence of a sulphide or rather colloidal sulphur vap., 
and blue haiiyne is bleached in a stream of air. P. Gaubert 3* made some experi¬ 
ments on this subject. The crystals belong to tbe cubic system. Observations 
on the crystals were made by 0. vom Hath, (}. Striiver, (k P. Rammelsberg, 
A. Miehel-Leyv and A. Lacroix, W. Bmhna, R. Brauns, and L. L. Hubbard. 
Twinning is well marked; and the cleavage is distinct. W. C. Brogger and 
H. Biickstrdm studied the corro.Hion figures. The sp. gr. ranges from 2’27 to 2'.50 ; 
the hardne.ss is 51.5. A. Brun gave 14,5li° for the m.p. of haiiyne. The index of 
refraction given by K. Zimanyi, F. Zambonini, and P. Gaubert varies from 1’4890 
to l iyilK). T. Liebiseh studied the fluon'scence and phosphoiesceuce of the mineral; 
and 0. Doelter, the coloration by radium rays. Sunlight and ultra-violet light 
bleach the coloured mineral. G. Rose found that boiling water extracts a sulphate 
from no.sean and haiiyne; and G. vom Rivth showed that hydrochloric or nitric 
acid dissolves the ndneral with the separation of silica, and in the case of hydro¬ 
chloric acid, with the evolution of some hydrogen sulphide. H. Schnciderhiilm, and 
J. Lemberg studied the action of salt soln. and sodium hydroxiile on haiiyne. 

The intense blue-coloured stone, called lapis-laznli, is more or less opaque, and 
it contains a number of impurities. The most prized stones have a deep blue colour 
and have but few impurities; in some cases the colour Ls pale blue passing into 
reddish-violet; and in other cases the colour is green.’ Lapis-lazuli is generally 
cut with a flat surface and employed as an ornamental stone in bijouterie; it is 
also used like agate for paper-weights, seals, knife-handles, etc.; and it has been 
used for inlaying and mosaics on the walls atfd Ceilings of palaces, and the columns 
of churches. Formerly the blue pigment ultramarine was prepared from lapis- 
lazuli, but it is now made synthetically. It is used in the manufacture of paints, 
wallpapers, printing inks, mottled soaps, etc.; as a bleaching agent for neutralizii^ 
the yellow tint of paper, linen, cotton, whitewash, soap, starch, sugar, etc.; in 
making laundry blue; and in calico-printing. Commercial ultramarine is some¬ 
times ^ulterat^ with gypsum, talc, kieselgubr, etc. 
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Lftpis-lazuli or azufc^sione was known fco the ancient Greeks, even before the 
Myceneoan age, because beads and discs cut from the stone have been found in the 
ruins of ancient Troy. The description of the by Theophrastos (43, 

c. 320 n.c.) in his ILp! KiSw, and of the sapphim by Pliny, in his Historia naiuralit 
( 37 . 8, 77 A.D.), apply to lapis-lazuli. The Greeks seem to have called it icvaw, a 
term now reserved for cyanite; but J. Beckmann has shown that the cyanM 
of the ancients was probably a kind of Inineral- or mountain-blue coloured with 
copper; and that their cosruleum may have been soijietimes lapis-lazuli and some¬ 
times copper ochre. He also showed that the sapphire of the Bible — e.g. Job ( 28 . 6 ) 
-—was probably lapis-lazuli, because there is an allusion to the inclusions of specks 
of gold, just as Pliny, in his Historia tuUufalis (87. 9, c. 77), said that the blue 
sapphire is interspersed, with spangles of gold which sparkle like the stars in the 
blue sky—the specks of gold are grains of pyrites— vide. J. Braun, and St. Epiphany. 
In the middle of the sixteenth century, G. Agricola called the stone sapphirus; and 
A. B, de Boodt, lapis-lazuli —from lapis, a stone, and lazulus, a Latinized form of 
the Persian term for blue. According to L. Salmasius, and J. Beckmann, lazuardi 
is the Persian word for lapis-lazuli and for a blue colour; the term was mutilated 
in the Arabian writings where it appears as hzul or lazur. The Spanish azul, 
blue, has the same origin. According to J. A. Fahricius, the, term lazurium was used 
by M. Leontius in the sixth century; by L. A. Muratori in the, eighth century ; 
by T, Nonnius in the tenth century; and by M. Arcthas in the eleventh century. 
About this time lapis-lazuli was confpsed with blue cupriferous ochres, for Con- 
stantimis Africanus and some subsequent writers refer to its medicinal qualities, 
and these are po.sscased not by lapis-lazuli, but by the copper ochres. Lapis-lazuli 
is called pierre d’azure and oulreme.r in France— e.g. by A. des Cloizeaux—and 
Isizursiein in Germany e.g. by J, G. Wallerius in 1747. The term ultramnrinum — 
beyond the sea- is late Latin, and probably originated in Italy, being used for many 
articles brought to Europe from abroad ; the Romans used the term marinum with 
a similar meaning. J. Beckmann could not find the. name ultramarine in use for 
the lapis-lazuli before the fifteenth century. In 1.702, 0. Leonardus emi)loyed the 
term azurrum ullrnmarinmn; and V, Biringucei, in 1.740, clearly distinguished the 
real ultramarine azurro oltmwariuo from tlie mipriterous blue, which he called azurro 
dell’Alemigua. ,1. R, Spielmann, and G. Fallopius have madi' some nmiarks on 
this subject. For usi' as a ])igment, lapis-lazuli was finidy powdered, and the 
admixed impurities removed liy washing. The j)rooe.ss was (h'.scribed by A. B. <le 
Boodt, F. llaudiiKpier dj' Blancourt, V. Biringucei, etc.. The prepared pigment was 
ealhul idtramarine. The process of preparation apiH'ars to have been somewhat 
as follows: , 

'fhe finest selected lapis-lazuli was hoato<l to dull redness, quenched in waUw, and 
grtmnd to nn impalpable powder. The powder was mixed with paste made of oil, rosin, 
and wax. Whoa the powder was mixed with the resinous paste, and kneaded in warm 
water, the blue particles floated on the water; the product was washed with an alkaline 
sola, to remove the resinous matters, and finally collected by settling. There is here a 
foreshadowing of tho modem flotation process. 

The mines in Badakshan, Afghanistan, arc said to yield the finest quality of 
lapis-lazuli. They were mentioned by Marco Volo in 1271, and described by 
J. Wood. The stones from this locality have been conveyed via Bukhara into 
Russia, and also passed into the European markets through China and Persia. 
The places through which the stone has passed—Bukhara, China, and Persia— 
have been erroneously stated to fie the localities where it is found. The mines 
west of Lake Baikal, Siberia, wete described by N. Werssiloff—the colour of the 
product ranges from green to light and <lark blue, and violet. According to 
M. Aracena, light blue lapis-lazuli occurs in the Andes of Ovalle, Chili. T. Monticelli 
and N. Covelli, L. Wiser, A. Scacchi, and G. vom Rath said that lapis-lazuli is 
found very rarely in the ejected masses from Monte Somma, Vesuvius. The 
occurrence of lapis-lazuli in the Albanian Hills was mentioned by G. Striiver, 




SILICON 


587 
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F. de St. Fond, and L. de M. Spada, W. C. Broggcr and H. Backstroin add that it 
probably is always formed as a result of contact inetamorphism with limestone. 

A. Cronstedt,^^ 1. S. R. 1. Eques a Born, and J. B. L. Rome de I’lslo regarded 
lapis-lasuli as a zeolite coloured blue by iron ; and L. A. Emmerling, as a peculiar 
kind of silica. R. J. HaUy was at first doubtful if lapis-lazuli should be regarded 
as a definite mineral, but he said j’ai cru devoir, sur ce point, me cmformer i I'usage, 
and called it lazulke; later, after the discftvery of crystals of lapis-lazuli in Siberia, 
his doubts were removed, Q. C. von Leonhard suggested that lapis-lazuli is 
altered hauyne; A. Breithaupt classed it with sodalite, nosean, liaUyne, and Icucite 
under the generic term alkalites; J. F. L. Hausmann regarded it as a variety of 
hattyne ; and A. des Cloizeaux, as a variety of hauyne mixed with other minerals. 
The fact that ultramarine gives of! hydrogen suljihidc whenirented witli acids soon 
led chemists to assume, as J. B. A. Dumas e.xpressed it: 

La lapis est evidomment formCo de deux substanees distineU's. L’une fort abnndante, 
et vraiaomblablemctit incoIor 6 e, coiisisto PAsentiollpinont on silico, alumine, ut wnido. 
L’autre, plus rareet essontiollomont colortVi, HO composo do Houfro uiu A quelquo cor|vj. . . . 

N. von Nordenskjold suggested that the colour of lapis-lazuli is due to the pre.seuco 
of a blue pigment, and the, idea was developed by H. Fischer, F. Zirkel, and 
H. Vogelsang, who showed that lapis-lazuli is a hetorogeneou.s aggregate containing 
a blue isotropic mineral and a number of colourless ones—calesjiar, acapolito, 
felspar, and nephelite. The last-named added : 

The pigment of tlm hetorogeneou.s aggrttgate eallod lapis-lazuli is a hluo hauyno.hke 
substance which is itself quite homogeneous and occurs of a higher degree of purity in 
lapis-lozuli than in haiiyun or lutseun. 

W. C. Brdgger and II. Biickstrdm re.served the name Inziirih: for the blue jiig- 
ment in lapis-lazuli, a name, previously employed by K. von Kobell, and 
C. F. Naumann as a synonym for lapis-lazuli; and not to be confounded with 
lazulite, a name employed for a hydrated magne.siiim aluminium iihosphate, 
( 6 . .3.3, 23). 

The lajiis-lazuli was analyzed by M. II. Klaproth in 1797 ; by F. element 
and .1. B. Desormes, F. Varrentrap]), R. llofimann, C. G. Gmclin, C. F. Rammels- 
berg, F. Field, W, C. Brbgger and If. Biickstrinn, J. Szilasi, etc. The variations 
in eomiiosition are wide, .showing that mixtures are involved, The first of the 
following analyses is by \V. C. Briigger and II. Backstriim, and the second by 
F. Varrentra|ip. The first sample was powdi'rod, and the blue pigment separated 
from the gangne by J. Thoulel's solution (an aq. soln. of potassium and mercuric 
iodides in the proportions 1'24: I). 


.SiO, 

AlgO, 

CaO 

NrjO 

KgO 

SO 

H 

Q 

32i)2 

27 01 

6*47 

10*45 

0-28 

10*40 

2-71 

0*47 

43-o0 

31*70 

3*50 

000 


5*89 

* 0*05 

0*42 


The proportion of iron oxide varies from 01 to 4’2 per cent. W. G, Broggcr and 
II. Backstrdm showed that lazurite belongs to the sodalite family, in which the 
bivalent sulphate group (Al.SO 4 .Na)" of nosean is replaced by the bivalent sulphide 
group (Al.S.S.S.Na)". He. therefore writes,the formula Al 2 (Si 04 ) 3 Na 4 (AI 83 Nn), 
making lazurite into sodium aluminium trisulphotriorthMilicate— titdc supra. 
E. W. BUchner, and .1. F. Plicque showed that carefully selected specimens of the 
blue pigmentary matter have proportipns of sjlica, alumina, and soda similar to 
those in natrolite. • 

Lapis-lazuli occurs compact and massive, and also crystalline, in cubes, or more 
frequently, in dodecahedra. The crystals were described by A. L4vy, 0. vom Rath, 
N. von Nordenskjold, A. Dufrdnoy, H. Fischer, etc. The colour may be azure- 
blue, violet-blue, or greenish-blue. The dodeeahedral cleavage is imperfect; and 
the fracture is uneven. The sp. gr. ranges from 2'.38-2'45; and the hardness 
6'0-5’5. It can be heated to an elevated temp, without losing its colour, but at a 
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white-heat, or in the b/owpipo flame it intamesces, and melts to a white or yellow 
glass. T. L. Watson gave for the indices of refraction a=l'604, fi=l'633, and 
y—l'6i2; the optic axial angle, 2V, is large, and the optical character is negative. 
According to 0. Bergeron, Chilean lapis-lazuli phosphoresces when warmed by the 
flame of alcohol, but, added H. Fischer, the phenomenon does not recur when the 
stone is heated a second time. The powder is rapidly decolorized when treated 
with hydrochloric acid, and decomposed with the separation of gelatinous silica, 
and the evolution of hydrogen sulphide. „ 

Attempte to make the esteemed ultramarine blue artificially must be very old. 
In 1700, F. Haudicquer de Blancourt^f’ claimed to have made it, but J. B. A. Dumas 
added that nous sommes d’ailleurs fort loin de croire qu’ Haudicquer ail possede ce 
prkieux secret. A. S. .Marggraf made some trials in this direction in 1758. A 
blue suRstance was observed occasionally to present itself in the refuse of certain 
processes of chemical manufacture. J. W. Goethe noticed a blue vitreous 
substance in the lime-kilns at Palmero about 1787 ; and sometimes, when limestone 
or whiting is calcined in pottery kilns, blue patches are developed. H. Puchner 
observed the development of a blue colour during the calcination of humoidal 
calcareous sand. II. Fleissncr and co-workers have discussed the formation of 
ultramarine blue in blast-furnace slags. In 1814, L. J. Tassart noticed a blue 
substance was formed in a kiln used lor melting Glauber’s salt; F. Kuhlmanu also 
found that a blue substance was formed in the bricks of a sodium sulphate kiln 
which had been used for some time. L. N. Vauquelin showed that the composition 
of L. ,1. Tassart’s blue substance was virtually the same as that of natural ultra¬ 
marine ; and added: 

It ought to Ixi possible to imitate nature in the production of this precious colour; 
and I hope to make some experiments with this object in view. 

F. Clement and J. B. Desormes’ analysis of lapis-lazuli indicated the lines on 
which experiments to make artificial ultramarine should jiroceed. These observa¬ 
tions stimulated the Sociiti d’Encouragement pour I'Industrie, Nationak in 1823, 
to offer a prize of 6000 franca for un procidi propre d donner artificidkment et 
industrielkment I'mitrenu'r at a cost not ex(!eeding .ik) francs per kiiograin. The 
prize was obtained by ,1. B. Guimet in 1828 ; and, about the same time, C. G. Gnielin 
independently deviat'd a method of making the same product. The priority 
que.stion—di.scua.sed by E. W. Biioliner, ,1. L. Gay Luasac, J. (!. Poggendorff, 
J. S. C. Schweigger, (!. Leuclis, C. Se.hirges, H. Wichelhaus, ,1. F. L. Merimce, 
A. Loir, and R. von Wagner -favours inconiestabkment: J. B. Guimet. .1. Heintze 
lias claimed tliat F. A. Kottig prepared artificial ultramarine at the Meis,sncr 
Porzellanmamifaetur, in 1828 ; and P. Varrentrajip made an analysis of the Meisstm 
ultramarine. 

In C. G. Gmelin’s process for making ultramarine, a mixture of two parts of 
sulphur and one part of sodium carbonate, was fused in a Hessian crucible, and a 
mixture of sodimn silicate and aluminate gradually added. The product was 
heated for an hour. In general, it may bo said that ultramarine blue is formed 
whenever an aluminium silicate -say china clay—is calcined with sodium sulphide, 
or with some uiixture which will form sodium sulphide in the course of the process 
of manufacture. Actual recipes are usually regarded as trade secrets, and rightly 
so. Three different grades of ultramarine blue are manufactured with different 
proportions of sulphur and silica. The following, by C. Furstenau, illustrate three 
types of recipe: 

Grads. China clay. Sodattah. Olauber'a salt. Carbon. Sulphur. Silica. 
Palo . 100 8 120 26 16 — 

Medium . lOO 100 — 4 50 — 

Dark . 100 103 — 16 117 16 

The varieties with a small proportion of sulphur and silica are usually paler, 
and mote readily attacked by a soln. of alum than those with a high proportion 
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of these constituents. In the manufacturing process, an intimate mixture of the 
finely ground constituents is roasted in a muffle, shaft-kiln, or other suitahlo 
furnace. The cold product is washed; ground to an Impalpable powder; levigated 
with water; passed through a filter-press; dried in a stove-; and sifted. Mixtures 
low in silica are usually green after the calcination—idlmmorine green. This can 
be regarded.as an intermediate product, for, when crushed and roasted again, it is 

converted into ultramarine blue which is^washed, etc., as before. 

• 

Modifications of the process of manufacture have been described by C. P. Priickner,** 
P. J. Robiquet, J. de Tireinon, L. Eisner, C. Brmuier, J. P. Pipirel, C. Ismohs, Q. E. Habieb, 
C. Stblzel, J. 0. Gentele, H. Ritter, 0. E. Lichtenberger, C. Bdttinger, J. Zeltner, 
A. Lehmann, R. Hoffmann, 0. llgon, 0. Guckelllxtrgor, L. E. Not telle and M. J. Corblet, 
M. Sauvogeot, L. Bock, F. Knapp, L. J. B. Bouillet, ote. Again, E. W. Biichner, and 
J. F. Plicque showed that by heating powdered natrolite in a stream of carbon disulpbide, 
and then in a stream of sulphur dioxide, some clear blue jjatebes are formed. F. binger 
made ultramarine blue, and several analogous bodies by heating zeolites and ralatod pro¬ 
ducts with sulphides or oxysulphides of the alkalies or alkaline eartha Several wet 
methods have been described by F. Knapp, H. W. FI. Mclvor, etc.; but the dry processes 
are used almost exclusively on a inanufaettiring scale. The general manufaetum bus 
been described by H. L. J. Rawlins, E. Rohrig, J. Wunder, ,T. Jordan, L. Buck, 
J. Pichot and P. Grangier, R. Hoffmann, K. Iwabucbi, G. FTirstenau, ete. 

Analyses of samples of artificial ultramarine have been mode by L. Eisner, 
C. Brunner, E. Breulin, H. Wilkens, H. Ritter, 0. Scheffer, 0. Gitckelberger, 

A. Bockmann, J. F. Plicque, R. Lussy, R. dc Forcrand, T. Morel, K. lletiniann, 

B. DoUfus and F. Goppelsrodcr, J. Philipp, E. Gtiimct, B. Unger, 0, Stiilsel, otc. 
The extremes are 25'88-46'8l per cent. SiO,,; 23'71-38’89, ALjOa; M’!17-2.3 0 , 
NajO; up to 1’65, KoO; up to 3'24, Fe^Oj; up to 1 11, CaO; up to 3 -47, SO 3 ; 
up to 10 , C'l; sulphur evolved as hydrogen sulphide by treatment with dil. acids, 
1-32-2-38; sulphur unaffected bv this treatment, 3-50-10 0; and total sulphur, 
3-55-14 0O. H. J. L. Rawlins’, and E. J. I’arry and .f. It. Uoste’s analyses range 
from 

SIO, Al,0, Na,0 8 

38-»-12-7 240-29-6 18-7-21-0 10-8-16-4 


Omitting the oxygen and hydrogen, J. Jordan gave for white (R. Hoffmann), 
green and blue (J. Philipp), light blue, violet,and red (J. Wunder) ultramarines: 



White. 

Orw-n. 

])lur. 

Blue. 

Vlolot 

IUnI. 
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Si . 
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13-1 
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Nrt . 
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8 . 

. 6-4 
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The similarity in the composition of different colours indicates that the actual 
colouring matter possibly represents but a small proportion of the total mass; 
and P. Rohland suggested that a small proportion of the tinctorial agent is dis¬ 
seminated in a state of solid soln, in the colourless body. 

The sodium of ultramarine blue can be completely replaced by silver and other 
univalent and bivalent radicles; but the attempt to replace sodium by tervalent 
elements results in the decomposition of red, blue, or violet ultramarine. P. G. Silber 
found that when an aq. soln. of silver nitrate and ultramarine blue is heated for 
16 hrs. in a sealed tube at 120°-140°, the sodium is replaced by silver, forming silver 
ultramarine. For reasons indicated below, it is assumed that in silver ultramarine 
one-third of the silver is bound to the sulphur? L. Braunsohweiger studied the 
action of silver salts on ultramarine. According to J. Szilasi, J. Phibpp, C. Unger, 

L. Bock, K. Henmaim, C. Chabrid and F. Levallois, and R. de Forcrand and 

M. Ballin, if silver ultramarine be digested with the chlorides, or iodides of am¬ 
monium, potassium, lithium, calcium, barium, zinc, silver, cadmium, mercu^ (ous), 
lead, manganese, or iron (ous), the silver is replaced by the metal of the halide, and 
ammonium (blue), silver (grey), potassium (blue), lUhium (blue), calcium (blue), 
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harium (yellowish-brown), zinc (violet), cadmium (orange-yellow), mercurous 
(bluish-grey), lead (brownish-yellow), manganese (grey), and ferrous (dark bluish- 
grey), ultramarines respectively are formed. Mercuric salts are reduced by ultra- 
marine blue. R. de Forcrand heated silver ultramarine with various organic iodides 
and so obtained ethyl, amyl, benzyl, and ghenyl ultramarines. These products give 
ordinary ultramarine blue when heated with sodium chloride, and they do not 
yield hydrogen sulphide with cold hydrofthloric acid. C. Chabri4 and F. Levallois 
could not make sub.stitution products with ethylen^, naphthalene, and triphenyl- 
methyl radicles. E. Guimet, J. F. Plicquo, and D. Morel replaced the sulphur 
of ordinary ultramarine by stdenium and tellurium, forming respectively selenium 
and tellurium ultranmrines. The former is red, the latter yellow. F. Knapp, 
J. Hofmann, and C. Npllncr obtained a light blue boron ultramarine by fusing a 
mixture, of borax, boric acid, .sodium or potassium sulphide, sulphate, or thio¬ 
sulphate. Here boron takes the place of aluminium, and a polybasic boric acid 
takes the plac(! of silica in ultramarine blue at 280°, and subsequently heating the 
product in a stream of chlorine and steam at 160'. ('. Winkler said that germanium 
s(!ems to be able, to replace, silicon in ultramarine ; for, if a mixture of soda and 
sulphur is heated in a crucible, used for roasting germanium sulphide, a blue colour 
is produced, although germanium ultramarine, was not isolated. 

E. Fischer obtained crystals of ultramarine from a works at Hannover, 
G. Griinzwcigand R. Hoffmann, and H. Vogelsang showed that the crystals belong to 
the cubic system, and W. C. Brogger and H. Biickstrom found them to be dodeca- 
hedra. Ultramarine blue, red, or violet, dried to constant weight in a desiccator, 
loses 1-3 per cent, of water when heated to 100°. When ultramarine white is heated 
in air or oxidizing agents it furnishes first green and finally blue ultramarine. 
P. Ebcll stated that ultramarine will stay suspended in purified water for months 
when it is in a finely divided state. The settling was also studied by F. Schubert 
and L. Radlbcrgor. P. Rohland said that ultramarine has hydraulic qualities 
like Portland cement. J. Wunder investigated the absorption spectrum of green, 
blue, and violet ultramarines. Many properties of ultramarine are indicated in the 
next few paragraphs. U. Doelter found that ultramarine blue is only darkened 
slightly by exposure to radium rays ; violet and white ultramarines are not changed. 
The efiect with natural ultramarine is much more marked—vide haiiyne. Ultra¬ 
marine blue is decomposed by dil. acids, and R. HoJfmann found that about one- 
fourth of the contained sulphur is given off as hydrogen sulphide, and three-fourths 
remains in an ionized form among the products of decomposition ; neither red nor 
violet ultramarine furnishes hydrogen sulphide when decomposed by dil. acids. 
The red product is decomposed by dil. acids more slowly than violet or blue. The 
action of acids has been studied by J. G. Gentele. F &hubert, and L. Radlberger 
found that hydrogen sulphide is evolved when ultramarine is boiled with a 0'25 per 
cent. soln. of malic acid. B. von Szyszkowsky showed that carbon dioxide 
decomposes ultramarine suspended in water, and hydrogen sulphide is evolved; 
the action is retarded in the presence of neutral .salts. According to J. Wunder, 
by treating ultramarine blue with hydrogen chloride at 170°-250°, about one- 
sixth the sodium is converted into soluble chloride, and with ultramarine violet, 
one-third of the sodiimi is converted into soluble chloride, and ultramarine red is 
formed. J. Zeltner, and-R. Rickmann studied the action of hydrogen chloride. 
When ultramarine violet is treated with iodine and hydrochloric acid, J. Wunder 
found that half the sulphur behaves as if it were present as a thiosulphate. 
J. G. Gentele studied the action of ammonium chloride. L. Wunder found that 
sulphur monochloride in a sealed tjube at 200°, converts ultramarine blue into ultra- 
marine white; a soln. of pho.sphoru8 in carbon disulphide converts idtramarine 
blue into ultranwrine violet; and the ultramarine blue is partially decomposed if 
Arixed with phosphorus tri- or penta-chloride and heated in a scaled tube at 130°- 
180°. 

and mofH^ completely excluded during the ignition of the mixture employed in 
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the preparation of ultramarine blue, H. Ritter,*’ J. Philipp, C. Bflttiuger, and 
R. Hoffmann showed that the blue coloration is not produced, and that the resulting 
white ultramarine is converted into the blue product by heating it in a stream of 
oxygen, sulphur dioxide, or ehloiine. J. Philipp found that when a little tin is added 
to the mixture employed in the prejMiration of ultramarine, the product is green 
ultramarine ; and a green product is sometimes formed in the preparation of the 
blue—fide supra. The green ultramarine is regarded as representing an inter¬ 
mediate stage in the* formation of the blue, because green is converted into 
blue ultramarine by roasting it with sulphur. J. Philip|), however, concluded 
that sulphur is not taken up during the. change from green to blue because 
the blue product is formed when green ultramarine is lieated with water in 
sealed tubes at 100°—the water removes a little sodium from the green ultra- 
marine. When the green product is heated in chlorine gas. it becomes bluish- 
violet, and when mixed with sodium sulphide and heated, it becomes grey. 
G. Scheffer found that if in the pre])aration of ultramarine blue, the temp, of calcina¬ 
tion be higher than is normally reejuired, and air has free access, red ultramarine 
is formed containing less soda and more alumina than ordinary ultramarine blue. 
According to E. W. Buchner, red ultramarine is formed when the blue product is 
heated to 300°-4lK)' in oxygen or 6ul])hur dioxide, and if the heating be ])rolonged, 
the resl passes into yellow ultramarine. According to ,1. Zellner, if chlorine be 
])as.scd over the product obtained just before the blue is develo)icd in the ordinary 
course of manufacture, at 410°, a green substance is first formed, and this then 
acquires a reddish-yellow colour. Yellow idframarine chang('.s to blue when heated 
in a stream of hydrogen or coal gas. If the red |iroduct be heated with sodium 
hydroxide all the chlorine is removed, and violet ultramarine is formed. This 
product goes into the red form when heated in the vap. of nitric acid or hydrochloric 
aciii. at i3()°-ir)l)°; and into the blue form when heated alone to about 520° 
(P. G. Silber); in hydrogen at 280°-290° (,J. Wunder, and 0. Grunzwoig and 
K. Hoffmann); or when it is mixed with soda-lye and heated. T. Leykauf made 
violet ultramarine in 18.59 by warming a mixture of moist calcium chloride and 
ultramarine blue, and in 1872, ,1. Wunder jirepared it by lixiviating the jiroduot 
of the action of chlorine. Violet ultramarine is supposed to be a mixture of red 
and blue ultramarines. 

Many giie.sses have been made to account for the colour of ultramarine blue 
and of lapis-lazuli or of lazurite, A. Schraiif,** H, Vogelsgang, H. Hoffmann, 
and many others are agreed that the colouring iirinciiilcs of natural and artificial 
ultramarine in a state of purity arc chnuisch ideulische, Suh.'ilanzen. Most of the 
suggestions can be arranged in one of the three following groups, although the line 
of demarcation between the second and third is not always clear, 

1. The colour i.s produced by a colouriny uyerU or cAro«iop/iore. --Before 1768, 
there was a general impression that the colour was produced by the presence of 
copper, but A. 8. Marggraf showed that this assumption has no foundation, because 
the blue colour is present when cojiper is absent. He suggested that iron is the 
colouring agent. L. Eisner, K. Krcssler, L. B. G. dc Morveaii, 0. P, Prilckner, 
and F. Varrentrapp believed that iron sulphide is the tinctorial agent, but here 
again, (!. Brunner showed that quite as good a blue colour can be produced 
by using materials quite free from iron. C. Unger claimed that the colouring 
principle is a nitrogenous compouhd, but E. W. Biichner found ultramarine blues 
with no nitrogen. W. Stein suggested this principle is ammonium sulphide mixed 
with the ground mass in a state of molckukirer Vertheilung, 11. Ritter considered 
that there can be no question of a colouring principle per sc because the whole of 
the ultramarine forms a chemical compound, as is evidenced by the fact that one 
form is colourless and may. under certain conditions be transfonned into a coloured 
form without the introduction of a new substance. The general similarity in the 
composition of different samples of ultramarine with very different tints supports 
the view that the actual colouring matter represents but a small fraction of the 
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whole; and P. Rohland called the colouring principle a chromophore — xp^iia, 
colour; and to bear—whoso composition has not been elucidated, but which 

he assumed to be uniformly distributed throughout the ground-mass in a state 
of solid soln. 

C. G. GmeUn, and C. N. Nollner assumed that the colouring principle is sulphur ; 
and in a more modern guise, the hypothesis of E. Paterno and A. Mazzucehelli, 
Wo. Ostwald, H. H. Morgan, and J. Hofflhann assumed that the coloration is pro¬ 
duced by a blue form of colloidal sulphur. The argument is based largely on 
analogy since many reactions are known in which colloidal sulphur is formed and a 
blue colour developed—e.p. molten potassium thiocyanate becomes blue at 400°, 
and the white colour returns at ordinary temp.; sodium chloride or sulphate 
becomes blue when roasted with sulphur; and alkali polysulphides form blue 
soln. with many boiling organic solvents, and the mixture becomes white again 
on cooling. Sulphur vapour is also blue. I. F. Kerne found that consonant with 
the general observation that alkalies increase the dispersion of inorganic disperse 
systems, the fusion of blue ultramarine with alkalies transforms the colour to a 
deep red. This is taken to confirm the colloidal hypothesis. It has been urged 
against this hypothesis that ultramarine blue withstands a red-heat fairly well, 
even though the blue loses some of its brilliancy, and acquires a greenish tint. 
The objection is not serious when it is remembered that other colours are produced 
by colloids in solid soln. with another substance which acts as a protective or 
stabilizing agent. It is, however, necessary to assume that red, green, and violet 
colours can also be produced by the same colouring agent—presumably in a 
different state of subdivision. Wo. Ostwald made green ami blue colloidal sulphur. 
The fact that the alkali ultramarines are alone blue does not favour the hypothesis 
that its colouring principle is colloidal sulphur. Indeed, L. Wunder states that 
three conditions must be fulfilled iu order that ultramarine may be coloured Hue : 
(i) an alkali must be present—if a mercurous ultramarine has only part of the alkali 
replaced by mercury, it becomes blue on calcination, but if all the alkali be replaced 
by mercury, it is colourless when calcined; (ii) a part of the sulphur must be 
directly united to a metal, for the blue ultramarines develop hydrogen sulphide 
when treated with dil. acids, while the red and violet ultramarines give sulphur 
dioxide, not hydrogen sulphide ; and (iii) a part of the sulphur must be present in a 
lower state of oxidation, for ultramarine blue beconu'S white when treated with 
strong reducing agents, and the blue colour is restored by oxidizing agents. 

2 . Ullramarine is a molecular compourul or complex of a siltcale and a sulphide .— 
Another set of hypotheses attempts to explain the blue coloration by assuming the 
colour is a constitutive property, produced by definite mol. complexes. R. Hoff¬ 
mann tried to establish the individuality or homogeneity of ultramarine blue by 
microscopic observations; but this test is incapable of distinguishing between 
chemical individuals and solid soln. Similarly, G. Guckelberger tried to show that 
ultramarine green is a single substance, and not a mixture of a blue and a yellow 
ultramarine, or ultramarine blue with adsorbed sodium sulphide. When a mixture 
of ultramarine blue and water is heated in a sealed tube between 200° and 300°, a 
colourless insoluble residue free from sulphur is formed, and sodium sulphide passes 
into soln.; when heated with mercuric oxide, the sulphur is likewise abstracted. 
Ultramarine is stable with alkalies, but is decomposed by dil. acids with the pre¬ 
cipitation of sulphur, and the liberation of hydrogen sulphide. This behaviour 
supports the view that the colouring principle of ultramarine blue is a combined 
silicate, and polysulphide of .sodiuhi and aluminium, but against this hypothesis, 
K. A. Hoffmann and W. Metzener /ind that, unlike polysulphides, and thiosulphates, 
ultramarine blue is not affected by cone, fuming sulphuric acid, or by a mixture of 
glacial acetic acid and acetic anhydride. R. Hoffmann’s conclusion that the sulphur 
in ultramarine blue is present in a similar state of combination as it is in the 
polysnlphide, Na 2 S 4 , cannot be right, since H. Erdmann showed that it does not 
yield silver sulphide when treated with silver uitrate, but is converted into silver 
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ultramarine in which sodium is replaced by silver. H. Erdmann suggested that 
the ultramarines are to be regarded as thioronides containing the bivalent radicle 
S 3 . In strict analogy with the ultramarines, H. Erdmann said that the sulphur 
dyes are transformed by powerful reducing agents into leuco-compomida corre¬ 
sponding with white ultramarines, and in both cases the white compounds are 
readily oxidized back to the original substance. 

R. Hoffmann emphasized the idea tliaf the cause of the colour may be duo to the 
preMnee of definite sulphides contained in the ultramarine; he believes that the 
radicle is a kind of sulphonate, and that the various colours are produced by the 
addition, or subtraction, or substitution of oxygen, sulphur, sodium, etc., without 
destroying the combination of the silicate mol. which produces the colour. These 
changes, said he, occur in a similar manner to those in the side chains of organic 
compounds. R. Hoffmann thus distinguishes the silicate side from the sulphide 
of the ultramarine mol. without disturbing the combination as a whole. He. 
added : 

The forniHtioii of green and blue iiltrsinarines. and tlioir t)ehaviour towards various 
reagents confirm the view that tlie sodium atlded iu tlie form of oxale must ts' inon' firmly 
united to the olementa of clay tlian is tlio sulpliide, and that it alone takes part iu the further 
conyorsiou of white to blue and green ultramarines, (.'onsequently. it is possible to 
distinguish a silicate side from a sulphide side in the iiltraiuarine mol. without in any way 
disturbing the combination of elements as a whole. . . . The formation of ultramarine 
by the ordinary method of preparation, and its (‘hemical behaviour, aro sufficiently explained 
by asstuning the existiuice of a sodium silico-aliiminato m wbicb that |airt of the oxygen 
which is in closest oombinataai with sodium can Iki repltiiied by sulphur, -sueh silico* 
sulphonates liehaving like free sodium monosulphonate from which higher sul[ihonates 
may lie produced by combination with sulphur and lo.ss of sodiiiin, without the silico- 
sulphonate lieing decomposed. 

W. C. Brdgger and H. Rackstriim a8.sume that white ultramarine has the com¬ 
position Alo(Si 04 ) 3 Nai{ Al(NaS)l i ultramarine, Al 2 (Si() 4 ) 3 Na 4 | AllNaS^)} ; 
and hlue ultramarine, Al2(Si04)3Na4{.41(NaiS3)(. All these arc derivetl from the 
parent silicate, Al.,(Si 04 ) 3 Na 3 . It i.s further assumed that many artificial 
products arc mixtures of these four typical compounds—cu/e lapis-lazuli. 
R. Hofftnami gave for the fundamental silicate Na^AUSisOio; for ultramarine hluc, 
Na|Al 4 Si|, 02 o.Na 2 S 4 ; ultramarine red, Na 2 Al 4 Si 80 j||.NaS 303 ; and for ultramarine 
yellow, Na 2 Al 4 SijO 45 .NaS 2 . 3 O 3 . As previously indicated, F. Singer ])re])ared a 
miinher of ultramarine colours by substituting sodium sulphide for water in 
liyilrated nephelite anil it has therefore been argued that ultramarine is a mol. com¬ 
pound of nephelite with sodium polysulphiile. Thus, white nltramarine has been 
represented as r)(NaAISi 04 ). 2 - 4 Na 2 S; green ultramarino, fi(NaAISiO )4 2 . 1 NaS ; 
anil blue ultramarine, fi(NnAlSi 04 ).l- 2 NaS 2 . L. Bock regards the ultramarines 
as definite compounds haseil on Al 203 . 3 Si 02 . Starting with ult.rainarine green, 


^^Q>Al,O.SiO.() .Si(0Na)2.0 SiO.O.Ak;^^® 

in the formation of ultramarine blue, the introduction of groujis SONa' is 
[xjstulated; and in ultramarine violet, the grpups NaSjOs'—'«/« wi/ra. J.,)iikoh 
assumed that the chromo])hore groups are Na 2 S, Na 2 S 2 , etc. 

3. Ultramarine is a compound conUiinituj hlyik chromoplmc. rmlicles.- The 
colour is regarded more or less as an eccidentaj circumstance dependent on the 
nature of chromophore radicles associated with the fundamental alkali alumino¬ 
silicate. This means that ultramarine is a definite chemical individual with a 
specific structural formula. W. and 1). Asch assume that the aluminosilicate is 
associated with the complex 82 O 7 '', or — 0 , 802 . 0 . 802 . 0 —, which is prone to split 
off oxygen atoms, and take them up again, and to exchange all or part of the oxygen 
atoms for sulphur. In conformity with the views of 0. N. Witt, M. Schfltzo, 
R. NietzM, G. Kriiss and co-workers, H. W. Vogel, B. Koch, etc., these complexes 
VOL. VI. 2 q 
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are regarded as chromophores, and it is assumed that the simpler forms furnish 
yellow pigments, while with increasing mol. wt., the colour changes to orange, red, 
bluish-violet, violet, lilue, bluish-green, and green; and conversely. The nature of 
the base is assumed to be of importance, so that the effect produced by the one 
may be masked by the other. According to J. and L. Wunder, the facts are 
summarized in the formula : 

* 

Ns(\ ^.^O.SiO.O.Al: 0, : Al.O.SiO.O ,ONa 
NaO.S ^O.SiO.O. AI.O. A!. 0. SiO^ 0^ 'S.ONa 
NaS SO.Na 

corresponding with the empirical formula 8 i 6 Al 4 NajS 4022 for ultramarine blue. 
W. and D. Ascii introduce an atom of oxygen between the aluminium atoms and 
sulphur, and use hexite and pentite rings for the silicate part of the mol. In the 
corrcsjionding ultramarine violet, L. Wunder a.s 8 umcs that the 8 Na-group is hydro¬ 
lyzed and replaced by OH, and that the univalent 0: S.Na-group is transformed 
into tho univalent radicle NaS 203 . This agrees with the empirical formula 
Si|)Al 4 Na 5 HS 4023 for ultramarine violet. When this product is transformed into 
ultramarine red, Si()Al 4 Na 3 H 3 S 402 ;i, it is assumed that the two univalent S.O.Na- 
groups are hydrolyzed to S.OH. Hence, red ultramarine is considered to be an 
acid whoso sodium salt is violet ultramarine. These formulae agree with the hydra¬ 
tion of ultramarine by water above lOO'’, and it is assumed that the four bivalent 
SiO-groups can be hydrated to bivalent Si( 0 H) 2 . Dil. acids are supposed to attack 
tho bivalent AI.SNa-group : Al,SNa"-f- 2 HCl--=AlCT’ 4 NaCl-l-H 2 S. Acids attack 
both side groups in accord with the equation: SiONa(S.ONa)-(-2HCl 
=^SiONa(S.OH)"4-2Na01=-SiO"-fll 20 -fS-l- 2 NaCl, and in the decomposition 
of ultramarine, blue by acids, three-fourths of the sulphur separates as milk of 
sulphur. Tho fact that when .silver ultramarine is formed, one-third of the silver 
is bound to the sulphur is explained by assuming that there are three S.ONa-groups 
in the mol. of ultramarine, and only one is bound directly to the aluminium—each 
of the other two being united to a silicon atom. Tervalcnt elements are not able 
to replace, sodium atoms because the mol. does not contain three sodium atoms 
united to the mol. in the same way. When idtramarine is reduced by a .soln. of 
jdiosphonis iti carbon ti'trachloride in a sealed tube at l.hO ’, washed with carbon 
disulpludi', and dried, a lle.sh-coloured, almo.st white, substance is formed—w/iitc 
ulirutmrim’ —it is aui)]) 0 .sed that the phosphorus takes oxygen from the three 
SONa-grou[) 8 , and that green ultramarine is formed by the deoxidation of one or 
two of these groups. Hydrogen chloride and steam between 170‘’ and 250° arc not 
strong enougii to attack SONa-groups, but they react with the 8 Na-group, removing 
one-sixth of the sodium from the mob, SNa'| H./)-| H(!l"^H 28 -fNaCH-OH'. 
If an oxidizing agent is present at the, same time, the SONa-groiip is simultaneously 
oxidized to a thiosulphate NaS 2 D 3 -group, The action of a soln. of iodine on violet 
ultramarine eonlirms the.se' a.s.sumi»tions. 
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§ 41. The Micas 

The iiiiciiB are .i family of ditTcn-nl, thougli |)rohalily related, miiierala. They 
arc all coinjdex alniiiiniuni .silicates or alumiiiofsilicates. They are usually resolved 
into three suh-}>r«ups or families, « ho.se mend)ers have more or Ie.s8 similar (diaraeter- 
istic.s. They have a highly devidoped hasal cleavage ; they split into thin plates ; 
and they crystallize in the monoelinic .sy.steni. They may he classified thus: 

I Miea family.Muscovite ; biotiio 

Clintonito family .... Clintonite 

Oiloritc family . . • ■ . Clinochloro 

The members of the chhrile family are sometimes called hydromiau; they are 
generally grceiv in colour, and form scales and incrustations on the walls of cavities 
in dolomites and mica schists ; or they ino/occur massive or earthy as alteration 
products of ferromagnesian silicates. The dintonite family, sometimes called the 
britUe micas, are usually more basic, chemically, than the micas proper. The 
cleavage laminte arc also brittle. The members of another group of micaceous 
minerals, claased as mmieuWes, are usually ri’garded as alteration products of the 
true micas. Considering only the predominant basic constituents, the principal 
micas proper are: 
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Muscovite 

Paragonite 

Lepidoiite 

Zinnwaldite 

Phlogopite 

Biotite 


Potash mica . 

Soda mica 
Lithia mica 
Litliium-iron mica . 
Magnesia mica 
Magnesium-iron mica 


.* H,KAl,(Si 04 ), 

. HjNaAljiSiOJ, 

. (HO,F),(Li,KLAljSi,0, 

. (HO,F),(Li,K),FeAl3SijO. 

. (H,K,M,F),Mg,Al{Si04), 

. (H,K),{Mg,Fe),(Al,Fo),(SiOJ, 


The early observers included mica in the same class as gypsum, which can also 
be split into thin flakes. It was afterwards noticed that, unlike talc and gypsum, 
the cleavage plates of mica ate highly clastic, and not pliable. Pliny, in his Hisloria 
tuUuralu (36. 45,37. 73), has a description of a mineral lapis speeularis which applies 
very well to mica. The scales of this mineral were strewn over the cirem maximm 
at the celebration of games with the object of producing a sparkling whiteness. 
This sliows that a mica schist furnished the material employed; and Pliny’s 
hamnmhryos—imw appw, sand; xpwdt, gold—was probably a sand containing 
golden-coloured scales of a biotitic mica. The Hindus appear to have u.sed mica 
for decoration and other purposes, and they considered it to be endowed with 
extraordinary pro]K'rties.i Mica has also been found in the graves of prehistoric 
American raw's, ea.st of the Mississippi, in localities where th(! mineral does not 
occur. 


TIio term mica is not likoly to have boon derived from Iho Latin mica, a crumb, or 
grain, but rather from the T^atin micare, signifying, like tiie (Jerman Olinimr, to shine. 
In mediteval times, scaly mica was culled mt-silver, or cal-gold —Katzengold, or Kaizen- 
sill)or; or den cluits, or ar<jerU den chain. TIjus, G. Agricola * spoke of Atnmocfirynosy Mica, 
Glimmer, or Katzensilber. A. R. do Roodt, and J. 0. Wallerius described several varieties. 
A. G. Werner, and A. Kstnor definitely adopted the term Glimmer, and described many 
varieties. No grtnit progress could bo made in the clasHification of tiie micas until they 
had l>oen distinguished from one another by eliomical analysis, and optical measurements. 

The analy.scs of M. H. Klaproth 3 distinguished the magnesian and the alkali 
micas, and the analyses of C. (4. Gmeliu established the lithia-micas. II. Rose 
showed that fluorine is sometimes present, and that the mineral contains chemically 
combined water. J. Peschier studied some titaniferous micas. (1. P. Rammelsberg 
collected a number of analyses ; calculated the ratios K : A1: Si; and showed that 
the hydrogen of the contained water must be regarded as a univalent metal. 
0. F. Rammelsberg, H. Rose, and J. Roth regarded the alkali and magnesian micas 
as orthosilicatcs, and this view is generally accepted at the present day. 
G. Tschenuak in his paper, Die Olmmrgrujype (Wien, 1877-8), explained the 
composition of the micas by regarding them as isomorphous mixtures of three 
fundamental silicates: (i) H 2 KAl 3 Si 30 | 2 , corresponding with ordinary mica; 
(ii) Mg(| 8 inOi 2 , a hypothetical polymer of chrysolite; and (iii) Il 4 Si 5 ()i 2 , a hypo¬ 
thetical silicon hydroxide which may take the form Si 6 F 40 j 2 . C. F. Rammelsberg, 
also, in his paper, Veber die chcmische Naim der Glimmer (Berlin, 1889), assumed 
that the micas must be associated with three silicates: RoSiOj, R 4 ,Si 04 , and 
UjSiOj, a,saociated in various (uoportions. Thus, muscovite was con.sidi'red to be 
compounded of B 48 i 04 and Al 4 SisOi. 2 . This mode of dealing with the problem 
cannot be considered a .solution of the difficulty, for it can be applied to represent 
the composition of any conceivable silicate, however complex. W. and 1). Aseh 
ajtply their hexite hypothe-sis to the micas, postulating that they are compounded 
of three tyjw micas. S. J. T.hugutt, R. Brauns, J. W. Retgers, P. Grotb, etc., have 
also discussed this subject. P. Erculisse, and J. .Takob applied the co-ordination 
theory to the micas, representing muscovite bv [AI(Si 04 ) 3 )Al 2 KH 2 . 

F. W. Clarke, in his Thmy of the'Mica Group (1889), argued that ail the micas 
should be reducible to one general type formula; that the formulee should express 
all known relations; and that hypothetical compounds should be as far as possible 
avoided. Ho used the normal salts Al 4 (Si 04)3 and Al 4 (Si 308)3 as theoretical 
starting points for the micas, vermicnlites, chlorites, and margarite. Thus, in his 
memoir. The Conslilulion of the Silicates {Washington, 51, 1914), starting with 
• normal aluminium orthosilicate, he obtains; 
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Aluminium orthoeilicate *.AljiSiOJ, 

Muscovite.Al,(SiOJsKH, 

Normal biotite ........ Al|(SiO,)jMg,KH 

Normal phlogopito. A](SiO,),Mg,KH, 

This makes the micas out to be aluminotriorthomlmtes. Any further substitution 
of the same type would remove the linking atom of aluminium, and break up the 
fundamental nucleus Al(Si 04 ) 5 , as can 1*8 seen graphically : 

^Si 04 =Al SiOjSKH, SiO^sAfgK .SiO^sMgK 

Al( 8 i 04 =Al .Ar-SiO,=Al AI“Si 04 SMgH Al^SiO.sMgH 

NiiOjSAI ''SiO.=AI ^Si04=JU ^iO,=MgH 

Alumlnliiin orthwlllcstc. MuKoovlto. Normal blolllc. Norinal phloaoplto. 

J. Uhlig suggested that cryptotile, H 3 Al 3 (Si 04 ) 3 , found by A. Sauer as an alteration 
product of prismatine, is the terminal member of the series of alkali micas, 
(AlSi 04 ). 3 Al(Si 04 H 3 ). F. W. Clarke added that while typical miiseovites agree 
sharply with the formula, the composition may vary within limits : (i) Sodium may 
replace potassium until it merges into paragonite which has the corresponding 
formula, (AlSi 04 ) 2 Al(Si 04 Na 2 H); again, (ii) Some chromium may replace aluminium, 
furnishing t he rhrnmiferous mica called/wcfcife. Usually, however, the proportion 
of chromium is small; (iii) Some ferric iron may replace the aluminium. This, loo, 
is usually small but in a sericite mica analyzed by C. Senliofer, the forimila 
approaches Al.,Fe'Si 04 ) 3 Klf 2 ; (iv) The aluminium may be replaced by vanadium. 
In the idealized roscoelUr, AlV 2 (Si 04 ) 3 KH 2 , there should be 33 6 per cent. V 2 O 3 , 
but not more than about 24 per cent, has been actually observed ; (v) The ])re 8 ence 
of magnesium or ferrous iron is usually attributed to the admixture of some biotitic 
mica; and (vi) While normal muscovite has 4r)'3 per cent. SiOo, the proportion may 
rise to about 59. G. Tsehermak called tlie.se siliceous muscovites pAcw/ite -from 
(fx'yyes, glitter—and explained them by assuming that they are mixtures of muscovite 
with an acid silicate, 1148^012 ; and F. W. Clarke assumeil they are mixtures of 
muscovite with the alumimlrixtrisilicalej) Al 3 (Si 303 ) 3 KH 2 , built on the mica typo 
of mol. Some of the lithia-micas are almo-st entirely the trisilicate, and other 
muscovite micas have from 0 -50 per cent, of the trisilieaU' with ferric iron, 
ehrominm, or vanadium rejilacing more or less of the aluminium. The mica 
eiipliyllile, continued F. W. (darke, has the univalent group A 1 (()H) 2 , making 
Al:i( 8 i 04 ) 3 KH.{ Al(On). 2 1. E. T. Wherry ajiplicd the at. vol. theory of isomorphism, 
and a.saume,d that the passage from U 4 K 2 (Mg.Fe)Al 4 Si 7024 to H 4 K 2 AlsSij 024 
involves the double isoraor])hou8 replacement of (AI 4 Mg) and (Al | Si). 

The biotite and phlogopite micas exhibit greater variability in composition than 
the muscovite micas. F. W. Clarke refers the biotite micas to the four types ; 

.SiO.-MgK ,Si04£:-Fc"K /.SiO.r^MgK ,8i04=Fe''K 

ALSi 04 =MgH Al(^Si(),sKe"H AU SiO.sMgH Al 'Si(),-:.I'V'H 
'Si 04 SAI ,SiO,=Al SiO,s:.Kc"' .SiO.i^Fe"' 

which when mixed in various jiroportions, with the substitutions previously 
indicated, can be made to simulate the composition of this group of minerals. Thus, 
F. W. Clarke showed that the siderophyllite of II. C. Lewis can be represented by 
the second of these formulie ; while the, hanyhlonile of }1. h’. Heddle is a mixture of 
the first, second, and third. The phlogopite micas were represented in a similar 
manner, by admixtures of two or more minerals of the type: 

,.SiO,sMgK NiOjSMgK * Vsi04=MgK ■ /Ki04=Fo''H 

A]^Si 04 SMgK Al(si 04 ^gK Al(^Si 04 =Fo"H AC 8 i 04 =Pe''H 

^Si 04 SMgH 'Ni 04 =:Fe"H Si 04 =Po"H 'Ki 04 =Fe"H 

F. Grttnling described a sodium phlogopite containing no potassium; F. von 
Kobell’s atpHolite may belong to the same class; and the mangamphyllite of 
L. J. Igelstrom, G. FUnk, and*A. Hamberg with its 9-17 per cent, of MnO, seems to 
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be mixed with AJfSO^jsMnjKHj, G. Tscherma^, E. Daimer, etc., bare also 

discussed this subject 

In cases where the oxygen is in excess of that required to convert all the silicon 
into SiOf, and the excess is not due to defective analyses, it is assumed to be pro¬ 
duced by alteration, or by replacement of um'valent radicles by hydroxyl groups 
like AlfOHji, R'VH, etc. The lunction.of titanic oxide in the analyses of the mica 
is not Imoivn, since it may replace silica aStTiOj; it may replace alumina as TisOj ; 
or it may be present as inclusions of rutile. Fluorine is co&tained in many micas. 

It may be present as a monad group like AIF 2 , or R''F. An average lepidolite, for 
instance, can be regarded as a 1:1 mixture of a trisilicate, AliSisOjlsKjLijiAlFjls, 
and muscovite, AI( 8 i 04 ) 3 Al 2 HKLi. H. Baumhauer, indeed, found inclusions of 
muscovite in lepidolite. Some potassium may be replaced by sodium ; and some 
fluorine by the OH-radiefe. Zinnwalditc is considered to be a mixture of the same 
trisilicate with ferrous biotite, AllSiOilslFeKjjAl. Cryophyllito is related to 
zinnwaldite, and its composition, though more complex, can be represented in a 
similar manner. Analogous remarks apply to the imtigite of S. Weidman, 
while the poh/lilhionitc of .1. Lorenzen, and 0. Flink and co-workers is con¬ 
sidered by F. W. Clarke to be a trisilicate 1: .5 mixture of AllSiaOslalNajK), and 
Fj; Al.lSiaO,) i Lij. 

The biaxial potash-mica ajipcars to have been designated vitrumimt.mvilicum by 
J. G. Wallcrius,* and, as previously stated, to have been found by A. B. de Boodt 
in Moscovia. It was called mmcovite by J. D. Dana in 18.50. It has also been 
called common mica, potmh-mica, white mica, biaxial mica, and oblique mica; it 
was formerly called musemiy glass. When clear and transparent, it is sometimes 
called, in commerce, wain mica. 

Sovorol varieties have been assigned aiiociel nnums. A. Dolosso gave the name 
dowieurde —after A. Dainour—to a variety previously designated hydmmka by T. Thomson. 
Daniourito was discussed by A, Knop, A. dea Cloizoaux, d. 0. Dana, 0. F. Rammelsberg, 

D. Lovisato, R. Dittler, 0. Tschormak, J. L. Igelstrdm, and M. Bauer. The gilbertUe of 
T. Thomson was found in the tin mines of St. .Austell, Cornwall, and it was named after 
D. Gilbert; A. Fronzol also found tbe same mineral in the tin mines of Saxony and Bohemia. 

V, Diirrllold described a somplo from Fichtelgehirge, Bavarip. Gilbertite was also doscribod 
by A. Breithaupt, A. Fnaizel, F. Sandberger, C. I’eters, and .f. H. Collina, J. F. L. Hausmann, 
and C. Hiritzo considered it to Ixi related to clima clay. T. 'J'bomson doscribod lalrite 
from Wicklow, Jreland ; and what he called narrite from Maine—kaolin. K. P. Greg 
and W. G. ladtsom ri'garded gilbertite, talcite, and nacrito ns varieties of margmodik. 

A. dos f'loizeaux also discuased this mineral; and C. Hintze regarded it us nn impure clay. 

Idle name talcite was applied by K. von ScbnfliautI to a tnlc-like mica from Mt. Gmiiier, 
Zillerthul. The name maigarodito was suggested by the lustre—gagyagiVtt, a pearl. 
J.P. Cooke obtainoif a variety of dnmounie from Sterling, Mass.; and he called itstfrhngUe. 

A greenish-block variety from Derby, Vermont, was called uilamsite,. It wa,s analyzed by 
G. J. Brush, and likened to muscovite by G. Tschormak. T. D. Band described a micaceous 
mineral from Greenland, which he called wiyble. Both G. Hagomann, and F. John-strup 
consider it to be a variety of gilbertite. F. Sandberger described a scaly mineral from 
VVittichen, Baden, which he called kpidomarphitf —from Aem'i, a scale ; and fiog^ij, form. 

P. Groth considered it to lie a siliceous variety of muscovite. O. Stnrkl obtained a green 
mineral from the mica sebist of Klein Pischingbachthel, Austria, and a sericite-hke mass 
from Anna-Kapelle, Wiesmath, and Ofenbach, Frohsdorf, Austria. He called the former 
pycmphyllite, and the latter kw,ophyUile,—itom irmros, dense; Atwo's, white ; and 
^u'AAoc, a loaf. 

C. List ap[>lied the term scricite to a talc-hko mineral from I’auniis—cygexos, silky — 
because of its silky lustre. For a time, C.T?. StifIt considered it to be a variety of talc ; 

C. List, and A. Knop, a variety of damourite; and J. R, Blum, m'c/ila anderea ah Kali -. 
glimmer. The relation of sericite to mica was emphasized by K. A, Lessen, F. Scharff, 

A. von LomuIx, A. Wichmonn, and H. p,osenbuBo.i. H, Laspeyres showed that it is essenti¬ 
ally identical with mtiscovite, and is originally derived from felspar. Occurrences and 
analyses of sericite wore indicated by A, Pichler, A. K.Tbrnebohm, A. Rzehak, C. K. Crodner, 

A. Wichmann, A. Hutchinson and W! C. Smith, C. W. von Otimbol, C. Schmidt, A. von 
Groddeck, B. Koto, A. F. Rogots, K. voii Fritsch, etc. A greenish-white scaly mineral 
found by F. Sandberger as an alteration product of the oligochtse in the gneiss of Wild- 
sch^bachthal, Baden, was called nichMcnct/c. 

F. von Kobell obtained a rounded, compact, light green mineral in the dolomite of 
Passecken, Salzburg, and he called it onocaine —from oroKmrIs, a swelling up—in allusion 



SILICON 


607 


to its behaviour before the blowpipe. 0. Piolti described a sample from Variney, Italy. 
A. des cioiteaujt classed onoosine with halloysite, agalmafolite, etc.; J. D. Dana, witli 
pinite; and G. Tschermak, with the compact muscovites. E. Cohen ro|iorted a compact 
muscovite from South Africa; and F. Sandberger obtained a variety he eallod oticophyllUr 
as an alteration product of felspar. K. von Schatliautl Brst designated a greenish mica 
containing calcium carbonate which he found in the chlorite schists of Zillerthal, didrimile, 
but later corrected the name to didymiU —from SiSepot, a twin. C. Hartmann sliowed 
that the calcium carbonate, ohne Fehler, is an admixed impurity of the mica. K von 
Schafhautl applied the term antphilogde to A mineral similar to didymite- from 
doubt—in allusion to his "uncertainty as to whether the contained calcium carbonate was a 
mixture or an essential component. K. von Schafliautl named chroimferous mica from 
Schwarzenstein, Zillerthal, /nc/isiVe—after J. N. von Fuchs. Other chromiferous micas 
hove been examined by A. C. Gill, A. Damour, H. Gorceix, G. T. Prior, etc. 
S. M. Losanitsch found an earthy aggregate of crystalline scales m the quartzite of Monte 
Avaia, Belgrade. He called it anilile. It contains almost 15 [)or c<'nt. chromic oxide. 
A. von Groddeck regarded it as a chromiferous mica related to sericite. A kind of hnryta- 
mica— with 5 per cent. BaO-occurring near Kcmmat, Tyrol, was nameil oUnrhrrite by 
J. I). Dana-after J. Ollacher. It was described by G. A. Keungolt, T. F. Rammelsliorg, 
and tl. Tschermak. 

K. volt Schafhautl 5 called the soda-mica which he found in the, rock at Monte 
(.'ampionc, St. tiothard, paragonite from impayta, 1 mislead in allusion to its 
re,scinblanco to talc. (!. A. Kmingott ('idled it prnjrciUite ^hmn I’rcgratten, 
Tyrol. 

A compact variety of paragonih' was identified in an antique ring or hracelet found in 
the neighbourhood of Turin. It was named cotigatte after A. t'ossa. It has been found in 
a number of other places. A kind of sodn-potash mica intermediate Isitween luuHcovite 
and paragonite was named ruphylhlc by B. .Silluuan -from eJ, well ; a leaf. 

Sjiccuiions have liecu descrilxal and aualyzisl by J. L. hiiiith, G. J. Brush, h. H. Mallet, 
J. D. Dana, J. .1. Grooke, etc. G. Tschermak seems to regard the miuoral as a mixtliro of 
museovito with paragomto and margarifo. 

1. S. K. I. Kquea a Horn « (I7'.)l) dcscrihed what appeared to bo a violet zeolite 
which occurred in white scales with a jicarly lustre, and it was called lilalile in 
reference, to its colour. A, Esther (179.')) did not discuss it in connection with the 
micas. Soon afterwards, M. H. Klaproth analyzed the mineral, and named it 
lepidolite from Actti's, a 8cale--in allusion to the scaly structure. The same term 
was used by R. Kirwan. H. Credner showed that the mineral is related to mica. 
I’. A. Wenz, and (1. C. Gnielin showed that lithium is present; and 11. ('. Gmcliti 
called it Uthionijlimmer—lithia iiiu-a. W. llaidinger designated the lithium-iron 
mica from Zinnwidd, zinnwaldite, and F. von Kobell included lepidolite and zinn- 
waldite as members of one cla.sa, lit/iwnite. 

A hydniU'd liUiia-n»i«a iii minut4i hchIoh Hiid in sl».*ndf*r Hi\-Hido(i priunw, 

Bometiines l>ent, was desGiilM'd by (i. J. Ib-nsh. it was iiamod vookeitc aff<'r J. V. (.'ook«s 
and obtomod at Hnbion and Taris, T. 1). la 'I'oncho found it at iWlar, Kuslimir. 

It was analyzwl by (i. J. Ibnali, tl. C. Hoftinuim, and S. b. liaifiold. F. W. Clarko 
reprouenU tbo foinpoHition of cookoito by tlio formula Al—SiOi (AlOH)- Si ()4 
={Al(OH)J[HLi^-H^O ; and S. L. Poufiold by Li{Al(()H).^}a(S»0>)j. Iilhivm tnaluminiuin 
hixahydroxydinuitasiUcate. The sp. gr. is 2 075; the bardnoss 2 3; and the doublo 
refraction positive. J. Cooke found a variety of litliia-inica in tlie granite of CnjK) 
Ann ; and ho called it cryophiUitc —from KpvQ%, ice ; <^vAAov, a leaf— in allusion to iU easy 
fusibility and foliated structure. G. Tschermak classed it with zinnwaldite; F. Groth 
treated the two micas separately. J. Lf>renzon applied tlie term polylUhioniti- to n variety 
of zannwaldito from Kangerdluarsuk, Greonlaitd. The Itubenijlimrurr of A. Ilrf.at)mupt was 
shown by G. Tschannakg P. Groth, and M. Bauer to lie a kind of ferruginous zinnwaldite. 

F. Sandberger described a lithium-iron-mica from Erzgcbii^, Fichtelgobirge, «ml Fib«ni- 
stock, and named it prololUkionite becai se he coi^idered it to be the source of zinnwaldite. 

G. Tschermak, and P. Groth regarded it as u ihinoty of zinnwaldite. 

R. J. Hauy ^ allocated the crystals of mica first to the rhombic Hystem, and 
later to the monoclinic system. Both J. B. Biot, and L). Brewster noticed that 
there are two kinds of mica—one being optically uniaxial, and the other biaxial. 
A. Breithaupt called the uniaxial micas twfrttes—from da-Tijp, a star—and the biaxial 
micas pkengites —from t^tyyos, glitter. He designated the uniaxial biotite from 
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Vesams aslrites momus—bom iiefm, a part; md a guest—and the 
magnesia mica bom Antwerp, New York, phengiles phhgopites, or simply 
pblogopite—bom Same; and dij', appearance. J. F. L. Eausmaan called 
the uniaxial mica bioti^jn honour ofJ. B. Biot. He also called the black uniaxial 
mica from Wermland, Sweden, kpidomelltne—bom Aoni, a scale; and /teXas, black. 
Numerous analyses * of muscovite or potash-mica have been reported, and the 
inferences which have been drawn from these date as to the constitution of the 
muscovite have been indicated above. Tbe idealized mineVal can be regarded as 
potassium dihydrotrialnminotriorthosilicste, KH 2 Al 3 (Si 04 ) 3 . Analyses® have 
likewise been made of paragonite or soda-mica, and the idealized mineral can be 
regarded as sodium dihydiotrialaminotriorthosilioate, NaH 2 Al 3 (Si 04 ) 3 . The 
analyses of lejndolito or lithia-mica show that it is more complex than muscovite 
or paragonite. As indicated above, the idealized mineral can be represented as a 
mixture of potassium lithium hydrotrialuminotriorthosilicate, KLiHAl 3 (Si 04 ) 3 , 
and of potassium lithium hezafiuotetra-aluminotrimesosilicate, K 3 Li 3 (AlF 2 ) 3 AI- 
(Si 30 j) 3 . The analyses" of zinnwaldite show that it is a complex lithium- 
iron-mica. It is considered to be a mixture of the trisilicate associated with 
lepidolite, and ferrous-biotite— vide mifra. The analyses 12 of phlogopitc or 
magnesia-mica, and of biotite or magnesium-iron-mica show that they are probably 
complex mixtures. Idealized biotite, on F. W. Clarke’s system, is potassium 
dimagnesium hydrodialuminotiiorthosilicate, and phlogopite, potassium tri¬ 
magnesium dihydroaluminotriorthosilicate. 


/8i04:=MgK 
Al^-SiO sMgH 
hSiOj-MgH 
PliloKoplte. 


,iSi 04 =MgK 
Al. Si04SMgH 
\si 04 SAl 

Biotite. 


Similar remarks apply to lepidomelane. A. N. Winohcll based a tlieory of the 
structure on the a.ssumption that each crystal is an aggregate of a number of inter- 
grown space-lattices which differ from each other in the sizes of their con.stitiient 
atoms. 1’. Kreulisse regards the mica.s as solid .snlii. of salt.s of two or three acids, 
nAISi 2 ()e, JlsAISiOj, and JIoAl.^SiOe; and J. .lakob represented the niagnesia- 
inieas as comjilexes of 

[AI(Si()4)]{^^l^^ [AltSiOsfj];’^',-’ [Mg(.Si()4)3]R"5 

Sovfiml vrtrioties of biotito, phlogopjiA*, and Ifipidornelane have been reported. 
J. 1). Dana •* called a black variety, alinoat free' from magnesia, from Capo Ann, annite. 
J. P. Cooko allowed that it is a lepidomclano. AnomUe —vide infm —has Iaooii diseiwsod 
by (1. Ik-hermak, F. Becke, K. KoHonbustdi, F. Malt. F. Eiohstiidt. etc. F. von Kobey 
applied the term tuiptdolite —from aovis, a shield*—in allusion to the shape, to an olive-gi’een 
mica from Zillorlhal, Tyrol. P. Croth regarded it as an altered moroxene. A. Breitliaupt 
a[)pliod the term alurgik —from tlAoupyoy, purple—to a purple or red micaceous mineral 
occurring in the manganese ores of Kt. Marcel, Piedmont. It is also called manganeHtf-mica. 
It may be the same as manganophyllito. W. T. Schallor considers that the manposite of 

R. Sillinmn, and alurgite belong to a series of mixed crystals, and holds that the name 
mariposite should bo abandoned. The minerals were analyzed by W. F. Hillelirand, and 

S. L. Ponfield. Alurgite has the composition 6 {Hj,Kj) 0 . 2 Mg 0 . 3 ;Uj 03 . 12 SiOj; and 

mariposite, K,(). 4 Al 30 ,. 12 Si 0 j. 3 H 20 . £. S. Larsen studied the optical properties of 
alurgite. A. Knop found the biotite from Schelingen, Kaiserstuhl, has over 7 per cent, 
of baryta, and he oalk‘d it baryto-biotik. A. H. Dumont, and A. des Cloizeaux refer to a 
greenish-brown plicated mic* occurring in the quarizite of Bastogne, Belgium, which was 
called bastonite. A. H. Chester described an alteration product of biotite from Franklin, 
New York, and called it ('uamllik. A. Benard considers it to be an altered phlogopite. 
J. P. Cooke refers to a mineral, cultagecik, from Culsagee, Franklin, North Carolina, which 
appears to bo a hydrated alteration pri^uct of phlogopiti*. 0. A. Koenig, and T. M. Chatard 
analyzed the mineral. F. W. Clarke also considers dudleyik from Dudleyvillo, 
Alabama, reported by F. A. (jonth, to be a decomposition product of phlogopite ; and 
also of murgarite. He represente its composition by CaHSSiO,—AI( 0 H)~Si 04 
S(A10H){A1(0H),}. The chlorite-like mineral euchhrik —from eH, well; — 
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obtained by C. U. Shepard from Chester, Idasa., was shown by }*'. IHsani to be ordinary 
biotite. Q. A. Kenngott described a chhritdhnliche Mineral from Presburg, Hungary, 
which he named eukamptUe-—tTom eis easy; Kaujus* bending. C. von Hauer, J. D. Dana, 
and 0. Tsohermak consider it to be a hydrated biotite. A. Leeds called a mica from East 
Nottingham, Perm., hallite after J. Hall. It was d^oribed by J. P. Cooke, and F. W. Clarke 
and £. A. ^hneider. G. Tschermak regards it as ah altered meroxene. M. F. Heddle 
called a highly ferruginous biotite from various Scottish localities haugfUonUe —after 
8. Haughton. R. T. Simroler, and G. A. Kenngott called a micaceous mineral from tlie 
Swiss Alps Julvtlan —fron) Helvetia, Switzerlhnd. G. Tsohenuak regards it as an altered 
biotite. H. C. Lewis and A. Schrauf refer to hydrated biotitos as hydn^iotiU. F. W. Clarke 
represents hydrobiotite by the formula Al—SiOj—A!=ai(Si 04 ==MgH),+ 3 H, 0 . Ho like¬ 
wise gives for hydropIdogopUe, Al=(Si 04 =MgH) G. J. Brush found a vermicu- 

litic mica at Westchester, Penn., and named it jefferisite —after W. Jofferw. F. W. Clarke 
and E. A. Schneider, F. A. Gentli, T. M. Chatard, and G. A. Koenig analyzed the mineral. 

G. 'Ibchermak considers it to be a more or loss altered phlogopite; and F. W. Clarke 
says that its composition is near that of hydrobiotite. F. W. Clarke and E. A. Schneider 
descril)ed a jnineral which they called kerrite from Franklin, Nortli Carolina; it 
approximates to hydrophlogopite. They called a vermiculitio mineral from Lenni, 
Delaware, Unnilite —A. Schrauf regarded lemiilito as a panu'JUorite, J. Eyroman 
analyzed lennilite. T. M. Chatard called a vermiculitio mineral from Franklin, North 
Carolina, lucaaUe —after H. 8. Lucas. A manganiferous biotite from Pujaborg. Swodon, 
xvoH named nuinyanophyllite by L. J. Igelstrdm—from ii>vXXov, a leaf. F. W. (>larko and 

E. A. Schneider called a vermiculitio mineral from Middletown, Delaware, painterite. 

F. A. Cionth described a micaceous mineral from Unionviile; he called it ^Mitersomte. 

H. C. I^jwis applied tlio terra philadelphUe to a venniculitio mineral occurring near Phila¬ 
delphia : and G. A. Koenig, proiovermiculite to u micaceous mineral from Magnet Cove, 
Arkansas. F. W. Clarke and E. A. Schneider consider it to l>e a hydrated liiotite. 

G. A. Koenig, and F. A. Genth liave also discujsed the mineral. F. W. Clarke says that 
the formula 


%^|o|>^Vi-SiO,(MgOH),+3H,0 

fits the analysis of protovermiculite very well. A. Knop applied the terra pm udobioiile 
to un altered biotite from Kaworatuhl, Baden. A. Broithaupt described an olivo-greon or 
liv<'i-brown mica from Brevik, Norway, and called it plerolite —from irupoy, a feather— 
in allusion to the fau-shaj>oil forms in which it occurs. A. Lacroix showed that the mineral 
is heterogeneous, and \V. C. Broggor, tliat it is an alteration product of amphibolo. F. vou 
Kobotl reported a mifueeous mineral from Elba, which ho named pyrosderile —from irvp, 
fire; and axXypo',, hard (refractory). C. C. Shepard applied the terra raetolyte —from 
pdoTos, very ou.sy ; Avw, dissolve-- to a hydrated biotite from Monroe, N.Y. 0. Tschermak 
regards it as a decompused product of biotite. A. Breithaupt called a reddish uniaxial 
rnicia from Laa<-her See, nthiilan. M. U. Hollrung considers it to be an altered biotite. 

H. C. Lewis deseribt'd a biotite very rieh in iron and poor in magnesia from Pike’s Peak, 
Colorado, and called it eulerophijlltle —from aihypoi, iron; ^uAAo*', a leaf. N. 8. Maskelyne 
and W. Flight described vaalUc as a doeompusition product of biotite at Du Toits Pan, 
South Africa. T. H. Webb applied the term vrrtniculUe — vermis, a worm—to a micaceous 
mineral from Worcester, Ma.ss,, which was also d^cribed by T. Thomson, J. P. Cooke, 
A. Sclirauf, and C. T. Jackson. F. W. Clarke and E. A. Schneider discussed the con- 
Btifutioii of vurmiculite. It is an altered phlogopite or biotite. £. E. Sclimid applied 
the term voiytUe to a kind of biotite from Ehreiiberg near Ilraenau. G. Tschermak calleil 
it an altered biotite more or less hydrated. F. A. (ienth described a micaceous mineral 
from North Carolina, as a deoom{>o.sition product of biotite; and he named it wUle/mte. 
F. W. Clarke regards this mineral as a kind of basic analogue of the mixed biotite— 
phlogopite type. H. Kixienbusch, and G. I^ttormann have described a titaniferons biotite 
obtain^ from Katzenbuckel, and they culled it wodanUe —after the mythological Wodan. 

Muscovite is a pyrogenetic mineral ^Jhich occurs, as a primary constituent 
in deep-seated igneous rocks rich in alumina and potash, and poor in iron and 
magnesia. It is common in granites, syenites, and pegmatites. From its water- 
content muscovite was probably formed m fhese rocks under press. It does 
not occur as a primary constituent in recent lavas and their glassy magmas. 
Muscovite is common as an alteration product of many minerals—andalusite, 
oyanite, topaz, felspar, nephelite, spodumene, scapolite, etc. As a secondary 
mineral it is often called sericite. Paragonite is one of the rarer varieties; it occurs 
in crystalline schists, hut doej not occur as a pyrogenetic mineral. Lepidolito 
occurs in granite and pegmatite where it may form violet or lilac-coloured crystals 
vot. VI. 2 » 
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associated with muscovite. It sometimes occuti as a secondary product after 
muscovite, when it occurs as margins on the plates of muscovite. CryophiUite 
similarly occurs on plates of lepidolite. Phlogopite occurs chiefly in metamorphosed 
limestones and dolomitps and serpentine; W. Cross found it in an igneous rock, 
and it appears in some igneous rocks rich in magnesia and poor in iron. Biotite 
occurs in many igneous rocks—granite, syenite, diorite, trachyte, andesite, basalt, 
etc. It is rare in rocks containing a sjnall proportion of magnesia or potash. 
It separated early in the crystallization of rock magmas, and followed the metallic 
ores, apatite, and zircon. It is a common constitueAt of gneiss and schists, and is 
developed in some zones on contact metamorphism. Lepidomelane occurs in 
felspathic rocks low in magnesia and high in iron- e.y. some granites, syenites, etc. 
It is also found in metamorphic rocks. 

The alleged syntheses of mica are not altogether free from objection, because 
the micaceous appearance of a product is not proof that a mica has been formed. 
Further, although some phlogopitcs are almost anhydrous; in general, water is an 
essential constituent of true micas, and therefore pyrogenetic processes which yield 
anhydrous product s may furnish mica -like products, but not true micas. F. Fouque 
and A. Miehel-LAvy i'’ heated powdered vitrefied granite with water under press, 
for a long time at red-heat, and obtained an artificial rock with scales of mica. 
C. Doelter reported the synthesis of scaly crystals of muscovite by heating andalusite 
with a soln. of potassium carbonate and fluoride at 250°. In nature, also, andalusite 
readily alters into muscovite. J. Lemberg did not get mica by heating andalusite 
with sodium silicate. S. .1. Thngutt obtained potash-mica by heating to 196°- 
233° a mixture of potash uephelinc and water—G. Friedel studied the reverse 
reaction. K. Baur and F. Becke made muscovite by heating in steel cylinders 
mi.xtures of silica, alumina, and a soln. of potassium hydroxide at 350°-450° for 
12-16 hrs. C. Doelter also obtained micas by fusing various natural silicates— 
e.g. leucite—with potassium or sodium fluoride. Wlnni andalusite is fused with 
a mixture of pota-ssium Huosilicale and aluminium fluoride, muscovite was formed ; 
and when some lithium carbonate was present, a lithia-mica was produced. 
F. llautefeuille and L. P. do St. Gilles found that biotite is formed by fusing a 
mixture of the constituents with potassium lluosilicate. K. Chru.stschoil fused a 
mixture of the constituents of mica with the fluorides of sodium, aluminium, 
and magnesium, and also with pota.ssium fluo,silicate, and obtained crystals of 
biotite by slowly cooling the mass. ,T. Morozewicz mixed the constituents of 
rhyolite with one |)er cent, of tungstic oxide, and aft(?r jirolonged fusion and slow 
cooling, obtained plates of biotite. 0. Doelter obtained biotite (sodium) by fusing 
a mixture of hornblende, Jiyrope, augitc, almandite, or grossularite with soclium 
and magnesium fluorides; by fu..ing leucite with magnesium fluoride; and by 
fusing a mixture corntsponding with K AlSif > 4 , Mg. 2 Si 04 , and .sodium and magne.sium 
fluorides, (llaucophane treated similarly also gave phlogopite. E. Mitsoherlich, 
.1. F. L. Hausmann, and G. Forchhammer found mica-])lates in slags, crucible walls, 
and furnace masonry'. .1. 11. L. Vogt found that some slags from a copper works 
contained phlogopite with the hydroxyl replaced by a monad radicle. G. V. Wilson 
observed the formation of mica by the action of molten glass on bricks. 

Micas vary greatly in COloui. Muscovite may be colourless, white, grey, yellow, 
brown, pale green to olive-green, viokt and rarely rose-red. Some Bengal musco- 
vites am dark red, and the colour deepens into ruby-red when in thick sheets. 
Amk’r-coloured muscovite is found only in the Nellore district, Madras. Para- 
gonite may be tinged with yellowy grey, of’ green ; lepidolite is white, grey, lilac, 
or rase-ri'd ; and zinnwaldite is coloured like lepidolite, but in addition it may be 
brown. Phlogopite is often brown or brownish-red, but it may be colourless, white, 
yellow, or gn'cn; biotite is usually green or brown to black, often pale yellow, and 
rarely white. Lepidomelane is black. Fuchsite, or chromiferous muscovite, is 
emerald-green. When in thin sections, the lighter-coloured micas may appear 
colourless. The colour is modified by inclusions." In some cases there are aggre- 
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gates of wavy lines of a lighter colour than the mica itself; or a sheaf of such lines 
may spread in one direction from an inclusion. The liuiie of mica is often different 
on the cleavage planes from what it is on the other planes. The lustre may be 
vitreous, or pearly; and in some cases glassy, and dull, 

J. B. Biot showed some crystals of bioiitc sire uniaxial; but 6. Rose found 
that the greenish-black crystab from Vesuvius belong to the monoclinio system, 
and this was verified by the measurenipnts of W. Phillips. On the other hand, 
J. C, G. de Marignac said that the Vesuvian mica is hexagonal, while mica from 
Binnenthal is monoclinic. The hexagonal character of the crystals was accepted 
by G. A. Kenngott, N. von Kokscharoff, and F. Ifesscnberg. B. Silliman, however, 
remarked that the crystals of biotite are often biaxial, and that uniaxial biotite 
is anomalous. This was confirmed by W. P. Blake, H. \V. Dove, H. do S4narmont, 
J. Grailich, etc. F. Leydolt, F. von Kobell, F. Hesseuberg, G. vom Rath, M. Bauer, 
H. Baumhauer, and others supported the view that some micas belong to the 
rhombic system. T. L. Walker said that probably all the micas e.xcept muscovite 
have hexagonal .symmetry, and belong to the triclinic system. M. Royer also 
inferred from the growth of crystals of ammonium iodide on fresh cleavage faces of 
muscovite, that the mineral is of triclinic symmetry, and is built up of laminations 
twinned at 18(1° to one another so as to maki' the crystals pseudomonoclinii!. A. des 
((loizeaux proposed assigning all the micas to the rhombic system, but he later 
showed that .some belong to the hexagonal sy.stem. C. Hintze showed that the effect 
of temp, on the axial angles of the crystals of mica does not support the view that 
the cry.stals are hexagonal, or rhombic. N. von Kokscharoff then proved that the 
facts best fit the a.ssumption that all the micas are monoclitiic. This conclusion 
was confirmed by the work of G. Tschermak, and M. Bauer, who showed that no 
mica has a higher symmetry than corresponds with this sy.stcm. The biotites 
which have the optic axis in the jilane of symmetry have been called mfroxenes, 
and those with the optic axis iH'r|»‘ndicular to the |ilane of symmetry have been 
called (inamilcx from lii'o/nw, contrary to law. These two optical varieties of 
biotite have not been found to be associated with any particular com|)oaition or 
magma, for both varieties may be associated with the .same rock. 

Isolated crystals may be scattered through masses of rock, or groups id crystals 
may be present in curved, spherical, or radiating fan-like clusters. Mica occasionally 
occurs tnassive and cryptocrystalline. The size of the crystals varies from the 
cryptocrystallinc forms to the crystals of muscovite from Nellore, India, which 
have been known to measure 1(1 ft. across their basal planes. Phlogopito crystals 
weighitig .TtHK) lbs., and measuring Ji ft. by i) ft., have be.m taken frotu Canadian 
mines. iStich hyiH-rtropes are exceptional. Crystals from 
()-l2 ins. in diametiTare common. Geometrically perfect 
crystals, free from di.stortion, etc., of a size suitable for 
accurate measurement, are comparatively scarce. The 
prism lace m of the crystal. Fig. l.'U, is the (221)-face,; c is 
the (ll(l)-face; b, the (Ol(t)-face; and fi, the (in)-face. 

The edge cm is sometimes replaced by fact'ts of o, the 
(112)-face, and the angle CO -7.3°!'. .Mica ciy'stals—parti- Km. 131.—Muscovite, 
cularly those in the coarsely crystalline and softer rocks— 
may have been mote, or less distorted, cru.3hed, and twisted. The so-called tlep- 
cnjsUilff anr formed when the press, has acted across the crystals, so that the 
laminae have slipped in layers of varying thickness to form a series of steps 
which have generally been cemented in thefc new position by thin films of 
calcite or other mineral. The crystals may also have been subjected to some kind 
of chemical action, as is evidenced by pitted or roughened surfaces. The crystals 
of the different micas are isomorphous with one another. As indicated above, it 
is possible that the crystals belong to the monoolinic system, but, owing to the 
basal angles measuring approxijnatcly 120°, there is in many cases a close approach 
to the hexagonal or rhombic symmetry. N. von Kokscharoff gave for the 
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axial ratios of muscovite, «: i ^ «=0-5774:1: L6456 ; 6. Tschermk ga 
0'6777; 1:2-1932 and 5=95° 2'; and A. des Cloizeauz, 0-6777:1: M583, and 
fl_j() 9 “ 25 ' 2 f von Kokschafoff gave for biotite 0-57736:1:1-6481? and ^=90°, 
The isomorphism of tho micas i^ illustrated by the intergrowths of light-coloured 
miiBcovitc with dark-coloured biotite, so that the latter encloses the former, 
and the cleavage of the one continues into that of the other. The symmetry planes 
often lie turned at an angle of 60° to one aiRther. Lepidolite and muscovite behave 
similarly; and zonal intergrowths of biotite and pennine (a chloritic mineral) 
have been found. The frequent intergrowth of biotite and muscovite has suggested 
that the latter is an alteration product of the former. J. E, Pogue described the 
parallel growth of biotite and mica, and H. Baumhauer, of muscovite arid lepidolite. 
Similar effects are produced simply by a crystal of dark-coloured muscovite endosing 
a lighter crystal of muscovite; and in some cases the two crystals have a different 
shape. In more complex cases, the successive stages in the growth of the crystal 
conform more approximately to the symmetry of the central individual, wr the 
growth of the crystal has proceeded nearly equally in different directions. This 
has produced a banded structure, forming the so-called border mm. These 
phenomena of muUiple crysidlizalion.are probably produced by changes of press, 
and of the compo.sition of the cooling magma, which have interrupted the processes 
of crystallization. When the normal conditions have been re-established, crystalli¬ 
zation has begun anew, imparting a kind of zonal slrmture to the mica. E. Tronquoy 
di.scu.ssed the zonal structure of mica. ,F. M. .lager, and F. Rinne have studied the 
X-radiogram of muscovite, and biotite. The twinning of mica is .shown in polarized 
light, when upparenti v well-formed cr>'.stals of mica are obviously composed of two or 
more individuals, 'liie crystal forms, and the twinning of crystals of muscovite, 
lepidolite, and zinnwaldite were studied by G. Tschermak; those of muscovite 
by H. Baumhauer, F. I. Grishchinsky, and A. Johiisen; those of lepidolite, by 
W. T. Schaffer; those of biotite and phlogopite, by N. von Kokselmrolt, A. des 
Cloizeaux, G. Tschermak, G. voni Rath, H. Laspeyres, and S. Uroschewitsch. There 
is an irregular jiiiu-tion line, and the optic axial planes of the twins are inclined 
to one another at angles of about C0°. The common plane of twinning is in the 
prismatic zone (110) perpendicular to the basal plane c and parallel to the. edge, an. 
This twinning plane may form the intergrowth face with both individuals in 
adjacent positions either with the front right iirism edge or with the front left prism 
edge—Fig. 132. Twinning, however, does not usually proceed from twin faces— 



/tight Left 

I'lo. 132.—Juxtaposition Twins on tho I'ront 
Prism Foee—-Kight and Left. 



Fio. 133.—Superposition Twins on 
the Basal Plane—Right and Left. 


t.e. horizontally, but rather from the basal plane, so that the two indituduals arc 
superimposed and in contact along a plane almost parallel to (110). Eight and 
left twins then appear as in Fig. 133.^ The re-entrant angles »»»i=162 49 and 
w5=179° 19'. This twinning is common with zinnwaldite and is often evidenced 
by the matte appearance of the wi-faces. Owing to the twinning, large crystals 
of mica appear aa rude tapering prisms witl irregular sides. Usually the crystals 
are tabular owing to the preponderance of the basal plane c; sometimes they have 
rounded edges; and rarely, the qrystals are short and columnar in the direction 
of the vertical axes. In some cases, a number of small individuals of vanous shapes 
and sizes have intergrown symmetrically so as to form one large crystal. In some 
cases the largo crystals are hollow as if the smaller crystals have grown about ^me 
mineral which has been subsequently removed. The conosioil figures have been 
studied by T. L. Walker, U. Baumhauer, etc. 
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The deavage of mica paraSlel to the (OOl)-hce or base of the prism is highly 
developed, and it causes the crystals to cleave readily into thin lamin». Tlioro 
seems no other limit to the possible thinness of the plates than the mechanical 
possibility of spbtting them. Plates in. thick are easily obtained, and 
C. W. Jefferson and A. H. Dyer obtained plates () 00003 in. thick, but of no great 
size. This thickness is about one-thirtieth of that of ordinary tissue paper. These 
sections of mica parallel to the (OOl)-lacs do not usually show any cleavage lines or 
fracture cracks; but in all other positions, numerous sharply defined parallel 
cleavage cracks are noticeable in the direction of the trace of the (OOl)-face. Other 
lines of parting may be developed in mica by percussion with a sharp- 
pointed instrument, or by press. Pressure figures can be developed by natural 
processes—say, by the crystallization of some foreign mineral within the mica 
crystals, or by an external press.—or they may be produced by pressmg normally 
to a cleavage plate with a dull pointed instrument. The planes td fracture with n 
naturally developed press, figure divide the mica crystal into trigonal pieces. 
If the press, has been equally distributed, flic cleavage jrlates may show a close 
network of intercrossing fine lines ; and plates are said to be ruled mica. When 
the press, lines form in two directions the so.-called/eat/icr mu-ii may be )irodueed. 
If the press, has been sufficient, these cleavage, plates may split along such liiu's, 
forming small fragments of regular shajie. This spbtting spoils the <'ommereial 
value of the mica. In some ca.ses, the pre.sa. lines an^ developed in one diri’clion .so 
that the cleavage plate.s can be split into narrow .strips commercially called nldioii 
mica. The fragments po.s.se.s3 psmido-e.ry.stalline faees, some of which are inclined 
about 67° to the basal cleavage plane. These faces are called gliding planes. The 
gliding planes and cleavage planes are quite distinct and do not coincide, although 
the twinning planes of mica cry.stals coincide, with the gliding planes. A. .lohu.sen, 
and W. Wetzel studied the [iress. figures of mica. The percussion figure, di'Veloiied 
by striking a cleavage plate of mica with a shar|), pointed instrument, may apiiear 
as a six-rayed star, or, if imiierfectlv (levelo)H‘d, as a three-rayed star. The per- 
citssion figures were studied by H. Rensch, 1.). Hotmail, M. liaiier, T. 11. Holland, 
W. Wetzel, G. Tschermak, and A. .lohnsen. The mo.st prominent crack in the 
three-rayed .star is approximately ]iarallel to the (01t))-lace, and the other two, in 
biotite, are parallel to the (lH>)-faee. The angle x of intersection of the rays is 
a]iproximately lit)°. T. L. Walker found that the inclination of the one crack to 
the jirincipal one is .52° 5,'>'-5l)° for rniiseovite ; ,59° for lepidolitc ; 611° for biotite ; 
and iil°-t).'!° 2H' for phlogopite. The principal crack in the percuasion figure, being 
parallel to the ((llO)-faoe, .si-rves to orient the mica when the outward form of the 
crystal is w'anting. As shown by .1. Grailich, and II. Reiisch, one of the rays of the 
jH-reussion figure is peria'iidieular or parallel to the optic axial plane, and it must 
therefore be the trace of the plane of symmetry. G. Tschermak ealh'd the micas 
ill which the optic axial plane is perjsmdicular to the plane of symmetry, mkan of 
the first class, or mncrodiaijoiial mims- c.g. the, alkali micas, and the rare varieties of 
biotite called uwmile. Those micas in which the axial plane is parallel to the (!)]())- 
face were called micas of the second class or hrnchydmjorml micas — e.g. the ferro- 
magnesian micas, phlogopite, and zinnwaldite. T. H. Holland investigated the 
percuasion figures and the natural press, figures due to the inclusion of crystals 
of a foreign .substance. The angles of inlersection of the rays approximate. .'9)’, 
and one of the rays occupies the correct position of the principal ray of the art ificially 
produced percussion figure. The natural figure, unlike the artificial, is formed by 
the intersection of rays at 60°. T. H. Holland also found that at .KXl°, the angle w 
of the rays of the percussion figures Ls always larger than the corresponding angle 
on mica at ordinary temp. Thus, the angle k at 

Ordinary temp. .63' 63“ 30' 64“ 66“ 

300“.60“ 66“ 67” 57“ 30' 

This shows that muscovite possesses a higher degree of crystalline, symmetry at 
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higher temp., and that the crystal, at the temp, at which natural figures are pro¬ 
duced, might possess hexagonal rather than monoclinic symmetry. Accordine to 
C. Hintze, the measurements' of a Vesuvian biotite made the mineral appear 
hexagonal or rhombic, hut in thpsc systems the optic axis remains perpendicular 
to the base at all temp., whereas a change of over 30' was observed at 178°, he 
inferred that the mineral was monoclinic. 

When cleavage plates of some varieties of mica are examined by reflected or 
transmitted light, in certain directions, peculiar statlike light-rays appear. The 
phenomenon is called asterism, and it is also exhibited by other minerals—e.j. the 
sapphire, quartz, chrysotilc, satin spar, etc. G. H. Volger suggested that in the 
case of the sapphire the asterism is produced by repeated lamellary twinning, and 
G. Tschermak, by minute interstices arranged parallel to the sides of the hexagonal 
prism. With mica the asterism may be produced by inclusions between the lamina; 
of numerous minute crystals whose axes are oriented at an angle approximately 60° 
to one another, and which were supposed by G. Rose to be mica, but were shown by 
6. Tschermak to be rutile. H. S. de Schmid found asterism was also produced 
in muscovite hy regularly arranged hair-hke tourmaline needles; he also said that 
the effect may be produced by very .fine striations— e.g. polysynthetic twinning; 
minute fractures by a distortion of the crystals ; inferior cohesion of laminae ; 
interstices; or fibres which go to compose the mineral itself. In some cases there 
is douhle asterism. 

Most varieties of mica are biaxial with a measurable angle, between the optic 
axes, but in some biotites the angle is so small that the crystals appear uniaxial. 
The optic axial angle, 2E, of muscovite, is largo and varies greatly usually ranging 
from ,6()°-70°; that of phlogopite and biotite is small, ranging from 10°-17°. 
J. Grailich found the optic axial angle of muscovite increased as the sp. gr, increased. 
Thus: 

Sp.gr. . 2-602 2-714 2'76r) 2-782 2-790 2-79U 

2/1' . . 65-2" 69 7° 70-6° 71-2° 72-3° 72-0 

The optic axial angle of muscovite was found by 6. Tschermak to vary from 05°- 
69° 12' with red glass; from 60° r2'-68° 54’ with Na-liglit; from 60° 6'-68° 30' 
for green glass; and 67° 54' for blue glass. R. Seliarizer gave for the red 
ray 2E-=74° 00', and for tlie Na-ray 2£-=73° 52'; B. Siliiman found for different 
varietiesof niuscovitc,2fi-=56°20'-76°; H. deSdnarmont,2A' 57°'73°; .T.GraiUch, 
2E-=50° 12'-70° 12'; and M. Bauer, 2i!.-61°- 74° 36'. I'or paragonite, G. 'rschermak 
gave 2A’—70°. Eor Icpidolite, R. Scharizer gave 27i'=57“ 13'- 83° 16' for red glass, 
and 57° 10'-84° for Na-light; ,M. Bauer gave 2A'=32°-36°, and 59° 24'; 
G. 'fseliermak, 2E~1T 10' for red light, 76° 51' for Na-light, and 76° 34' for green 
light; G. Bose, 2£=61°-67°; and J. Grailich, 74°-76° 40'. For zinnwaldite, 
G. Tschermak gave 2B=50° 36' lor red light, 50° 25' for Na-light, and 50° 6' for 
Tl-light. J. Lorenzen gave 67° 13' for Li-light, 67° 19' for Na-light, and 67° 51' 
for Tl-light. For biotite G. Tschermak gave 2E from 6° 10'-12° 22' for red glass, 
6° 24'-12° 48' for Na-light, 9° 24'-13° 18' for Tl-hght, and 8° 18' for green gla-ss. 
For phlogopite, Q. Tschermak gave 2i’=14°-16° 17'; and for anomite, 2£=12° 55' 
for red glass, 12° 40' for Na-light, and 12° 35' for green glass. B. Siliiman 
gave 2iS==7°-18°; J. Grailich, 0°-2° 40'; A. Lacroix, 2E—15°-35°. The optic 
axial angle of phlogopite appears to increase as the proportion of contained 
iron increases. F. Kohlrausch ga,ve for ntascovite, 2F=43° 48-8' for Na-light ; 
M. Bauer gave 40° 21°. A. des Cloikeaux measured the effect of temp, on the 
optic axial angle, and found for different samples 2E—70° 4' at 6 6°, and 68° 56' 
at 166'8°; 69° 44' at 6-6°, and 68° 5' at 158° 8'; and 

6-6” 71-6” 106-6" 125” 146-6* 170-8” 

2*’ . 76° 60' 76° 16' 75“ 68' 75“ 32' 76° 30' 76° 10' 

showing that the optic axial angle becomes smaller with rise of temp. He also 
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found with red light for biotite at 17°, 2£=12°3', and irs' at 171°, 14° 3' at 21'5°, 
and 13° 28' at 181°; etc. T. L. Walker, H. C. Lewis, and K. Toborffy measured 
the optic axial angles of a number of micas. H. Baumhauer called the variety of 
lepidolite with a large optical angle nmcrokpiddite, and the variety with a small 
angle microlepidolUe. A. Johnsen discussed the axial angles of ineroxene. The 
cotrosioil figures of muscovite with hydrofluoric acid were studied by T. H. Hol¬ 
land, Z. ToborSy, H. Baumhauer,and F.^. Wiik; those of lepidolite, by F. J. Wiik; 
those of zinnwaldite, and biotite by H. Baumhauer, and F. J. Wiik. The crys¬ 
tallization of sodium chloride in definite positions on mica was studied by G. Kalb. 

The specific gravities of most of the samples whose analyses have been 
indicated were also measured. In general, the sp. gr. of muscovite ranges from 
2'76-3'00; paragonite, 2 8-2’9; lepidolite, 2'8-2'9; zinnwaldite, 2'82 3'20; 
phlogopite, 2’78-2'85; biotite, 2'7-3'l; and le|)idomc‘lane, 3 0 3 2. .Micas are 
soft minerals ; the, hardness usually ranges from that of gyjisum to tliut of ealcite ; 
they cun be eeadily scratched by iron or steel, and, in some cases, by the finger-nail. 
The granitic micas are usually harilcr. The, hardness ranges from 2-24 with 
muscovite; 2J-4 with lepidolite ; 2J-3 with paragonite, zinnwaldite, phlogopite, 
and biotite; and 3 with lepidomelane. A..Itosiwal made some observations on 
this subject. L. A. Coromilas found the maximum elastic modulus at O' to bo 
22,133 kgrms. per sep mm.; and the minimum value at 45“ to be 15,543 kgrms. 
per sq. mm. L. II. Adams and co-workers found the Compressibility, j3, of phlogo¬ 
pite mica to be 2'34-|-l(r® at 0 megabar press., 2'27 +11)“® at 20(K) na^gabars, and 
I'hilxltr'at 10,(S10 megabars ; or/3---0'0527()-0'0]o348(p—po). Although mioii 
is such a soft mineral, the ba.sal ch.-avage into smooth tough laminao makes the 
grinding of mica to powder a difhoilt o|)i‘ration. 'The subject has been discussed 
by H. J. Hannover, .1. Ke<‘th, and A. .lohnsen. E. Grilliths and G, W. (!. Kaye 
gave (|■(K)1()-O-tKlU for the thermal conductivity of mica at 150 ’ and under a prc.s8. 
of 120 lbs, per .sq. in. H. t'. Michell used scrap mica as a covering for steam pipc‘8, 
boilers, etc. The effect is not due so mueh to the non-conductivity of filie mica 
itself as to the numerous air-space.s in the lagging. F. Girkel di’scribes tests which 
show that with a bare .steam-pipe, 75 ]H‘r wnt. of the loss of steam by condensation 
in the pipes can be saved by lagging tlie surfaces of the pipes, and 90 per cent, was 
saved by using a mica insulation ; and also te.sts on the mica insulation of boilers 
which confirm these rc-.sults. There is a saving of about 9(1 per cent, of the heat 
radiated from a bare boiler, and the I'lliciency is nearly twice as great as insulation 
by magiie.sia blocks. S. L. Brown mi'a.sured the variation of the diathermancy 
of inira with tenqi. 

P. Braeseo found the expansion of niha to be regular up to 9(X)'’. J. Joly 
found the specific heat of muscovite to be 0’2049 between 12'4° and 1(X)° ; lepidolite, 
()’2097 ; and biotite, 0'2057. According to C. Uoelter, when muscovite is fused, 
it breaks up into leucite glass and a substance resembling nephclite; lepidolite 
behaves in a similar manner. J. Morozewicz said that he found silliiuauiti- and 
corundum among the products of the fusion of mica. The change may be symbolized: 
KH2AlsSi3()i2=KAlSi206+Al2Si0jH.dT. According to A. Brun, the dehydration 
of powdered miea commences in a vacuum at 98° and proceeds regularly; at 360", 
one-quarter of the water is lost in the case of white micas, and four-ninths with 
black micas. Plates of mica were completfly dehydrated when heated for half an 
hour at 830", or for ten to twelve days at 510°-640°. The material sullered no 
change in its optical properties, but, .owing to the liberation of gas between the 
lamella;, the plates became opaque (this, howciflu, could be avoided by heating in a 
vacuum under certain conditions). The quantity of hydrogen liberated detsmded 
on the rate of heating, le.ss being obtained when the material is heated very slowly. 
The water was assumed to exist in the micas in a state of solid soln. According to 
C. Doclter, biotite does not yield leucite when fused, but breaks up into olivine 
and spinel. H. Biickstrom obtained olivine, leucite, a little spinel, and a glass 
among the products obtained by fusing biotite. 'There is therefori; no melting 
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point in the strict sense of the term. C. Doelter found samples of biotite which 
were molten between 1145° and 1240°; meroxene was molten between 1356° 
and 1370°; anomite, 1325-1395°; lepidomelane, 1]50°-1170°; and phlogopite, 
1270°-13.30°. G. Tammann and C. F. Grevemeyer found that mica forms a 
sparingly soluble potassium aluminosilicate when heated to 1000°. The fluxing 
of mica with clays and related materials has been examined by B. Bieke, B. T. Stull, 
and H. Bies. The softening temperatuiee of mixtures of muscovite and orthoclase 
were determined by A. S. Watts; and of mixtures of china clay and muscovite by 
B. Bieke. 

The index of refraction varies considerably for each kind of mica. That 
of muscovite was found by M. Bauer, C. Viola, B. Hecht, B. Scharizer, etc. 
F. Kohlraiisch gave for Na-light,o=T5609,;8—l'5941, andy=l’5997 ; A. Matthies- 
sen, a =1-5692, ^=1C049, and y=l-6117 ; and C. Pulfrich, a=l-5601, jS=l-6936, 
and y=-l-5997. The last-named found for Li-light, a=l-6666, j3=l-5899, and 
y = 1 -5943; and for Tl-light, o=l'5635,|3 •= 1 '5967, and y —1 -6005. B. Scharizer gave 
for lepidolite, j3=l-6975 and y=l'6047 ; but B. Hecht doubted if these values were 
accurate, A. Michel-Levy and A. Lacroix gave for phlogopite, a=1-562, /3=l-606. 
H. Bosenbusch and E. A. Wulfing found the index of refraction of biotite increased 
with the iron content. G. Linck found a=l-504, |3=l-589, and y=l-589. 
F. Kohlraiisch, and K. Zimanyi obtained values for a ranging from 1-5412-1-686, 
and for y, from 1-5745-1-6032. The birefringence is strong for all kinds of mica ; 
that of muscovite is y—o=0-0392, y—^=0-(K)61, and p—a=0-0338; that of 
lepidolite is large and negative ; and that of biotite y—j3 is almost zero ; and y—a, 
increasing with the percentage of iron, attains to 0-06. Mica in general is optically 
negative. The optical properties of mica were also described by S. Tsuboi, 
F. W. Clark and W. F, Hunt, H. Backlund, A. Laitakari, etc. J. Chaudier found 
the, electric birefringence of mica particles suspended in water to be, 0-40, and the 
optical birefringence, 0-04. F. N. Ghosh investigated the laminar dillraclion of 
mica ; and (I. F. Meyer and D. W. Bronk, the ultra-red spectrum. 

The pleochroism of biotite is very strong especially with the deeper coloured 
varieties. This has been studied by K. Toborlfy,!’ G. Tsehermak, G. Flink, and 
A. Lacroix. Muscovite is not generally pleochroie, although M. Bauer found some 
varieties are, pleochroie, and F. Cornu observed the phenomenon with the chrom- 
iferous muscovite, fuchsite. Brown micas, cordierite, and some other minerals have 
a-rtain small circular spots when viewed in section. The spots are called pleochioic 
haloes. These haloes arc invariably a.S8oe,iated with a minute, centrally-jilaced 
crystal of zircon or apatite. The medium in which the halo occurs with biotite is 
pleochroie, but the pleochroie properties are intensified in the halo. The halo dis¬ 
appears when the mineral is heated, hence it was once thought to be, produced by 
organic matter; but the haloes are really spherical, and it is doubtful if the diffusion 
of colouring matter would proceed at an equal rate across and along the cleavage of a 
mineral like mica. J. Joly showed that there is an exact correspondence between 
the radius of the halo and the distance which the a-part,icles of radium would pene¬ 
trate before the ionizing properties would disappear. The maximum diameter of 
the haloes is0-05 mm.; the average 0-04 mm. Hence, J. Joly infers that the halo 
is produced by the radioactivity of a central radioactive substance. This is con¬ 
firmed by 0. MUgge, and G. Hovermann. M. Weber examined the effect of the 
pleochroie haloes of mica and cordierite on zircon. 

W. W. Coblentz found that the altra>ieiil transmission spectrum of the micas 
showed no deep wide absorption bands at 3/i, characteristic of hydroxyl groups. 
Muscovite gave a deep narrow bmid at 2-85ja, and smaller bands at 19, 3 6, 5-6, 
5-9, 6-3, and 71/t; while biotite has small bands at 2 8, 5-9, 6 2, and 6-7/i, and 
indications of bands at 5-6 and 7-8/z. It has also one in the visible spectrum. 
Both micas have an opaque region from 9-llfr, a transparent region at 12 / 1 , and 
again complete opacity. The spectrum energy curves were studied by E. F. Nichols 
and W. W. Coblentz, and G. W. Stewart. Metallic reflection bands were found 
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by H. Rubeas and E. F. Nichols at 8-32,9-38,18'40, and 21'25/i, so that the bands 
located by reflection and transmission do not coincide. W. W. Coblentz found 
reflection bands in the ultra-ied leflectioD spectrum of muscovite at 9 2, 9-7, and 
lO'2/i. H. Rosenthal also failed to observe a reflection band at 8'32. W. W. Coblentz 
found maxima with biotite at 9'3, 9 6, and 9’85/z. The reflecting power of the 
micas is comparable with that of the silicates. The positions of the maxima are 
variable, presumably owing to variations hi the composition of the mineral. P. Ites, 
and J. Konigsberger studied the relation between the absorption of light and the 
colour of biotite. L. C. Martin, and S. L. Hrown measured the transparency of 
biotite for the nltra-red rays. The. flame spectra of micas were studied by 
W. Vernadsky and B. A. Lindener; and the grating spectrum by B. Davis and 
H. M. Terrill. 

W. Vernadsky found muscovite and biotite to exhibit triboluminescence. 

C. Dociter found radium radiations have no action on muscovite, and they do not 
make biotite luminesce, t!. Doelter also said that muscovite and biotite are not 
very transparent to X-rays, but thin layers U',’) mm. t lock an’ tran.sparcnt; Singale.se 
biotite was alino.st opa(|ue ; and a very ferniginous lilack biotite was oiiaipu'. The 
ratio of the transparency of phlogopite to that of tinfoil wn.s as 1 :20 when the 
ratio with the diamond is as 1: 3(X) or as 1 : 125. Biotite is not radioactive when 
free from radioactive impurities. 

J. Curie found the electrical conductivity increased with the teinj). C. Doelter ‘ 
obtained a very small value for the conductivity at 1 1(KI“, but it increased in value 
bi'vond this temp. The conductivity at 12(Xt“ is small but measurabh'. Henc(>, 
mica is a good insulator at temp, below lllK)''. W. 11. Bc.hultze found that sheets of 
mica split along the plane of cleavage resemble glass in improving in conductivity 
as the temp, rises, and also in a maximum conduiitivity being obtained at about 
.VxC, after which further increa.se in the temp. cau8i‘S a diminution in conductivity. 
Mica is a better insulator than glass. .Measurements of the electrical conductivity 
were made by H. 11. Poole, and E. Braidy. A. L. Williams and J. (!. McLennan, 
and K, R. Ramanathan measured the resistance of fused mixtures of mica anil 


copper or iron. E. Wilson studied the magnetic susoi'ptibility. E. and W. 11. Wilson 
and T. Mitchell found the sp. resistance varied from l)'44 -133()xKr ohms jier 
cm. cube. The electricid resistance of mic,a has been studied by (1. N. Rood. 
A. Klautz.sch found the sp. resistance of a number of samples to vary from 7<X)- 
12IKI megohms—one .sample had a sp. resistance of .'!8(l megohms. The breakdown 
voltage of jilates from (|■12-0■25 mm. in thickness varied from 1(I,(XXK18,(KKI volts. 

E. Bouty founil the dielectric Constant to be 7 !(8-8 13; E. Mattenklodt, 
71-7'7 ; 11. Starke, ,5'Mi'62 . and A. Elsa.ss, 5'66 -.5 97. The diflerent micas 
have diflerent values, jiarticularly those witli a varying proportion of water. 
E. Mattenklodt found the value to be independent of the field strength, and of the 
temp.—at least the temp, coell. is less than 0'(KXXX).33. .1. Curie obtained 8 0 for 
the dielectric constant of musco¬ 


vite perpimdicular to a cleavage 
surface. E. and W. H. Wdlson and 
T. Mitchell measured the dielectric 
strength of different micas in terms 
of the difference of potential re¬ 
quired to puncture a given speci¬ 
men when surrounded by air ; this 
constant is a function of the shape, 
relative size, distance apart, and 
nature of the electrodes. Some 
results for (1) Bengal ruby mica. 
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Flo. 131.- Dicloetric Strength of Mica of Varying 
Thickness. 


(2) Canadian amber mica, and 


(3) Madras green spotted mica of different thicknesses, are shown in Fig. 134. 


They found that the specific inductive capacity of .some samples of mica varied 
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point in the strict sense of the term. C, Doeltcr found samples of biotite which 
were molten between 1145° and 1240°; meroxene was molten between 1356° 
and 1370°; anomite, 1325°-1395°; lepidoinelane, 1150°-1170°; and phlogopite, 
1270°-1330°. G. Tanunann and C. P. Grevemeyer found that mica forms a 
sparingly soluble potassium aluminosilicate when heated to 1000°. The fluxing 
of mica with clays and related materials has been examined by R. Rieke, R. T. Stull, 
and H. Hies. The softening temperatures of mixtures of muscovite and orthoclase 
were determined by A. S. Watts; and of mixtures o,f china clay and muscovite by 
R. Rieke. 

The index of retraction varies considerably for each kind of mica. That 
of muscovite was found by M. Bauer, C. Viola, B. Hecht, R. Scharizer, etc. 
F. Kohlrausohgave forNa-light, a=-l'5609, ^=T5941, and y=l'5997 ; A. Matthies- 
sen, a=l'5692, ^=1'6049, and y=l-6117 ; and C. Pulfrich, a=1-5601, ^=1-5936, 
andy -1-5997. The last-named found for Li-light, a=l-.56C6, j8-4-5899, and 
y -1 ’5943; and for Tl-light, a=1 '5635,^=1 5967. and y ~1 '6005. R. Scharizer gave 
for lepidolite, ^=1'5975 and y — 1 6047 ; but B. Hecht doubted if these values were 
accurate. A. Michel-Levy and A. Lacroix gave for phlogopite, a=l-562, ^=1-606. 
H. Rosonbusch and E. A. Wiilfing found the index of refraction of biotite increased 
with the iron content. G. Linok found a=l-,504, j3=l'589, and y=l’589. 
F. Kohlrausch, and K. Zimanyi obtained values for a ranging from 1 '5412-1 '586, 
and for y, from 1'5745-1'6032. The birefringence is strong for all kinds of mica ; 
that of muscovite is y~a--0'0392, y—j3-0'0061, and P—a-0'0338; that of 
lepidolite is large and negative ; and that of biotite y is almost zero ; and y—a, 
increasing with the percentage of iron, attains to 0'06. Mica in general is optically 
negative. The optical properties of mica were also described by S. Tsuboi, 
F. W. Clark and W. F. Hunt, H. Backlund, A. Laitakari, etc. J. Chandler found 
the electric birefringence of mica particles suspended in water to bo (l'40, and the 
optical birefringence, 0'04. P. N. Ghosh investigated the laminar diffraction of 
mica ; and C. F. Meyer and D. W. Bronk, the ultra-red spectrum. 

The pleochroism of biotite is very strong especially with the deeper coloured 
varieties. This has been studied by K. Toborlfy,*^ G. Tscliermak, G. Flink, and 
A. Lacroix. Muscovite is not generally pleochroic, although M. Bauer found some 
varieties are pleochroic, and F. Cornu olnserved the phenoinenon with the ehrom- 
iferous muscovite, fuchsite. Brown micas, cordieritc, and some other mineral.s have 
certain small circular spots when viewed in .section. The .spots are called pleochroic 
haloes. These haloes are invariably associated with a minute, centrally-jilaecd 
crystal of zircon or apatite. The medium in which the halo occurs with biotite is 
pleochroic, but the pleochroic properties are intensilied in the halo. The halo dis- 
apjwars ■vihcn the mineral is heated, lienee it was once thought to be produced by 
organic matter ; but the haloes arc really spherical, and it is doubtful if the diffusion 
of colouring matter would proceed at an equal rate across and along the cleavage of a 
mineral like mica. J. Joly showed that there is an exact correspondence between 
the radius of the halo and the distance which the a-part-icles of radium would pene¬ 
trate before the ionizing projierties would disapjiear. The maximum diameter of 
the haloes is (J'Ub riini.; the average 0'04 mm. Hence, J. Joly infers that the halo 
is produced by the radioactivity of a central radioactive substance. This is con- 
ffrmod by 0. Mttgge, and G. Hovermaun. M. Weber examined the effect of the 
pleochroic haloes of mica and cordieritc on zircon. 

W. W. t'oblcniz found that the nltia-red transmission spectmm of the micas 
showed no deep wide absorption bands at 3/i, characteristic of hydroxyl groups. 
Muscovite gave a deep narrow btuid at 2'85ju, and smaller bands at 1'9, 3'6, 5'6, 
5'9, 6'3, and 7'1/r; while biotite has small bands at 2'8, 5'9, 6'2, and 6'7fi, and 
indications of bands at 5’6 and 7-8|u. It has also one in the visible spectrum. 
Both micas have an opaque region from 9-11/i, a transparent region at 12/r, and 
again complete opacity. The spectrum energy curves were, studied by E. F. Nichols 
and W. W. Coblentz, and G. W. Stewart. Metallic reflection bands were found 
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by H. Rubens and B. F. Nichols at 8-32, 9-38,18-40, and 21-25/i, so that the bands 
located by reflection and transmission do not coincide. W. W. Coblentz found 
reflection bands in the ultra-red reflection spectruift of muscovite at 9 2, 9-7, and 
10-2/i. H. Rosenthal also failed to observe a reflection band at 8-32, W. W. Coblentz 
found maxima with biotite at 9-3, 9-6, and 9'85/i. The reflecting power of the 
micas is comparable with that of the silicates. The positions of the maxima are 
variable, presumably owing to variationsrn the composition of the mineral. P. Ites, 
and J. Konigsberger studied ^he relation between the absorption of light and the 
colour of biotite. L. G. Martin, and S. L. Brown measured the transparency of 
biotite for the ultra-red rays. Tlie flame spec^ of micas were studied by 
W. Vernadsky and B. A. Lindener; and the grating spectrum by B. Davis and 
H.M. Terrill. . 

W. Vernadsky found muscoviti! and biotite to exhibit triboluminescence. 
C. Doelter found radium radiations Imve no action on muscovite, and they do not 
make biotite luminesce. (!. Doelter also said that muscovite and biotite are not 
very transparent to X-rays, but thin layersO-f) mm. thick are transparent; Singaleae 
biotite was almost oiiaque ; and a very ferruginous black biotite was opaque. Tlie 
ratio of the transpan-my of plilogopite to that of tinfoil was as 1 :20 when the 
ratio with the diamond is as I : 30() or as 1 : 420. Biotite is not radioactive when 
free from radioactive impurities. 

Curie found the electrical conductivity increased with the temp. C. Dia'lter 
obtained a very small value for the conduetivitv at IKK)”, but it increased m value 
beyond this temp. The conductivity at 12(K)'' is small but measurable. Hence, 
mica is a good insulator at temp, below 1100”. \V. 11. Schultze found that sheets of 
mica split along the plane of cleavage resemble glass in improving in conductivity 
as the temp, rises, and also in a maximum conductivity being obtained at about 
.300”, after which further increa.se in the ti-mp. causes a diminution in conductivity. 
Mica is a better insulator than glass. Measurements of the electriial conduct ivity 
were made by H. H. Poole, and E. Branly. A. B. Williams and J. V. McLennan, 
and K. R. Ramanathan measured the resistance of fused mixtures ol mica and 
copper or iron. B. Wilson .studied the magnetic susceiitibililv. K. and W. 11. Wilson 
and T. Mitchell found the sp. resistance varied from 0 - 44 - 13 . 3 -OXlO"ohms per 
cm. cube, jfhe electrical resistance ol mica has been studied by 0. N. Rood. 
A. Klautzskh found the sp. resistance of a number of samples to vary from 7(K)- 
12(K) megohms—one sample had a sp. resi.stance of .'180 megolims. The breakdown 
voltagi’ of plates from 0-12-0-2.5 mm. in thickness varied from 10,0(K)-liS,0(K) volts. 

E. Bouty found the dielectric constant to be 7'9.S*8'13; E. Matteiiklodt, 
7'l-7'7 ; II. Starke, 5-8- « t)2. and A Elsas.s 5'6«-5 97. The different micas 
have different values, particularly tlmse with a varying proportion of water. 
E. Mattenklodt found the value to be independent of the field strength, and ol the 
temp.—at least the temp, coeff. is less than 0-tKKK)0.33. .1. Curie ohtaineil 8-t) for 
the dielectric constant ol mu.sc.o- 
vite perpendicular to a cleavage 
surface. E. and W. H. Wilson and ^ ^ ^ 

T. Mitchell measured the dielectric is 
strength of different micas in terms a 
of the difference of potential re- S 
quired to puncture a given speci- 
men when surrounded by air ; this a 
constant is a function of the shape, ^ ^ ^ 

relative size, distance apart, and ,, Thickness 

nature of the electrodes. Some p,u jjj . ug-loctric Stirngth of Mica of Varying 
results for (1) Bengal ruby mica, Thickness. 

(2) Canadian amher mica, and 

(3) Madras green spotted mica of different thicknesses, are shown in I'ig. l.%. 
They found that the specific inductive capacity of some samples of mii-a varied 
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from 2'5-6’9 lor thickness ranging from l'22-5 0 mm. This subject has been 
further studied by J. Harden, B. Schott, W. S. Flight, J. R. Weeks, H. H. Poole, 
H. J. MacLeod, D. W. Dye arid L. W. Hartshorn, F. Griinewald, and C. W. Jeffer¬ 
son and A. H. Dyer. The deletierious effects of oil on the insulating properties of 
mica have been discussed by F. Droui. T. 0. Maloney found that a piece of 
mica which withstood 16,(J(X) volts alternating current resisted but 9000 volts after 
the surface had been lightly coated witSi paraffin oil; under similar conditions, 
the breakdown voltage of another sample changed trom 8000 to 4000 volts. Mica 
is accordingly used for interposing between the segments of the commutators of 
dynamos. The amber-mica of Canada, and the lepidolite of India arc used for this 
purpose ; muscovite, with its higher dielectric strength, is not considered so good for 
the purpose on account.of its greater hardness. 

A. Btun 18 found that mica yields carbon dioxide, hydrocarbons, hydrogen, and 
nitrogen when heated—ride supra. I. Langmuir discussed the adsoprtion of gases 
on the surface of mica. According to A. Kenngott, moistened and powdered 
muscovite or biotitc gives an alkaline reaction with litmus; after calcination, the 
reaction is feebler. With many hiotitesthe reaction is very pronounced. E. W. Hoff¬ 
mann made some faulty observations on the action of water on muscovite and 
biotitc. A. Johnstone showed that the micas are hydrated by exposure to the 
action of pure cjvrbonated waters for a year; muscovite appeared to he insoluble. 
T. BiMer-Chatelan found that 0'48 jxt cent, of potash was dissolved from 
muscovite by distilled water; 1'05 .per e.ent. by peat water; 1'02 per cent, 
by a soln. of calcium solphatc ; l'.W jht cent, by a soln. of ammonium 
aulphate; l'7(i jmt cent, by a soln. of calcium h^roxide; 2-21 per cent, 
by a soln. of calcium monophosphate ; and 1-85 per cent, by a one jK‘r 
cent. soln. of citric acid. He also showed that the roots.of some plants can 
assimilate the. pot.a3.sium from white mica in soils. E. C. Sullivan observisl basic 
exchange occurs when muscovite and biotite are triated with a soln. of CUpric 
Slffphatc. A. .Tolmstone found that biotite lost magnesia and iron when treated 
with carbonic acid. F. W. Clarke, and G. Steiger observed distinct evidence of 
dissolution when micas are treated with an aq. soln. of carbon dioxide; and 
C. Matignon and G. Marchal examined the corrosive action of water on mica in the 
presence of carbon dioxide under 10 atm. press, for 3 years. E. Reymond studied 
the action of chlorine and of hydrogen chloride on biotitc and lepidolite. T. Bitder- 
Chatelan found that cold cone, hydrochloric acid contained 2-90 per cent, of 
potash after it had heen_ allowed to stand in contact with muscovite. M. U. Holl- 
nmg, H. Lotz, and A. Breithaujit studied the action of hydrochloric acid on various 
types of biotite. F. Malt found that after a day’s digestion with hydrochloric acid, 
doubly refracting plates of silicic acid were formed ; and with 20 per cent, hydro¬ 
fluoric acid, all the silica was removed and tabular crystals containing aluminium, 
ferric, and magnesium fluorides remained. W. B. Schmidt found that sulphuroua 
acid dissolved some magnesia mica. J. W. Mellor found that an hour’s treatment 
of fine- and coarse-grained mica of the respective average grain-size 0 087 and 0'040 
mm., with sulphuric acid decomposed respectively 54’94 and 55'56 per cent, of 
muscovite ; 67'94 and 70 02 per cent, of lepidolite ; 71'07 and 92 50 per cent, of 
biotite ; and 88'00 and 93'93 per cent, of phlogopite. H. Lotz studied the effect 
of air charged with sulphur dioxide on biotitc and muscovite. C. and G. Friedel 
found that by treatment with aq. reagents— potassium silicate, sodium hydroxide, 
sodium chloride, and sodium StUphate-wnuscovite can be transformed into 
nepholite, sodalite, leucitc, orthoclase,* or anorthite. F. W. Clarke and G. Steiger 
studied the action of ammonium johloride on the magnesia micas. 

Muscovite under ordinary conditions is not readily affected by atm. influences; 
witnew, the felspar of granite may bo completely kaolinized while the mica retains 
its pristine, lustro. On the other hand, biotite, and phlogopite are readily trans¬ 
formed, the alkaline metals are replaced by hydrogen, and the products are. hydrated, 
thus forming more or less indefinite substances called vermiculites and chlorites. 
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The weathering of hiotite and phlogopite baa been studied by G. Tschennak, 
J. D. Dana, C. F. Rammelaberg, G. A. Keimgott, E. Zschimmer, K. D. Glinka, 

F. Rinne, 0. Dreibrodt, H. Rosenbusch, J. R. Blum, W. Haidinger, 0. R. van HUe, 

G. W. Leighton, eto. . • 

Crystals of a mineral from the IHni mine, Aue, Schneeberg, were described by 

C. A. 8. Hofmaim,** and M. H. Klaprotli. It was named pimte by l). L. G. Karslen. The 
alteration products of a number of aluniinosiiii^tos correspond more or less closely in com* 
position to muscovite, and they have been grouped as pinikf. The pinites are considered 
to be a massive compact muscovite mixed v itli more or less clay, etc. Massive amorphous 
pinite with a compact texture ia a part of tho so-called agalmatolitf —from ayoA/jo, an 
image—from China. This name was appliwi by M. H. Klaproth ; ** and C. A. 0. Nopione 
call^ it pagodiie —from pagoda. The Chinef-e carve the soft stone into miniature pagodas, 
images, etc. Part of the Chinese agoliimtohte is a compact pyrophylUte, and part ia a 
steatite. L. J. Igelstrom found at Longbon, Sweden, pseudoiiiorplis of a piniU> after 
iolite ; he named the mineral caia»pfittt —from KuTao7r*Aa(«tv, to spot or stain—in allusion 
to its mode of occurrence. C. U. Shepard found a mineral which lie named dytotytUribUfi 
—from 8wi, bad; and avvrplfiw, to pulverize—at Diana, N.Y. T. S. Hunt moilo aome 
observations on the minerals. J. L. Smith and («. J. Hruali analyzed the tninera). 
Dyssyiitribito resembletl the mineral gimckite, brought by Giesecke from Akullianlsuk 
and Kangerluarsuk, Greenland ; and nuniod by T. Allan, wlio examined tho crystals. It 
occurs associated with felspar. Observations on giesockite were motle by F. Slromoyor, 
L. W. Gilbert, G. C. von Leonhard, H. Kosenbusch, G. J. lirusli, A. Breithaupt, F. Molis, 

E. F. Glocker, C. H. Pfaff, d. H. Blum, C. G. C. Biscliof. A. des Cloizeaux, \V. Phillips, 
etc. A. E. NordenskjOld reportetl a related iniiioral, which ho named gigatUolifc, from 
the size of tho crystals. It occurred in the gneissoid granite of Taminola, I'inland. 
It was discussed by W. Haidinger, M. F. .HeddJo, A. Wichmonn, F. .1. Wiik, 

F. Zirkel, J. C. G. de Marignoc, E. NoitienskjOld, J. H. Blum, and A. Lacroix, 
(ligantohte ia derived from cordiente and resembles the mineral ibe.rite obtained by 
L. F. Svanlx'rg from Montalvan, Spain. Observations on tho mineral were made by 
J. li. Blum, \V. Honlinger, F. Zirkel, A. Wichmann, A. Lacroix, M F. Heildlo, F. .1. Wiik, 
etc. A. F. Thorold dosenbed a mineral which was found m tho talcoso schist at Kimsamo, 
Finland. It was called gongyliter—frvm yoyyuAos, round—and it is a kind of pmite 
A. E. NordenakjOlii mode some observations on this mineral. H. Lnapeyros described a 
pinito-like substance m the felspar at Halle a. d. Stialo; ho colled it kydrophylita —from 
vypos, moist; •f>iXoi, friend. F. Sandborger motlo some observations ou a sample 
from Baden. F. A. Genths kerrilf —named after H. L. Kerr—is a ilecomposition 
product of chlorite from Macon, North Carolina. T. 'I’homson reported a pseudomorph 
after spodumeno at Killony Boy, Ireland. Ho called it hlleniic. It has bwii doscrilieil 
by H. Greg and W. G. Lottsoin, A. Julien, W. Galbmith, C. F. Hammelsborg, Dewey, 
etc. J C. G. de Marignac obtained a pinito-like substance in tho porphyritic felspathio rock 
at Mt. Vicaono, Fleimstliel; he called it lubent'rUe —after L. Lieliener. Observations 
were mode by W Haidinger, J. Oellachor, G. A. Kenngott, C, von Hauer, A. des Cloizeaux, 
J, Leml>erg, J. K. Blum, F. Zirkel, H. Kosenbusch, F. von Kichthofen, J. Hoinemann, etc. 

D. L. G. Karsten found an altered nephelite in the syenite of F?edriksv6m and Laurvik ; 
it was called lylkrodeJi —from Xvdpov, with blood a.od dust; and «r8oj, oppearance—and 
analyzed by J. F. John. J. F. L. Hausinann called it vemeriie. The maconite of F. A. Genth 
is regarded as a variety of joffersonite from Ma<;on* North Carolina, and, like herrite, it 
18 a decomposition proiiuct of chlorite. Tho micarelle of J. C. Froiosleben is a pinite found 
near Stolpen, Neustadt. A. Wichmann said that it is not a pseudomorph after iolite. Several 
dilTerent substances liavo been called micarell or micarelle—K. Kirwan, W. Haidinger, 
J. R. Blum, J. F. Hausmann, H. 1). A Fieinus, B. J. Hauy, A. Estner, A. doa Cloizeaux. 
J. D. Dana, ete. A pinite-liko mineral was found by 0. M. Marx in the OOs Valley, B^Ien, 
and named oosUe. It was also described by J. R. Blum, F. Sandberger, and W. Haidinger. 
A mineral resembling dyssyntribite was found by T. S. Hunt in several parts of C'ena*la; 
he called it paraphUe. Anotlier mineral from Saxony resembling dyssyntribite was called 
pinxtoid, by A. Knop. It was further discussed E. Cohen, C. W. von Giimbell, A. Hilger, 
and J. R. Blum. Reddish raaiwes of a pmite-like substance occurring at 'i'unaberg, Sweden, 
were called by L. h'. Svanberg polyargUe —from noX^s, much; hpyis, sparkle. 'I’he mineral 
was investigated by L. Palmgren, A. des Cloizeaux, and A. Erdmann. According to 
A, dee Cloizeaux, the name pyrrhoUta wosi'appliod ifi a mineral very similar to |)olyttrgite, 
and from the same locality. L. F. Svanberg aWb described a granular red mineral from 
Aker in Shdennonland ; it was called ressile. G. Hose regarded it as an altered anorthite 
F. W. ('larke gave it the formula H(M^)H)|=Si 04 —Ala»{ 8 i 04 «»(A 10 H)Hlj+ 2 H ,0 
The mineral named tereriU by E. Emmons is a pinitodike substance which has been likened 
to scapotite. T. 8. Hunt’s vnhontle from Bathurst, Canada, was considered to bo a variety 
of gieseckite; but K. J. Chapman found it closely resembled scapolite. Several alteration 
products of biotite are indicated 19 connection with the varieties of biotite. 

The uses of inica.—E. A. Miera 21 described the use of fuschsite as a decorative 



620 INORGANIC AND THEORETICAL CHEMISTRY 


stone by the ancients; and M. Bauer, its use in making prehistoric implements in 
Guatemala. The most important use of mica is in the electrical industry as an 
insulator. It is one of the best of insulators because of its resistance to puncture, 
pre-rcsisting qualities, impermeability to moisture, toughness, elasticity, and 
flexibility; and its cleavage into thin sheets. It is largely used for insulating the 
segments of commutators, armature wires and bars, etc. Scrap mica is made into 
sheets, plates, and boards by means of a«uitable bonding agent—say, shellac—and 
under the commercial name mtco»ii(c,is used for malting washers, etc.,for insulating 
lamp-sockets, fuse-blocks, cut-out boxes, etc. Sheet mica is used for lanterns and 
windows where glass docs not withstand the shocks and vibrations; for spectacles 
to protect the eyes of metal and stone workers from chips, etc. It is also used in 
place of glass where abrupt changes of temp, would be liable to crack glass—e.g. 
fire-screens, stove windows, lamp-chimneys, and some miners’ lamps. Special 
sparking plugs for aeroplanes, etc., are built up from sheet mica. It is employed 
as a heat insulator in the lagging of steam-pipes, boilers, etc. It is used as a sound¬ 
ing-diaphragm in telephones, gramophones, etc. It is used as an absorbent for 
nitroglyceroi; and as a heavy lubricant. Mica is used in making wull-papcr pig¬ 
ments ; and various ornamental piir|)oses - a mixture of gum arabic and ground 
white mica makes the so-called siltrr ink ; and it is employed for inlaying buttons, 
in piaking lustrous hair-powder, and in making the btonze-like colours which bear 
the name brocades, cryslal colours, micu-brnmcis, etc..; and in making frosted effects 
in decoration. 

K. C. Fielder described a mineral from the Urals as a chlorite spar, from its 
resemblance to chlorite; G. Rose, and A. Breithaupt called it chloritoid ; 

E. F. Glockcr, iMrylophijllde —from Pali's, heavy ; and (faiAXoc, a leaf; 0. T. Jackson 
appli(!d the term masoiule in honour of 0. Mason—to a dark greyish-green mineral 
from Rhode Island, which M. R. Whitney, and G. A.Kenngott proved to be identical 
with chloritoid. A. E. Delcssc named a mineral from St. Marcel, Zermatt, and 
Piedmont sismondinc-ia honour of A. Sismonda -and hence called sismondite. 
A. Brezina reported a mineral from St. Marcel which he called struverite —named in 
honour of G. Striive.r. G. Tschermak showed that struverite and sismondite are 
identical; J. F. L. Hausmann, that sismondite is closely related to chloritoid; and 

F. von Kobell, that sismondite, masonite, and chloritoid are the same mineral 
species. T. Thomson described a mineral from Sterling, Mass., and called it phyllite; 
it had previously been called spangled mica slate by E. Hitchcock. A similar 
mineral from Newport, Rhode [sland, was called newportile by C. U, Shepard. 
In 1821, C. C. von Leonhard mentioned a mineral brought from Ottrez, Ardennes; 
it was described by A. des Cloizeaux and A. Damour, and named otlrebte. This 
mineral was mentioned by R. ,1. Haiiy. The resemblances between phyllite, 
ottrelite, and chloritoid were emphasized by T. S. Hunt, J. D. Dana, A. des Cloi 
zoaux, G, Tschermak, and A. Lacroix. A manganiferous variety was called 
sdlmite by E. Prost; a variety from Venasqne, Pyrenees, was called venasquite, 
by A. Damour; and a variety from Schmalenberg w'as called brunsvigile, by 
J. Fromme. 

Attempts to devise formulie from chemical analyses were made by 
C. F. Rammelsbcrg. C. Element gave H2(Fc,Mn,Mg)(Al,Fe)2Si20o; and P. Groth 
gave H 2 (Fe,Mg)Al 2 Si 07 for chloritoid', and H 2 (Fe,Mn)(Al,Fe) 2 Si 208 for ottrelite. 
The subject was discussed by E. Manasse, and P. Niggli. G. Tschermak regarded 
the minerals as isomorphous mixtures of *,wo silicates. F. W. Clarke co-relates 
the constitution of chloritoid to xaiftkophylbtc and seybertite through the formulse; 


.SiO.sH.jAllOH),}’ 

Al;-Si0,s:H(A10H) 

^Si0,=(A10,Fe), 

Chloritoid. 

This makes idealized chloritoid a 


/Si,0,^H.|Al(0H)2[ 

Al(Si,0,sH(A10H) 

^Si,0,=(A102Fe), 

Ottrelite. 

los pentaluminoxy-alaniinotriortho* 
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dlicate, and idealized ottrelitc a Ibiroos iientalniiimoxy-4duiiimotriines(>triiiU(^ 

The manganese oxide in ottrelitc varies from 0-9 per cent. The colour of these 
minerals is dark grey, or greenish-black. The crystals'of chloritoid occur in rosettes, 
or foliated masses. The tabular cr)’8tal3 of chloritoid rarely occur distinct; they 
are either monoclinic or triclinic; they have been'investigated by G. Tschermak, 
F. Beckc, H. von Foullon, A. Barrois, and A. des Cloizeaux. Ottrelite also furnishes 
either monoclinic or triclinic crystals, whi(4i have been st udied by A. des Cloizeaux, 
A. Rcnard and 0. L. J. X. de la Vallee-Pou-ssin, H. Rosenbusch, and A. Lacroix. 
The basal cleavage is less perfect than is the case with the micas ; the lamina' are 
brittle. Twinning is as common as with the mieas; the crystals are oriented as 
though rotated 120° to one another. A zonal structure is sometimes developed; and 
inclusions are common. The optic axial angle of chloritoid is 21'- ■l,')°-55°, accord¬ 
ing to A. Barrois, and 2i?—G5°-70°, according to A. von Lasiiulx. A. des ('loizeaux 
found for different samples of sismonditc, 2H- 64° .'il' 74° 6' for red glass, and 
57°-65° 38'for green glass; and2£--lir50'- U7°48' tor red glass, and 10,'1‘ 40'- 
108° 44' for green glass. The values for ottrelite vary considerably from sample 
to sample. 'The sp. gr. is 3'53-3'50 ; and the hardness 5-6. H. Rosenbusch found 
the index of refraction is high, about 1 '78—A. Lacroix gave 1 ’78; A. 0. Lane, L75; 
and A, Duparc and L. Mrazee, 1'77. The birefringence is feeble. A. Lacroix gave 
y—a=0'015. Chloritoid and ottrelite are optically ])03itive. W. W. Coblentz 
found chloritoid to be. rather opaque to the ultra-red rays : in the ultra-red trans¬ 
mission s|)ectrum the water-bands 1 Oft and 3ft are absent; while there are small 
bands at 2 3ft, 2'6ft,3'.3ft,5ft,6ft, and O'.'tft. The pleoehroism of chloritoid is strong, 
«--;yellowish green ; b, indigo-blue ; c, olive-green. 'The pleoehroism of ottrelite, 
said A. des Cloizeaux, is not so marked as with chloritoid. Finely powdered 
chloritoid is decom|io.sed by sulphuric, nitric, and hydrochloric acids with the 
sejiaration of gelatinous silica. 

'The term chloiite is a family name for a grouj) of minerals closely related to the 
micas ; they are more basic and more hydrated than the micas, and virtually free 
from alkalies. If alkalies are present, the chlorite is assumed to be mixed with 
some mica. The name -from x^u/uls, green enqihasizes the green colour so conuiion 
with these minerals. I’liny, in his lliskiria imlurahs (37. ■56), refers to the grass- 
gri-eii clilorilis. A. G. Werner-^ ap|ilied the term hhilmja chlorile, or chlorilcs 
fiiHief/o.sus, to a hexagonal mineral from St. (iothard. B.L, (i. Karsten, L. A.Emmer- 
liiig, and A. Estiier described several different kinds of lamellar chlorites. The 
minerals were analyzed by .1, U. A. Hopfiier, l>. N, Vauquelin, and W. A. Lampadius. 
'Ihe minerals were regarded by R..]. flaiiy, C. C. von Lcoifhurd, and A. Cronstedt 
as varieles dr I’espav laic; but F. von Kobell showed that chlorite contains too much 
water for a tale. He further found that the chlorites then known were varieties of 
two species—one, chlonle, contained 25-27 per cent, of .silica, and was typified by 
that from St. Gothard ; and the other, ripulolite—lrom (im's, a fan ; and Ai'ftw, a 
stone, ill allusion to its occurrence in fan-like aggregates—-contained 3l)-33 per 
cent, of silica, and was typified by that from Achniatovsk. G. Rose unfortunately 
reversed these terms, and introduced some confusion in the nomenclature. 
J. 1). Dana suggested keeping the term chlorite for the whole family; calling the 
original chlorite prorhlorilc from t/jiI, before; dropping the equivocal term ripi- 
dolitc, and using clinochlore in its place - Kku tfi', to inclincT-iii allusion to the unequal 
inclination of two of the optic axes to the principal axis. The latter tenri had 
been applied by W. P. Blake to a chloi;itic mineral from Westchester, Penn., which 
W. J, Craw proved to be identical with the chlprfte from Achmatovsk. This subject 
was discussed by N. von Kokscharolf, and F. Hessenberg. J. Orcel proposed to 
call the ferruginous prochloritcs ripodolilee when the ratio MgO: FeO is 3 or less, 
and the birefringence is O’OOOl-O OOS; and the magnesian prochlorites groefeades 
when the ratio MgO: FeO is about 10, and the birefringence is about 0 01. 

The chlorites are hydrated magnesium or ferrous aluminosilicates or fcrrisilicatos. 
They resemble the micas crystaffographically, and in their scaly or foliated habit. 
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Each member of the series exhibits some variafion in composition. Hence, like 
the ferromagnesian micas, they are often regarded as isomorphous mixtures. In 
his memoir: Die CMoriigruppe (Wien, 1891), G. Tschermak called those chlorites 
which ordinarily occur in distinct crystals or plates, orthochhrites ; and those 
which commonly occur in fine' scales, or indistinctly fibrous forms, leptochlorites. 
According to K. Dalmer, the orthochlorites lose part of their water at 550°-570°, 
and part at bright redness; while the Jeptochlorites lose part at 440°-6(X)°, and 
part at Hence he argued that the intrinsic nature of the two scries is 

different. The following lists include most of the chlorites which have received a 
name; but too much reliance must not be placed on the classification since too 
little is known about some of them. A list of unclassed chlorites is also appended. 
The summaries of the analyses represented by the formulae are mainly due to 
G. Tschermak. 

Orthochlorites. —The ordinary variety of clinochlore, H 8 (Mg,Fe) 5 AljSi 30 jg, w green 
or bluisli green, and it occurs in crystals, massive and foliat^. AnfUyses were made by 
(j. Tschermak,*® V. Iskyul, and others. V. Iskyul examined the action of hydrochloric 
acid on the mineral. A. Hamberg obtained a sample from Pajsberg, Sweden, with 2*3 per 
cent, of MnO ; he called it mangamcklorite. von Jeffreinofl ** named a variety of clino- 
chlorofrom Zlatoust, Ural, leucfUenbergit^—aft^ir N. von Eseuchtenberg—which may be white, 
pale-green, or yellowish. Analyses wore made by N. von Leuchtenberg, etc. The crystals 
wore examined by 0. A. Kenngott, F. C. Calkins, E. V. Shannon, and A. des Cloizeaux. 
V. Iskyul examined the action of hydrochloric acid on the mineral. N. von Kokscharoff ** 
named a variety ot clinochlore from Ufaleisk, Ural, kotschuheite —after P. A. von Kochubei. 
Analyses wore made by N. von Leuchtenberg, etc. A chlorite from the Pennine Alps 
was called pennine—pennmite —by J. Frbbol and E. Schwoizor.** L. A. Necker called it 
hydrotalc. The ciystals were described by J. C. G. de Marignac; the effect of temp, on 
the pleochroism, by 0. Nagaoka; and the action of hydrochloric acid, by V. Iskyul. 
Analyses were made by G. Tschermak, etc. A reddish chromiferous variety of penninite 
occurring near Miask, Ural, was called by N. von Nordenskjold,** kamtnerente —after 
A. Kiimnieror. Analyses wore made by K. Hermann, etc. F. Tucau represented the 
composition by ((’r,AI)jSi|(),,Mg 3 Hio. A variety obtained by K. G. Fiedler, from Tenos, 
Gnjoee, and by G. Rose from l-ho Ural, was called rhodochrome^hom po^ov, rose; and 
colour. V. Iskyul found it to be related to tlio motasilicatos. A variety from 
Texas, otf^, was called chromochiorile by U. Hermann, and rhodophyllite —from p6hov, 
rose; and <fvXXov, a loaf—by F. A. Genth. E. V. Shannon also described a chroin- 
iforous chlorite. F. Poarse foimd a green variety of kaminererite at Te.xas which ho 
named (jrastite —from ypatnii, grass. H. Vogelsang propo.sod the general term viridite 
for all the intermediate green compounds of secondary origin observed in rocks, and 
it may include different chlorites and serpentine. The viridite.s wcie diseus-sed by 
E. Dathe, and H. Hosonbiisch, G. A. Kenngott described n compact massive form of 
penninite from Berg Zdjar, Moravia, which ho named putudopUe —i//cy8o<r, false; ophUe, 
sei’iwntine—on accoimt of its rosomhlanco to serpentine. Analyses wore made by 
G. A. Kenngott, L. van Werweko, H. Stadlinger, K. von Drasohe, W. E. Gintl, E. Cohen, 
etc. Analogous substances were described by V. Waitha, and V. von Zepharovich, 
T. S. Hunt’s loijanite is very like pseuuopite. A. G. Werner described a blue talc or mxca 
chlorite which was shown by T. Scheerer to be a blulHh-gfcoa or green penninite like that 
he obtained from Taberg, Sweden, and called tcdicrgiic. A. des Cloizeaux studied the 
crystals, and G. Tschermak analyzed the mineral which he regarded os a mixture of 
phlogopite and clinochlore. V. Iskyul studied the action of hydrochloric acid on the 
mineral. 

The prochlorUc, H 4 Q(Fe,Mg) 33 Ali 4 Sij 3 O 30 , of J. 1). Dana,** and the chlorito of earlier 
observers was analyzed by A. J. Egger, etc. V. Iskyul studied the action of hydrochloric 
acid on proohlorite. G. H. 0. Volger ** described a prochlorite in slender vermiform 
crystals, hence the name helmirUhe —from «A/x4v, a worm. M. Websky found crystals 
of a mineriil which he called grochauiie in cavities in the serpentme of Gro<;hau, Silesia. ‘ It 
was studied by M. Bock; and shown by G. Tschermak to l^ prochlorite. C. U. Shepard’s 
hpidocMoritc —from AcjtIs, a scale -is an impure chlorito from Mount Pisgali, Tennessee. 
A. Breithaupt’s lophoiU—ivQTa X6(f>os, a cook’s ^oomb—a name applied in allusion to the 
form of tho (crystal aggregates, is considered to bo a chlorite; a similar remark applies 
to his (mkoUe or ongoite —from oyxda*, swollen. Q. W. von Gumbel’s phyUochlorile is a 
forruginoua chlorito. Both kerrite, and macemUe previously cited are sometimes classed 
with these chlorites. 1. Lea described under the name pattersonite a micaceous chlorite 
from Unionville, Pennsylvania, which was analyzed by S. P. Sharpies and F. A. Gentk 
According to M. F. Heddle, tho talc-chlorite of J. C. Q. de Marignac is a mixture of clinochlore 
and talc. The crystals were examined by A. des Cloizeaux. 

R V. Shannon and E. T. Wherry ** class colerainite and eheridanite as white cJilorilu. 
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The former was reported by E. M. Pditevin and R. V. D. Graham in minute hexagona! orystaU 
with the composition 4M^.Al|0,.2Si0|.5Ht0; the sp. gr. was 2'44-2‘51; the iianiness, 
2^3; the optica! character was positive; and tine refractive index It occurs in the 
asbestos mines of Quebec. Sheridanite was found by J. E.^WolfI in Sheridan Co., Wyoming, 
as a pale silvery green talO'like mineral with a composition H«Mg|Al|Bi|0||. Very little 
water is expelled at 350'^. The refractive indices are a»l’580; ^«r580~l*68l; and 
y=l'589; the optical axial angle ; and the optical character is positive. The 

mineral Is slowly decomposed by boiling sulphuric acid, and with difficulty by hydrochloric 
acid. • 

C. U. Shepard** applidti the term comndophilite, H|«(Mg,Fe)„AljSi|04,—from 
a friend—to a ciilorito occurring in the corundum of Asheville, North Carolina. J. 1*. Cooke 
showed it to be a variety of clinoclilore. It was aualyztsl by K. Visani, and E. V. Sliannon. 
V. Iskyul studied the action of hydrochloric acid on the mineral. U. Shepard found a 
chlorite in the diasporo at Chester, Mass., wliich he called ame^fite. It was analyzed by 

E. V. Shannon, F. Pisani, G. Ponte, and G. Tschemiak; and sliown by G. A* Kenn« 
gott to be a chlorite. G. Tschermak represented its con)])c).si(ion by the formula: 
H4(Mg,Fe)jAljSiO,; E. V. Shannon, by 2(Fo,Mg)O.Al20s.Sit>/2H*(). The optical pro- 
I)ertios were studied by E. V. Shannon 

LeptOChlorltes. —G. Tschermak •• found lamellar crystals of a chlorite associated with 
the arsenical pyrites and quartz of Penzance, Cornwall. He called it daphnUty 
H(4Fe,fAltoSii|()ii4—from ha^vlit the bay-berry—in allusion to the aggregation of the 
crystals. The crystals are probably inonwlmic. E. Gueymani referred to mine de fw 
oxydi en grauM agglutin^if, and P. Worthier lo wiincmi de fer grains, which ho iiamod 
clMmoisitc from tlie locality, Chamoson, Switzerlaml, whem it occurred. H. Studer altered 
the name to chimosUe. P. Borthior found that the iron ore at Hayangos, Moselle, con¬ 
tained calcium and ferrous carbonates and a silicate. The silicate was named birllnerinr 
by F. S. J3eudttnt. J. J. N. Huot called the oolith; ohloritee dosoribod by E. lo Pouillon 
de Boblayc, bamhte., or baralite ; and P. A. Dufrt^noy proposed to designate all these related 
sulistances by the term ("hamoMde. Analyses, etc., wore made by E. Horieky, H. Loretz, 
C. Solimidt, J. Orcol, etc. Those minerals were supposed to bo mixed liydrogels of alumina, 
silica, and ferric oxide,•• together with some impurities. G. Tschermak •• described aggre¬ 
gates of lamellar crystals from Elbingerodo, Harz, which he named viHachUtnie. Himilar 
erystalfl had boon previously noted by C. List, and G. Sillem. C. Klemeiit doscribod a 
chlorite from Violsalm, Belgium, which (L Tschermak named klenmUite.. A. von Lasaulx 
roportcsl a blue earthy mineral from the Pyrenctw which lie culled ac.riniie. Its sp. gr. was 
3'018, and hardness 3-4. A. dosCloizeaux showwl it to be heterogeneous and not to bo re- 
ganled as a delinite mineral. Analyses were mmlo by C. F. Hainmolsberg, iT. Moepherson, and 
J, Orccl The last-named studied a mineral he alsrj called aerinite fiom ('assorras, Aragon; 
its composition wo-s i r>(!ttO.(Fe,Mg)O.2(AI,Fe)jO3.0SiO2.7H4<)4-3Hi(); and he mgardod 
It as anew type of leptiK-hlonte. A. Broithaupt ** described aconipoct aggregate of minute 
scales of a chlorite from Saafeld, Thuringia, which ho named IhuringUe, H,,Fe|(Al,Fo)„Sig04|, 
and apparently the same mineral from Harper's Ferry, Virginia, was named by 

F. A. Gonth oMcm/c -after J). 1>. Owen. Analyses were reported by 0. Tschermak, 

L. Klavikova and F. Slavik, J. \j. Smith, P. Keyser. V. von Zepharoviteli, S. L. Pentiold 
and F. L. Sperry, JL Lcirotz, E. S Larsen and (L Steiger, etc. The last-named found for 
the indices of refraction a=2L595, j3=l (Jl, and y*»L05. i'. Simmonds found that the 

reduction of thuringito is complete when Iieatcwl to redness in hydrogen. F. Kretschmer •• 
obtained a chloritic mineral, resembling thunngite, from Oobitschau, Moravia, and ho called 
it Its composition approximated li4Fo2^Al,Fe)4Si,()24. Its sp. gr. was 2-38, 

and hardness 3f). Jt was decomposeil by hydrochloric acid with the separation of 
gelatinous mlica. AcconJing to L. Slavikova and F. Slavik, the refractive index is 1*015. 
J. Steinman deecril)od a chloritic mineral from Pribram, Bohemia, which was named 
cronstedldr., HjfFe.MgljFejSijUi,—after A. Cronstedt. Crystals were examined by 
V. von Zepharoviteli, N. S. Maskelyne, (L Tschermak, and A. des CToizeaux; and analyses 
were made by .f. Steinman, A. Damour, C. W. Hoadloy, R. KOclilin, J. V. Janovsky, 

G. Tschermak, G. Vrba, F'. Field, N. S. Maskelyne, etc. C. Simmonds found reduction is 
complete when the mineral is heated to redness in hydrogen. A. Broithaupt celled a specimen 
chloromelane. The variety from Conghonas do Campo, Brazil, was cdled suleroschisolite 
by F. Wemekinck—from alhi^pos, iron; ox^io}* to split; and Af0oi, a stone. Analyses 
were made by J, F. L. Hausmann, and V. von Zopharovich. J. F. L. Hausraenn showed 
that it is a variety of cronstedtite. 

A chloritic mineral from Eure, Finldi^id, was ^led euralile by F. J. Wiik,** and he 
su^ested that it is related to dolossite. E. Betkor,^* and M. Wobsky found a chloritic 
mineral occurring as a coating in druses or cavities in the granite near Striogau, Silesia, and 
it was named slriegovite, H4(Fe,Mn)|(Fo,Al)2Si,0|i. K. T. Liebe *• applied the term 
diabantachronnyn —from ypwwwpi, to colour—te a chloritic mineral occurring in the 
diabase of Voigtland and Frankenwand, and to which it imparts a green colour. 
0. A. Kenngott showed that the mineral is a clilorite. G. W. Hawes found a sample at 
Farmington Hills, Connecticut,^and he called it diabarUite, H,|(Mg,Fe),4414614044. 
F. Sandberger found dark olive-green scaly crystals of a soft ferruginous chlorite in a 
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muM ftt WaUburg, K’aasau. The mineral was called ajfhmideritti, 
from foam ; and al^pos, iron. The crystals were examined by G. A. Kenngott, 
E. fischer, V. von Zepharoviob, F. Slavik and V. V^ly, and £. A. Beusa. Analyses 
were made by F. Suidber^r, V, Nies, M. Websky, Q. Woitschache, L. Erlenmeyer, 
L. J. IgelstrOm, etc, A. E. Delesse found a fibrous chlorite with a scaly feathery 
texture as a coating or filling cavities of the porphyry at La Gr^ve in the Vosges; he 
called it chlorite ferrugineme or iron'Chlorite, and C. F. Naumann called it delecsUe, 
Hxo(M!g,Fe)|Al 4 Si 4033 —after A. E. Delesse. E. Weiss used the name deleesite for the 
varraties— e.g. the La Grive chlorite —containing more ferric oxide and less ferrous oxide, 
and svbdekssite for those— e.g. the Friedrichroda chlorite—containing more ferrous oxide 
and less ferric oxide. Analyses of delessite were made by A. E. Delesse, N. 1. B^borodko, 
B. Weiss, and M. F. Heddle. C. W. von Giimbel called daa gr&n fdrbende Pnncip dcr 
Diabaae of Fichtolgebirge chloropite. It was considered to be a variety of delessite or 
diabantite. P. A. Dufr6noy regarded the chloritio mineral of A. £. Delesse, named 
dumaaite, as a variety of delessite. A. Schrauf designated the group of delessitic minerals, 
prolochloritee. G. Firtsch named a basic aluminium and magnesium silicate from St. 
Michael, Styria, mmpfUe, lf 2 .,Mg,Al,jSi,oO, 5 —in honour of J. Rurapf. It is a chlorite rich 
in iron. Analyses were made by K. A. R^licli. G. Tscliormak regards it as a relation of 
leuchtenbcigite. Tho minerals epiphanite, lennilite, and vaalite, alteration products of 
biotite, aro considered by G. Tscherraak to l>e chlorites. A. Schrauf groups them as 
parachloriiea. 

Unclassed chlorites.— There are a few chlorites which were not classed by G. Tschermak. 
C F. HainmelslKjrg and C. Zincken found a chlorile m the serpentine at Haraborg which 
they named apichlorite. A sample from Voigtlaiul was analyzed by K. T. Liebe. A 
chloritic nunoral from Grangcsboig, Sweden, was called grangea-Ue by W. Hisingor.*^ Tho 
name is fiomotimes spelt grmgcatle.. It was described by G. Suckow, A. Erdmann, 
A. Lacroix, and H. Heymann. E. T. Hardman found a block chlorite in cavities in the 
basalt of t'amnionoy Hill, Belfast, and he called it huUite. M. F. Heddle found a similar 
mineral in the basalt of Kinkel), Fifeshire. H. Wiirtz described a block chloritio mineral 
from a quarry near Charlestown, Mass. He called it melanohte —from fitXaf, black ; and 
XWoi. a stone. E. F. Glocker ** described a chloritic mineral from various parts of Silesia 
which was calle<l from err^ATTf-oy, shining; and fiiXas, black. The colour 

is black, greenish-black, yellowi.sh-bronzo, or greenish-bronze. C. U. Shepard called 
a yellowish vanety chalcodite — from ;^aAKOf, brass or bronze. Stilpnomelane and chol- 
rodite have been described by JH. Fisclier, F. Sandborger, F. Roemor, V. von Zepharovich, 
J. W. Mollet. G. Gurich, W. C. BrOgger, etc. Analyses were made by C. F. Rammelshorg, 

E. V. Shannon, A. F. Halliniond, iv. Sarkony, ],. J. IgelstrOm, G. J. Brush, and F. A. Genth. 

F. F. Grout and G. A. Thiol gavo for tho sp gr. 2 882; and for the indices of refraction 
of stilpnomolano 0 —lf)4h, y I ttl.'), They found tho optic axial angle 2K was very 
smivli; A. F. llallimond found for the 8 [). gr. 2'8.'>; hardness 3 to 3V; to— 1085, 
and i -1'695: and a nogativo optica! eljaraclor. Ho gave for tho coinposition 
K|(). 3 (Rj 05 ,H())<lSi 0 j 4 -aq. According to C. Simmonds, reduction is complete when 
stilpnomelane is heat^ to redness in hydrogen. 

Some chloritic minerals liavo not bi-on sullicieiitly investigated to decide if they really 
are chlorites. Thus, A. E. Reuse’ eartliy inincral resembling glauconite, from Pribram, 
Bohemia, which was named lilHte —named after M. von Lill~and examined by F. Babanek, 
J. A. Kronnor, C. F. Rammolsberg, and A. K. Church. G. A. Koenig’s /etdyde—named 
after J. Leidy—was considered to be a zeolite ; P. Groth classed it with the cWorites. The 
green chrysopraa earth of M. H. Klaproth was named arhuchardttle by A. Schrauf. 
1). L. G. Karsten called it pimlUe —from iri/ieX-j, fatness. It was examined by G. Starkl, 
and W. Boer. L. J. IgolstrOm de.scribed a foliated green to black chloritic mineral from 
Grythytte, Sweden, which ho called rArmandc—after ti. Ekman. H. Hambeig, and J. Jakob 
investigated the optical properties of ekmanite. F. Zambonini represented it as a Jerrmta 
manganm trimclaailicotfi, 4R0.3Si0...3H d). E. E. Schmid described a pale green mineral 
from cavities in the porphyritic rocks of Hollekopf, etc. It was called ateatargillite. Its 
nature is doubtful. T. Thomson described a blue mineral from Baltimore, and called it 
baltimorita. It was examined by C. von Hauer, and R. Hermann. A leek-green soft 
chlorite from Kilpatriok Hills was called praailUe — from irpaatos, leek-green — by T. Thom¬ 
son. An alteration product of serpontme from Krems, Bohemia, was described by 
A. Schrauf as berlamle. A chlorite occurring in small balls of irregularly arranged fibres 
was called tohjjnte by A. Uhleinunn. G. Flink obtained a chloritic mineral from Karsaaak, 
Greenianih wliich he called apodiophyll\*e ; and A‘. Mallard, one from Noyant, France, which 
he calieil bravainte. J. Sainojlol! found k lamellar variety of what looked like chlorite but 
whose ohemioal comp^ition more nearly resembled clay or pyrophyllite. He called it 
a'ChloriiiU. A. Lacroix obtained a chlorite from Segr 6 , Maine- 6 t-I..oire, which he cidled 
minguetiie, and which has a composition intermediate between lepidomelane and 
stilpnomelane. 

The constitution ol the chlorites.— C. F. Kammolsberg calculated a number of 
best represeatative iormulee from the analyses of vatioua chlorites. The main diffi- 
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oulties associated with work of this kind aie due to the heterogeneous nature of the 
assumed mineral species; to the fact that some are isomorphous mixtures; and 
to the uncertainty as to the intrinsic or extrinsic nature of the water of hydration. 
Systems of formulation can therefore be easily carried bcypnd the range of known 
facts. The orthochloritcs were supposed by U. 'fschermak ** to be isomorphous 
mixtures of different proportions of a magnesium silicate, HiMgsSijOa, having the 
same composition as serpentine, and magnesium aluminosilicate, H 4 Mg 3 Al 28 i 09 , 
which is represented hy imesite. In order to explain the composition of the lepto- 
chlorites, 6 . Tschermak fountf it necessary to invent two other fundamental mole, 
HiMgjAljSijOii, represented by strigovite, and HaMgAl^SiO;, represented by 
choritoid. By working in this manner, it would bo possible to represent the com¬ 
position of any aluminosibcate. Accordingly, the coincidence of calculatinl and 
observed results does not impart much confidence in the truth of the hypothesis; 
and the question might legitimately be raised whether the chlorites arc of any interest 
to the chemist, however interesting they may be to the mineralogist. If serpentine 
be a component of the chlorites, and if serpentine on calcinatioii breaks up into 
water, olivine, and enstatite (insoluble in acids), it follows that the calcination 
of the magnesian chlorites should furnislq about 18 per cent, of eiislatite. 
F. W. Clarke, and C. Uoelter and E. Dittler found that actually no enstatite is 
formed ; instead spinel is produced in quantities proportional to the. excess of o.vygen 
above that calculated for an orthosilicate. This, regarded as an experimenlim 
crucis, makes it highly probable that serpentine mols. are not present in the 
chlorites, and, as K. W. Clarke puts it, G. Tschermak’s hypothesis breaks down. 
V. Iskyul said that the existing theorii's as to the nature of the chlorites are 
based on too httle experimental observations. 

F. W. Clarke and E. A. Schneider based some formulro representing the con¬ 
stitution of the chlorites on the action of hydrogen chloride on these silicates. 
B. Brauns, however, argued that the action was dependent on the degree of huinhlity 
of the gas employed, and he and A. Lindner questioned whether evidence on the 
constitution of the chlorites can be founded on these experiments. B. Brauns, 

V. Goldschmidt, P. Groth, and W. and I). Asch base formula) for the chlorites on the 
assumption that the chlorites are isomorphous mixtures of idealized types or 
hypothetical components. P. Eroulisse considered the chlorites to bo solid soln. 
of the micas and spinel. B. Gossner represents clinochlore by 

and by replacements between SiO^ and AIO(OH), and between AIO(OH) and 
Mg( 0 il )2 he accounted for the composition of all,the members of the chlorite family. 

W. Vernadsky, and V. Iskyul considered the chlorites to be salts of, or comjdox 
compounds with, the acids AljSia, „, 07 + 2 m-B(Ofl) 2 B. The composition of the 
chlorites has been discussed by E. 8 . von Fedoroff. In his later work, F. W. Clarke 
represented the chlorites as orthosilicatcs, or trisilioates which formed a series of 
idealized compounds parallel with those which he employed for the micas, and 
in which basic groups Uke MgOH', FeOli', AlOH", Al( 0 H) 2 ', Fe( 0 H) 2 ', and 
Fe(OH)" appear. Thus, he based formulee for the chlorites on three, types: 

I. The Inotilic chhrite-i are built on the biotite-chlorite type and arc ilhcstrsted 
by his forniulffi for rumpfite, croustedtite, and melanolite. 


• Si 04 ^Mg 0 H),H 
BiotiteM;hlorlt«. 

ffA=S iO _jy^Si04=:(Fe0H)jjFe{0H)jI 

* ^Si 04 ^FeOH),{Fe(OH) 4 ; 

CroDftodUte. 


RumpflU). 

Melanolite. 


11. The pMogopitic cMoriles* built on the phlogopite-chlorite type. The 
VOL. VI. 2 8 
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composition of an average peimite agrees withfen isomorphous mi 
biotitic and phlogopitic clilorites in the proportion 1; 1, and clin IT 
leuchtenbergite, . anj 


SiO,B(MgOHhH> 

AIrSiO,^MgOH)M 

''SiOt=(MgOH)fl 

Phlogopite-cblorik. 


.SiO,mMgOH),H 

Al(SiOt=(MgOH)iH 

m,:=(A10HjH 

Deftssito. 


.SiOfSIFtOHjfi 

AI^8iO,=(FeOH}fl 

^iO^(AIOH)H 


with the ratio 2:3 with one A1 of the biotitic foftnnla replaced hy 3A10. Tie 
formula) given by F. W. Clarke for brunsvigite, delessite, prochlorite, grociauite 
mctachlorite, stilpnomclane, ekmannite, and corundophilite may he cited. In 
eoruudophilite the six R-atoins are made up from four Mg-atoms and two Fe"- 
atoms. 


ySiO,^-(MgOH)^H 

AI-AiO,~(FcOH),I{ 

J’rocJj/ofifcp. 
FiOt^'(FeOH), 
Al(siO,= (FeOHI, 
FiO, (FeOHj, 

ilkinanijito. 


A/ SiO,S(JlfgOH), 
SiO,rE(A10H);AI(OH) 

OrocJifluitt*. 

,SiO,3(KOH)3 

AKsiO,=(KOH)3 

■SiO,={AI(OH)j|3 

CoruncJophllito. 


ySiO^FeOH), 

Al(SiO,=(FeOH},U 

m,=lAI(OHi!h 

MetacIiJorJte. 

Si,0,=(FeOH)jH 
AI^Si,0,=(FcOH),H 
^Si 30 ,=(Fe 0 H)jH 
Stllpnomelane. 


Stiipnoinelane has the chlorite formula, but is a trisilicatc instead of an 
orthosilicatc. The composition of diabantite and thuringite can be imitated by 
assuming they are binary mixtures; and epichlorite, a mixture of stilpnomclane 
and the orthosilicate, AlfSiO^ljfMgOHleH,. 

III. The tmrgarilk chlorites are illustrated by etrigovite, aphrosidcrite, daphnite, 
and sheridanite. 


Al(OH) 


^Si(),=-(FeOH)3 

'SiOj-Fe 

Strlgovltc*. 




SiOj^FtFcOH), 

Si 04 --(AI 0 H)H 


I)AplU)it«. 


Aphroslderlte. 


AI(0H)< 


8 i 04 ^~(Mg 0 H) 

.SiO,=(AIOH)H 


Shoriaanit^. 


The hydrated character of the chlorite.s shows that they are no(. formed 
pyrogmictically. They are alway.s of secondary origin, and almost all the forro- 
magnesian aluminosilicates may yield chlorites by hydrolytic reactions.^!' G. Friedcl 
and F. Grandjean made chlorites artificially by the action of alkaline soln. on 
pyroxenes at 550“-570“. 

The colour of the members of the chlorite group includes various shades of 
green, rarely brown ; some are coloured violet, rose-red, and pink, particularly if 
chromium is present. Cliuochlore occurs in tabular crystals flattened parallel to 
(001), and with a hexagonal outline ; the crystals are sometimes prismatic. The 
crystals are monoclinic, and, according to G. Tschcrmak,®“ and N. von Kokscharoff, 
the axial ratios of crystals of clinochlore are a: 6; c=0'57735:1:2'2771, and 
/3=89° 40'. Clinochlore also occurs scaly, granular, or earthy. Penninite is trigonal 
in habit, but, as G. Tschermak, and E. Mallard have shown, the crystals are jracudo- 
trigonal, and belong to the monoclinic system with axial ratios like those of clino¬ 
chlore. According to J. P. Cooke, the axiW ratio of the pseudotrigonal crystals is 
o: c=-l: 3'4951. Penninite also occurs in scaly or compact cryptocrystalline 
masses. The crystals are thick and tabular rhombohedra, and also tapering six- 
sided pyramids; the X-radiogram was studied by H. Haga and P. M. Jager. 
Prochlorite occurs in raonoclinic six-sided plates or prisms with the planes strongly 
furrowed. The crystals are often joined at their sides, and occur in fan-shaped, 
vermicular, or spheroidal groups. They also occur in foliated or granular masses. 
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■naophilite occurs in munocliaic O-sided or 12-sided plates or prisms. The 
Mtols of the orthochlorites were studied by G. Tschermak, E. Mallard, A. Schraiif, 
fj. Naumann, P. Groth, A. dcs Cloizeaux, P. Hessenbcrg, J. D. Daua, N. von 
bkscharoS, R. Prendel, L. V. Pirsson, H. Laspeyres, and J. Grailieh and V. von 
mg. 

The twinning is usually similar to that of the micas with the twinning plane 
jierpendicular to (001) and in the zone (0(y) (110). In some cases, the composition 
plane is (001) with the pianos of the optic a.\es intersecting at 60°; in other cases, 
(i) the twinned parts may lie” in one plane adjacent to one another along two or 
three irregular planes, or (ii) they may form a trilling, or (iii) they may make one 
crptal with six sectors i^. The twinning may follow the so-called penninite liw, 
with ((K)l) for the twinning and composition plane. The two parts are in this case 
reversed, and corresponding faces differ in position 180°. Both modes of twinning 
mayoccurin onecrystal. The apparent uniaxial character of peiininite is exidained 
by 0. Tschermak and E. Mallard by assuming a highly developed multiple twinning 
of bia.xial plates. The twinning was discussed by G. Tschermak, N. von Kokacharoff, 
G. A. Kenngott, and J. P. Cooke. The cleavage parallel to (001) is perfect furnkshing 
ffexihlc, tough, but not elastic larninw. The percussion figures and the pressure 
figures are oriented as with tlic micas. The corrosion figures were studied by 

G. Tschermak, and K. .1. Wiik. Those at the (OOl)-lace of cliuochlore are in part 
monoclinie, and in i)art triclinic; those on ])enninite are hexagonal or triangular, 
rarely monoclinie or trielinic; and those on eorundopilite are monoeliuic. Tlie 
optic axial angles are variable even in the’same crystal; and in some cases tlie 
cry.stals appear uniaxial. G. Tschermak gave for 2A’ -‘d" 30'-65° for cliuochlore, 
and 2P=20°-5r’ 31'; for pi'nninite, 2S tr’-GO”; for prochlorite, 2A'—0 -30°; 
tor corundophihte, 2/i'- 8° 20', and 27= 4(i° 10'; for huiehtcnbergite, 2/i'-=0°-2!t°; 
for kotschubeyite, 2E- -()°-36°; and for kiitniniuerile, 2A'-;0°-2O“. Observations 
have also been reported by A. des Cloizi'aux, A. Michd-Levy and A. Lacroix, and 
R. Prendel. According to A. des Cloizeaux, raising the teinp. of clinochloro from 
20°-205° rai.ses 2A’ from 68' 75"; no chang(^ occurred with leuchtenbergite and 
penninite. 

The specific gravity of clinoclilore ranges from 2 05-2'78; of penninite, from 
2'60-2'85; of prochlorite, from 2 78 -2'il6; and that of corundophilite is 2'',)0. 
The hardness of prochlorite is 1-2; and that of other varieties ranges from 2-2^. 
R. Ulrich gave O-2016 for tlie specific heat of chlorite between 20° and !)H°. 
K. Dalmer found that orthoehlorites lose tlieir water at 550°-570°; the lepto- 
chlorites commence to lose their water at 4 t0°-450° and lose all at 580"-600'’. 
C. Doelter found that when ])enninite. is melted with magnesium fluoride, magnesia 
mica, olivine, and enstatite are formed. He also found that when slowly cooled, 
olivine, augite, and spinel arc formed. Observations were also made by C. Doelter 
and B. Dirtier. F. VV. Clarke and K. A. Schneider found that when clinochloro 
is strongly ignited it furnishes a soluble and an insoluble portion, and the latter has 
the composition of a spinel. The indices of refraction are nearly the same as 
for mica; for clinochlore, A. Michel-LiSvy and A. Lacroix, K. Zimanyi, and 
J. Kdnigsberger gave a=l-585-l'586, i3=l-586-l-588, y=l'5955-U5>J6; for 
penninite, A. dcs Cloizeaux, C. Pulfrich, A. Michel-Ldvy and A. Lacroix, 
W. Haidingcr, and K. Zimanyi gave a*l-575-l'6821, y—1'576-1'5832. The 
corresponding birefringence is low, ranging from y—a=0 001-0 0101. TheOptical 
character is usually positive, sometimes negative, and sometimes both in adjacent 
lamina! of the same crystal. E. 8. Larsen studied this subject. The pleochioism 
of the crystals is well-marked ; this subject was discussed by G. Tschermak, A. des 
Cloizeaux and J. C. G. de Marignac, G. A. Kenngott, J. P. Cooke, A. Bcrtin. and 

H. Rosenbusch. W. 6 . Hankel discussed tin! pyroelectric properties of the crystals. 
G. A. Kenngott observed that powdered and moistened chlorite has an alkaline 

reaction towards litmus. F. W. Clarke and 6. Steiger found chlorites are partially 
decomposed by the vap. of ammonium chloride. C. Doelter and B. Dittler did not 
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obtain talc by the action of soln. of sodium carbonate and hydroxide. F. W. Clarke 
and E. A. Schneider found chlorites are decomposed when heated in a stream ot 
hydrogen chloride; R. Brauns doubted if the gas was adequately dned. A. Lma- 
net also made observations on this subject. The transformations of the emontes 
in nature have been discussed by G. Tschermak, A. Funaro and L. Brussati, hi. von 
Kokscharofl, etc. V. Iskyul studied solubility of the silica from the chlorites— 
proohlorite, corundophyllite, tabergite, rhodochroni, ptmninite, leuchtenbergite, 
and clinochlore. W. 0. Smith and G. T. Prior described an ivy-green compact 
chlorite from Bernstein, Austria, whieh is sometimes erroneously called prmous 
serpenlim, and which is used for making vases and other small ornaments. 
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§ 42. Alkali Aluminium Silicates {coniimed) 

M. F. R. d’Andrada i found a white or yellowish-white mineral at Utii, Scider- 
manland, Sweden, and he named it spodumene—from ottoSos, ashes—in allusion 
to its colour before the blowpipe dame. R. J. Hatty called it tripham—bom rfMftdvg, 
appearing three-fold—in allusion to his idea that the crystals can be divided by 
three planes with equal ease. J. A. Arfvedson first demonstrated the presence of 
lithium in the mineral, and other analyses were made by F. Stromoyer, R. Hagen, 
H. V. Regnault, and T. Thomson. 

A variety of spodumene from Stonoy Point, Connecticut, was described by J. L. Smitli, “ 
and W. E. Hidden, and called hiddersUc —after W. E. Hidden. The colour is yellowish- 
green to emerald-green, and the latter is used as a gem-stone. It shows rather more 
variety of colour than the emerald because of its pleochroisin. Another variety from Pala, 
California, is a clear rose or lilac-colour; it was called kunztte —after G. F. Kunz—and is 
also used as a gem-stone. It was described by G. F'. Kunz, C. liaskervillo, W'. T. Schaller, 
and R. O. E. Davis, K, Przibram and co-workers foimd that a sample of kuiizito which 
waa pleochroic from rose-red to colourless gave colours varyhig from blue to yellowish-green 
after exposure to Becquorera rays. T. Tanaka considered that the spectrum of the 
luminescence of kunzites indicated the presence of manganese, iron, thallium, samarium, 
and ytterbium. 

Analyses of spodumene were made by C. F. Rammelsbcrg, A. Julien, etc. No 
elements of the cerium-yttrium group were present; and magnesium, barium, stron¬ 
tium, chromium, iron, titanium, zirconium, thorium, and phosphorus were absent 
from the kunzite analyzed by W. T. Schaller, and R. 0. E. Davis. According to 
A. Piutti, spodumene of Mines Grabs is not radioactive, although kunzite contains 
some helium. The proportion of lithia in the early analyses was shown by C. Doelter 
to be too low owing to imperfections in the analytical methods. The later analyses 
are best represented by the formula LiAlfSiOsjg, so that spodumene may be regarded 
as lithium aluminium dimetasilioate. F. W. Clarke gave a complicated graphic 
formula for spodumene involving a gextupling of the simple empirical formula. 
The synthesis of a spodumene lil^e the natural mineral has not yet been elected 
—Slide leucite. R. Ballo and E. Dittler melted together hthium metasiUcate and 
aluminium metasilicate, and obtained what has been called y-spodvmene, which 
has a smaller sp. gr. and index of refraction than spodumene itself. G. Stein, and 
F. M. Jager and A. Simek also failed to synthesize the mineral, but they obtained 
the y-8p«>dumene. B. Ballo and E. Dittler’s f.p. curve of mixtures of lithium and 
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aluminiiun metasilicates is shown in Fig. 135. Starting from the lithium end, solid 
soln. are formed as far as 30 mol. AljfSiOsls, and beyond the eutectic point a 


maximum occurs at 965°, corresponding 

with thecompound lithiumdialummium ■[ " r I 

pentametasilicate, 2 Li 2 Si 03 .Al 2 (Si 03 ) 3 . i j / 

There is then a second eutectic point at /^Olf - - { — 

920°, and the curve rises steeply to a*^ ^ j. I - . / [ 

maximum at 1275°, corresponding with § -1 -1 .- ]. 

lithium aluminium tetrametasilicate, ^ ^\K«i//, 4 /ff/i? i 

Li 2 Si 03 .Al 2 (Si 0 s) 3 . The third eutectic ^ i ^ 

point is at 1200°. Natural spodumeue 300 : : j j 

furnishes a similar product to synthetic ^ ' io io 60 ' m M 

spodumene when it is fused and slowly Mdrpercent Al.lSiO^^ 

cooled. In the system LLA10.>-Si02, „ , 

H. BaUo and E. Dittler found litluu.n 
aluminium dmictasilicate, m.ii. 127,5 ; ' " 

lithium aluminium orthosilicatc, m.p. 13,30°; lithium alumimum mesortisilicate, 
LiAlSiaOs, m.p. 1180°; and lithium aluminium paratetrasilicate, LiAlSi 40 |ij, in.)). 


0 20 30 60 m tot 

i^rpercent Al.tSiO,\ 

Flo. l;Ia, —Frtw.inu point Curviw of till' 
Hmnry System : -\I,fSi(la)i, 


1200 °. , , , 

Siiodumcne occurs in cleavable maascs, and in prusmatic crystals wuicli are 
white and may be tinged green, grey, or yellow. There are also blue, rose, and 
lilac-coloured crystals—c.y.kunzite - and gretgi cry.stalaof hiddcnitc. h, A.ficuth'f 
found O' 18 2 )cr cent, of chromic oxide in green hiddenite. The crystals of sjiod umenc 
usually apiiear as flattened prisms, and very large crystals have been rejiorted. 
W. P. Blake mentioned crystals from the Black Hills, South Dakota, .16 ft. in 
length and 1- 3 ft. in thickness ; E. L. Hess, one 42 ft. in length and approximately 
3 ft. by 6 ft. in cross-section ; V. Ziegler, one 42 ft. long and 5 ft. 4 ins. maximum 
diameter, and it weighed 90 tons ; and W. T. Schaller, one 47 ft. long. K. .1. Hatty 
said the crystals arc rectangular octaliedra; and observations were, made by 
,1. D. Dana, K. Hermann, and A. des I'loizeaiix. According to «. vom Hath, 
the crystals belong to the iiionoclinic system, and have axial ratios « :o:(; 
^1'1283 :1 : 0-62345, and /3^69° 32^'; and E. S. Dana gave 1'12H3; I : 0'035,), 
and 40'. K. Endell and B. Bioko say that the crystals become isotropic 

at about 950°. The (ll())-clcavage is well marked. The crystals sometimes have 
a lamellar structure, and can be separated or ^larted into thin ]ilates fiaral el to the 
(l(XI)-face. Twinning occurs on the (100)-}>laue. Corrosion ligures i>roduced by 
a natural solvent have been found by K. S. Dana on some crystals of huldemte, 
and G. Greiin obtained similar figures by etching with hydrofluoric acid. G. '"■'•‘"i' 
also gave for the optic axial angle 2//~64° 47' for red light; 64° 08J for Na-liglit, 


and 65° 4J'for blue light. miu-o. 

The sp. gr. of many of the natural siiodumenes analyzed ranged Irom .J 1-02, 
their hardness varied from 6-7. F. M. Jiiger and A. Bimck determined the sp. gr. 
of a number of natural kunzites, and found 2'411 at 25° for the sp. gr. of synthetic 
spodumene. K. Endell and B. Bieke stated that the sp. gr. of spodunieno is not 
affected liy heating it to 920° and cooling rapidly, but at 980° it is diminished from 
3-147-2-370. B. Ballo and E. Dittler called the mineral o-spodumeue, and found 
that at about 1000° there is an irrcvcrsibfe transition’temp, into ^-spMumene 
whereby the sp. gr. falls from 3'17-2'4I. Natural a-spodumene is slowly trans¬ 
formed to jS-spodumcne at temp, as Uw as 690°, and the change progresses with 
an increasing velocity as the temp, is raised. • 'The term ^-spodumene is no longi r 
applied to the natural mixture of albite and eiicjyptite (q.v.). Fused spodumene 
rapidly cooled furnishes a colourless glass of sp. gr. 2.362. Syntlietio 
y-ipodamene has a sp. gr, 2-3127 ; and kunzite which has been transformed into 
y-spodumene by melting and recrystallizing by slow cooling has virtually the 
same sp. gr. 2-3130. The curve, Jig. 136, represents the average results of K. Endell 
and B. Bieke, and R. Ballo and E. Dittler on the sp. gr. of spodumene, which has 
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been Heated to tlie temp, 
at 



SCO"" l,00(t 1,200° 
Temperdture 

Fig. 130.—Effect of Temperature on 
the Specific Gravity of Spodumene. 
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• and racidlv cooled. The slope of the cum 

ot the trauefoimatlon. E. Meis^ei helieves 
any ten \ v that p-aTiA v-spoAumene ate the aaimi aiid 

that the m.p. and lefractive inthces are the 
same. K. Endell and R. Rieke gave 1380“ 
for the m.p, of spodumene; B. Ballo and 
E.Vittkr, 1275°for the mp. ofy-spodumene; 
and F. M. Jager and A. Simek, 1400°. 
A. Brun gave 1010° for the m.p. of spodu¬ 
mene, but, as just indicated, this number 
is too low; J. Joly gave 1173°; and 
A. L. Fletcher, 1223°. F. M. Jiiger and 
A. Simek measured the m.p. of a number of 
natural kunzites and found them to be 
higher than synthetic spodumene. Hence 
they inferred that the m.p. decreased as 
the sp. gr. increased. The observed difference in the m.p. of jS-spodumene 
(1380°) and y-spodumene (1290°) is attributed by F. Meissner to the tow fusion and 
crystallization velocities. From his experiments on the action of soln. of the 
alkali salts on spodumene before and after fusion, J. Lemberg assumed that 
the melting is accompanied by the decomposition: 2 (Li 20 .Al 203 . 4 Si 02 ) 
=Li 20 .Al 203 . 6 Si 02 + Li20.Al20s.2Si02. K. Schulz gave 0-2161 for the sp. ht 
of spodumene. F. M. Jager and A. Simek concluded that the natural kunzites, 
hiddenites, and spodumenes are metastable varieties (a-spodumenes) of the com¬ 
pound, and that y-spodumene is the stable form at all temp, below 1400°. The 
natural sjmdumenes cannot therefore be produced from dry magmas, and it is 
probable that their formation is due to so-called hydrothermal synthesis. R. Lorenz 
and W. Hetz studied the relation between the m.p. and the transition temp. 

G. Tammann gave 714 cals, for the heat of soln. per gram in a mixture of hydro¬ 
fluoric and hydrochloric acids. 

A. Michel-Ldvy and A. Lacroix gave for the indices of refraction of the mineral 
a==l-660, ^==1-066, and y=l-676 for red light; while A. des t'loizeaux gave 
0=1-051, (8^--l-6C9, and y--l-677 for yellow light. L. Duparc and co-workers 
obtained: 
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K. Endell and R. Rieke found the birefringence disappears after heating the 
mineral to 980°, or the very finely powdered mineral to 950°. They found the mean 
refractive index of spodumene is 166; and that of the glass, 1519. R. Ballo and 
E. Dittler gave for o-spodumene, 1-665; for jS-spodumenc, 1-527; for glassy 
spodumene, 1-519; for y-spodumene (synthetic), 1-525; and for y-s))odumene 
from rc-crystaUized kunzite, 1-523. F. M. Jager and A. Simek gave 1-521. The 
crystals are optically positive. E. S'. Dana found the pleochroism to be strong 
particularly in the deep green varieties. As indicated above, A. Piutti < said that 
the mineral is not radioactive. G. Doeltor found that by exposing kunzite to 
radium rays, it is coloured green; -spodumene does not change; and hiddemte 
becomes bluish-green. He found that kunzite becomes colourless at 400°, and rose 
at 240°. Calcined kunzite becomes green when exposed to radium rays. The green 
colour changes to hlao when the mineral is heated to 200° in a stream of oxygen. 
C. Baskctville and G. F. Kunz found that kunzite has a red phosphorescent glow 
when exposed to radium rays; according to S Meyer, the light is polarized. 
Spodumene and hiddenite do not phosphoresce under these conditions. F. H. Glew, 
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K. Przibram, and E. Newbcry and H. Lupton also investigated the action of radium 
rays on kunzite. C. Doelter found that green kunzite is thermoluminescent at 10 ’; 
and kunzite is luminescent in X-rays, and in ultra-violet light. Thirty hours' 
exposure to X-rays produced a perceptible change io the colour of kunzite; hiddeuife 
became greener. C. Doelter said that spodumeue and hiddenite are almost trans¬ 
parent to the X-rays. Ultra-violet rays restore the original colour to green kunzite, 
but hiddenite is not changed. The subihet was also studied by S. C. Lind and 
D. C. Bardwell. 

G. A. Kenngott ^ found that powdered and moistened spodumene has an alkaline 
reaction both before and after calcination; but the powdered glass does not give 
the reaction. Spodumene is not attacked by the ordinary acids, although, as 
indicated above, it is attaeked by hydrofluoric acid. J. Lemberg iiivestigateil tlie 
prolonged action of soln. of potassium and sodium carbonates, and potassium and 
sodium chlorides at 100“-230'', on both natural and glassy powdered spodumene. 
The lithium is displaced by potassium and sodium; and in some cases silica is 
removed as alkali silicate. The alteration of spodumene in nature was studied 
by A. A. Julicn, C. K. van llise, and (J. J. lirusli and E. S. Dana. I’ercolating 
soln. of sodium salts change it to eucryptite and albite. This mixture was cmee 
called ^-spodumene—vide eucryptite. By the further action of potassium salts, the 
eucryptite is converted into muscovite. Thus, albite and muscovite appear as 
end-products of this reaction, and the mixture of albite and muscovite was culled 
cyiMtolite by J, D. Dana; and (lylaile by A. A. .Julien. T. Thomson desicribed an 
alteration product of spodumene from Killmey Bay, freland. This mineral is not 
unlike cymatolite. It was called killiidte. 

A. Damour “ applied the term jadeite to a jade-like mineral from Eastern Asia. 
The colour is nearly white with a greim tinge, leek-green, emerald-green, apple- 
green, or bluish-green. Ife also applied the; term (•khromelamlc - iiom xAmpds, 
green; /«Ans, black-10 a dark green, almost black, variety--tiide jade and 
nephrite. The analyses have been discussed under the last-named minerals. The 
results sh(jw that jadeite can be regarded as a soda-spodumne, NaAlfSiOj).^, sodium 
aluminium dimeteilicate. It is known only in a massive form with a eryslallim! 
or granular strueturc, and it may be obscnr(dy fibrous. The crystals are monoclinie 
(or triclinic) with optical characters like the pyro.xcnes. The crystalline structure 
has been discussed by A. des (floizeaux, E. Cohen, A. J. Krenner, and A. Arzruni. 
For Na-light, A. Michel-Levy and A. Lacroix gave for the optic axial angle 21’ ■ 70 '; 
and A. ,1. Krenner, 2W-=82“ -IS'. A. Michel-Levy and A. Lacroix found the bire¬ 
fringence y—a-i 0 02!). The sp, gr. is 3'30- 3'35, and the hardness. 0- 7. B. Weid- 
mann referred to a pyroxene related to jadeite which ho called percivalile. It 
is from the pegmatite deposits of Wisconsin; its com|)08ition indicates that it is 
a mixture of jadeite and acmitc. IL S. Washington found a pea-green jade orna¬ 
ment near San Andres do Tuxtla, Mexico, of date about 96 b.c. ; its comimsition 
corresponded with a mixture of equal parts of jadeite anddiopside, NaMgCaAlSi40i2. 
He called the mineral luitlile. The sp. gr. was 3'270; the hardness, 6'6; o~l'66C, 
jS=l-674k and y-'LeSfl ; the birefringence, y—a=0 022; the optical axial angle, 
75°; and the optical character, negative. The minerals whose composition corre¬ 
sponded with solid soln. of textlitc and albitj' were called mayailr— ltom the Maya 
nation. 

J. F. L. Hausmann t described a green ampbibole from Syra, one of the Cyclades 
Islands, but it has since been showif to bo widely distributed. Ho called tho 
mineral ghkucophane -from yhmmt, bluish-green; and ^aiVorflat, to appear. 
Q. StrUver called the mineral from Vallo Grande di Lanzo, gastaldite- -aiter 
B. Gastaldi. .Analyses have been reported by C. Bodewig, 0. Lucdecke, F. Ber- 
werth, A. von Lasaulx, B. Schluttig, G. Strliver, F. Zambonini, L. Milch, W. C. Bias- 
dale, A. Johnsen, B. Koto, A. Liversidge, C. Barrois and A. Offret, H. S.Washington, 
U. Grubenmann, and H. B. FouUon. C. F. Rammelsberg regarded glaucophane 
as a complex mixture of Na,SiOs, RSiOj, and K|i"'(8iOj)3; various other forms of 
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the mixture hypothesis were proposed by C. Doelter, L. Milch, U. Grubenmann, 
and C. W. Blasdale. Idealized glaucophane is represented as sodium aluminium 
dimetasilicatc, NaAl(Si 0 a) 2 ; ‘and this is normally associated with ferromagaesian 
ihetasilicate, (Fc.MgjSiOa, and calcium metasilicate. F. W. Clarke regarded it as 
a trisilicate, analogous to crocidolite, 


(AlO),^^ 

Mg<^ 

Qluui'ophaitc. 


'*>Mg 



Crocidolite. 


A. Osann reported a lithium-glaucopham which was named hdmquisit^&iteT 
P. J. Holmquist—in tJie iron ores of Utb, Sweden. It contains 213 pet cent. 
Li^O, so that part of the soda of glaucophane is replaced by lithia. The mineral is 
optically negative, with 2£=68° 66'. Glaucophane is the amphibolic equivalent 
of the pyroxene, jadeitc ; and its composition was studied by B. Gossner. 

Glaucophane occurs as the hotnblendic constituent of some crystalline schists, 
mica schists, amphibolytes, gneiss, eologytes, etc. B. Koto regarded it as a 
secondary product of the alteration of diallage. The subject has been discussed 
by H. Rosenbuseh, L. Milch, G. F. Becker, K. Oebbeke, H. 8. Washington, and 
J. P. Smith. Glaucophane has not been synthesized artificially. C. Doelter found 
that like other amphiboles, it furnishes a pyroxene when fused and crystallized. 
When heated along with magnesium, calcium, and sodium chlorides in a current of 
steam, 0. Doelter obtained a product like glaucophane in some respects, 'fhe colour 
of glaucophane is azure-blue, lavender-blue, bluish-black, and grey. It commonly 
occurs massive, fibrous, columnar, or granular. The crystals are prismatic and 
monoclinic, closely resembling the amphilioles in form. The axial ratios &Tva:b:c 
—0'53:1:0'29, and j8=105''. Observations were made by C. Bodewig, A. von 
Lasaulx, 0. Lucdecke, and G. Striiver. The cleavage parallel to (110) is complete. 
The optic axial angle for Na-light is 2E=R5'’ 35'; and, according to G. Striiver, 
2K--43° 58'. 8. Krentz gave 2E=V2° 55' and 21''--42“ 24' for red light, and 
2A'—72° 36' for gre(m light. The sp. gr. ranges from 3'0-3'l, and the hardness 6. 
0. Doelter gave 1040“ -1060° for the m.p. The mineral becomes brown when 
calcined. E. T. Allen and J. K. Clement discussed the nature of tlie water 
which is present to the extent of l'78-2-57 per c(!nt. in samples dried at 
100°. E. Wallerant gave for the indices of refraction a=-l'6212, j3=l'fi381, 
and y—I'fiSOO; and 8. Kreutz, a-=l'630, ^.--;1'646, and y=l‘648. For the bire¬ 
fringence, y-a--00178, o--=0’016y, and y-j8=0 0(X)9. The optical character 

is jmsitive. The pleochroism is gtrongly marked. Observations were, made by 
C. Bodewig, G. Striiver, A. von Lasaulx, A. Michel-Levy, A. Stelzner, C. Barrois, 
F. Becke, B. Koto, J. W. Retgers, A. Wichmann, F. Becke and E. Schluttig. In 
general, a is yellowish-green to colourless; 6, reddish-violet; and c, sky-blue to ultra¬ 
marine-blue. K. Oebbeke noted the change which occurs after the mineral has 
been calcined. 0. Miigge noted the formation of pleochroic halos when glaucophane 
is exposed to radium radiations. The mineral is scarcely affected by acids. 
L. Colomba described the alteration of glaucophane into chlorite, felspar, and 
hiematite. 

B. Faujas dc St. Fond* mentioned the occurrence of pellucid crystals of a 
zmlithe dure on the Cyclopean Islands, Sicily; L. A. Emmerling, D. G. J. Lena, and 
J. C. Delametherie called it zeolithe cubique, &nd zeolilhe. leuctiique; and B. J. Haiiy 
called it anedcim —from aeuXKis, i#eak—in allusion to its feeble electrification 
when rubbed. D. de Gallitzin alviercd the name to anaidte. 


J. Q. Werner called analcite hihizile, and also amlzitn ; and A. Breithaupt, kuboid. 
The ptcroiwlcime—from trutpot, bitter—of 0. Meneghini and E. Bechi, staled to contain 
about 10 per cent, of magnesia, proved, when analysed by E. Bamberger, to be ordinary 
analcite. J. Esmark obt^ed a compact analcite from a number of islands on the I.ange- 
Bund fiord, Norway, and it was nom^ suMoffite—from e!, well; and SMit, a green twig 
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—in allusioD to the colonr. P. C. ^’eibye found rhombic crystals of a mineral on ititaiuls 
in the J^^und fiord, Norway, and he called it ewlnophite —from fv5i>o^oj, duskinoiw - 
in allusion to the cloudiness of the mineral. The ciystals were examined by A. des Cloijteaux, 
K. Bertrand, and A. Lacroix. W. C. Brtigger showed tlxat the mineral is nothing but 
analcite with an unusually strong double refraction. T. Thomson found in the Kil|)atn(*k 
Hills red vitreous crystals of a mineral approaching analcite in projwrties. It was nanayi 
cUuhilite —from Clutha, ah old name for the Clyde V'alley. It is considereil to bo on altcrwl 
analcite. E. Bertrand examined ita optical properties. F. Benverth nauifNl a block- 
coloured rhombic mineral in a meteorite fAin Kodaikanal, Madraa, --after 

J. Weinbergen—ita composition correH|)onded with 9{(Na,K),AljSi,(),}.r»l(Mg.Ca.Fc}SiOa, 
or, more generalized, Na^(). 6 Fe().Al 20 ,. 8 Si()j; and it is assuineil to lie a mixture of 
NaAlSiO,-f 3 FeSi 03 . It is optically negative, has small axial arigle-s and a weak index 
of refraction and birefringence. 

The first analyses of analcite were made by L. N. Vauquelin® in 1807, and 
H. Rose made more accurate onc.s in 1822. Many analyses of analcite liav(‘ niiice 
been made. C. F. Ramnielsberg at first regardeil the contained water as 
oq. to water of crystallization ; later, he gave the formula H 4 Na;)AUSi 40 | 4 . 
The formula usually accepted is Na 2 AU{ 8 i 03 ) 4 . 21 L 0 , or, as P. (Iroth puts it, sinhum 
ahiminium dimetaMlicate^ NaAlfSiOjd^-Hji^^ > Foote and M. Bradley 

showiid that in the published analyses, the ratio Na 2 (): ALOu is nearly 1 ; 1, and 
the ratio : SiO.) is very close to 1 ; 2 ; but there is no siniph‘ ratio ln'twi'cn (he 
alumina or soda and silica or water, (i. Tschcmiak re])resmite(i analcite as eon- 
stituted of four alumino-silicates. J. tfakob n'prescnted it by tin* co-ordiiiation 
theory: , 

G, Kricdcl sliowod that (iver UK)” there is a state of eqidlibrium between tin' vap. 
press, of the zeolites ajid tln^ water vapour in the air; and for a givert weight of 
mineral the vap. pre.ss. depends on the area of the expo.sed snrfaee. Ife measured 
the dehydration curve of analeite - ride infra. K. W. Clarki' and (i. Steiger found : 

nsi" ISO' wr’ 3(»I' .150’ Um mlo™, 

I.OKK of wutcr 0i3 0'7r) 2'44 I 28 P7() 2 03 per cent. 

They regarded the water as iwtrinsic and, from their experinieids on the ai'lion of 
arnnioniiim chloride vap. resulting in thi' formation of anwioiiiiim ahiiiiinitim 
(hmelanilkatc, (Nll 4 )AI(Si 0 -j)., wrote the formula NajAljSljO.,, or: 

SiO 

Al£S;i 30 g-AI'Cj^|^j‘>AI .SiOprAI |-4H,0 
* *Na, 

K. Brauns regarded the jiartof the water as intrinsic or constitutional, and wrote the 
formula A1: Si 0 ;,. 0 ,.Si( 0 H) 2 ( 0 Na). ('. Doelter, and E. T. Wherry consider tliat anal¬ 
cite is not a zeolite liccause it does not sliow tlie peculiar dehydration phenomena 
characteristic of zeolites. It is coasidered to be related with leueite. E. T. Wherry 
assumed that the mol. vol. of K and of (Na l-HjO-l z) are alike, and can replace 
one another isomorphously. From observations on the action of salt solii. on 
analcite, G. Tschermak, and C. Doelter regarded the mineral as a complex mixture 
or solid soln. of silicic acid and an anhydrou* aluminosilicate, Na 2 Al 2 Si. 20 n.H 4 Si 20 (|. 
H. W. Foote and W. M. Bradley also explained the variation in coiniiosition of 
analcite by assuming that a solid .spin, of some other compound is jirescnt - 
presumably silicic acid, HjSijO,; 11481209 ; eje? Water in analcite iloes not behave 
like ordinary water of crystalbzation, and the vap. press, at a given temp, is not 
constant. This is taken to support this liyimfticsis. J. Lemberg inferred that 
the formula should be at least doubled. G. Stoklossa assumed that the water of 
analcite is chemically bound in the mol. There is a break in the reliydration 
curve of analcite dehydrated at different temp., and tliis is taken to correspond 
with the existence of a definite Ttydrate. 
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Analcite has been synthesized by hydrothdnnal processes, working under 
press. C. Doelter said the sphere of existence of analcite at high press, is from about 
ISO’-bOO”. The reaction with nephelite is reversible; using simplified formula): 
2 N 8 AlSi 04 +H 20 ?)!NaA 102 -)-NaAl(Si 03 ) 2 .H 20 ; raising the temp, favours the 
system on the left, and conversely. Thus, he obtained analcite by heating nephelite 
with an aq. soln. of alkali carbonate in presence of free carbon dioxide at 200°; 
and with water and analcite at 400° he obtained some nephelite. If C. R. van Hise 
is right in saying that there is a 5'49 per cent, increase in vol. when nephelite 
passes into analcite, a high press, is not suited for tlic conversion of nephelite into 
analcite. J. Lemberg, and 8. J. Thiigutt showed that when leucite is heated to 
180°-195° along with a soln. of sodium chloride or carbonate, analcite is formed. 
The reaction is reversible. Tliey also obtained analcite by the prolonged digestion 
of andesine or oligoclasc with a soln. of sodium carbonate at 210°-220°. 
8. J. Thugutt found the reaction with andesine is not reversible. E. A, 8tephen8on 
obtained analcite by the action of soln. of sodium carbonate or hydrocarbonato 
on adularia at temp, ranging from 183°- 23.3°. C. Doelter represents the conversion 
of albitc into analcite as a reversible reaction: NaAl(Si 03 ) 2 .H 20 -l- 8 i 02 ?='H 20 
-f NaAlSi308, when the left to right reaction requires a high temp.—over 420°, 
according to C. Doelter; over 520°, according to E. Baur. A. dc ^hulten made 
analcite by heating to 180°-190° a mixture of sodium silicate, and hydroxide, and 
water in contact with aluminous glass; and by heating to 180° for 18 lira, mixed 
soln. of sodium silicate and aluminate in proper proportions. C. Friedel and 
E. Sarasin prepared analcite by heafing jirecipitated aluminium silicate, sodium 
silicate, and water in a sealed tube at ,500°. E. Baur likewise made analcite, crystals 
from a mixture of silica, sodium aluminate, aluminium hydroxide, and water in a 
steel tube at .350"- 4,50°; and 0. Doelter also formed analcite from mixtures of soln. 
of silica, alumina, and soda, or of silicic acid, aluminium chloride, and sodium 
carbonate at ](K)°-4(X)'. .1. Kdnigsberger and W. J. Muller found that the formation 
of zeolites, in the absence of carbon dioxide in the system, KvO ALO;) Si 02 - HoO, 
commences below 100°, and may increase, up to 4(X)°, but probably their limit of 
stability, with the exception of analcite, is below 300". 

Analcite, is readily formed as a secondary nnneral, the product of the so-called 
zi'nlilization ; and when formed with other zeolites, it is one of tin' first to appear. 
Alterations of leucite into analcite, have been olwerved by A. 8auer,*''^ F. Zambonini, 
J. E. Hibsch, H. 8. Washington, 8. J. 'J'hugutt, W. 11. Weed and L. V. Pirsson, 
J. F. Williams, E. 8cacchi, E. Hnssak, ete.; and W. C. Brdggcr noted the for¬ 
mation of analcite from ela-olite and .Tgirite. Analcite mayal.so be formed us a 
j>yrogenic, primary mineral in deeji-.seated rock,s, where it was ])robahly formed 
under iiress. Numerous obaervalions have been reported in support of this 
statement. 

Analcite may occur massive or granular; in composite groH])3 of crystals, or 
in single crystals, iisnally in trapezohedra, or cubes, belonging to the cubic system. 
The cleavage is feebly cubic. Analcite may be colourless, white, or tinged grey, 
green, yellow, or red. The sp. gr. of many of the samples analyzed were determined, 
and the data range from about 2’ 15-2'35—thus, G. dal Piaz > ^ gave 2' 195; B. Popoff, 
2'2145 ; E. Billows, 2 28 ; and K. Vaceari, 2'35. J. Konigsberger and W. .1. Muller 
gave 2'2 for the sp. gr. of the artificial drystals. G. Friedel found that the expulsion 
of water from analcite is attended by a contraction, thus: 


Water lost 

. 0 . 

3«d 

6 -2J) 

8 02 j>er cent. 

Sp. gr, . 

. 2-277 • 

2-205 

2-150 

2-141 

Contraction . 

. 0 r 

0-5 

0-88 

2 -J6 per cent. 


After a prolonged ignition, the sp. gr. rose to 2 437. The, hardness of analcite is 
between 5 and 5J. G. Friedel found that when analcite is heated so that it 
loses water, it retains its original form and the refractive index is increased. At 
ordinary temp., the dehydrated mineral does not riesorb water, but at about 100°, 
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it will absorb water from the air 4nd return to its original composition. C. Doeltor 
found melted analcite gives no crystalline products on cooling. F. Pfafl found the 
mean coeff. of linear expansion between 0" and IW to be 0 0009261; A. Bartoli 
gave for the sp. ht., 0 226 between 23“ and 100°, and 0'246 between 29° and 492°. 
G. Tammann gave for the heat of the formation 8t)-22 Cals', per mol, or 0'215 Cal. 
per gram. 0. Mulert found the heat of soln. in dil. acid to be 0-5688 Cal. per gram. 
According to G. Friedel, if the dehydrate mineral be mixed with a few drops of 
water, combination occurs with great energy; heat is evolved, and at the same time 
much air is liberated; the resorption of water by analcite is attended by the 
evolution of 740 cals, per gram. A. des Cloizeaux gave for the index of refraction 
1'4874 for the red ray; C. S. Ross and E. V. Shannon gave 1-486; and K. Ziumnyi, 
1-4861-1-4881 for the yellow ray. ,1. Kimigsberger and \V. ,J. Muller found the re¬ 
fractive indices of artificial analcite arc perceptibly higher tiian that of the natural. 

Although the crystals belong to the cubic system and arc isotropic, 1). Brew.ster 
noticed that they are sometimes optically anomalous, and exhibit a weak double 
refraction. The phenomenon was studied by J. B. Biot, A. des Cloizeaux, A. de 
iSchulten, E. Bertrand, A. von Lasaulx, C. Stadtlander, G. Friedel, A. Merian, 
A. Arzruni and S. Koch, R. Brauns, etc. A. Schrauf regards the crystals as pseudo- 
cubic and describes them as complex twins belonging to the rhombic system ; and 
E. Mallard proposed a similar explanation. A. Ben-Suade (Explained the 
phenomenon as a re,suit of internal strains, and obtained similar effects from 
solidified gelatine cast in niouhis. 0, Klein showed that when heated in on atm. 
of water vap, or placed in hot water, the hnoumlous erystuls bi'oame isolrojiic, 
while with a dry heat, the birefringence was increased. Ifenia--, he attributed the 
anomalous effect to the change in mol. arrangement which results from the loss of 
a little water. F. Rinne found that analcite which ha.s been ignited is triclinic, and 
he calls the product scxia-lemle, which is analogous with potash- or ordinary leueite 
m the same sense that monochnic potash-felspar is analogous with triclinic soda- 
felspar. T. Licbisch and II. Rubens found the reflection spectrum in the ultra-red 
had a maximum over 10/z, and a minimum at 8 ()p. K. Brieger found a maximum 
corre.sjionding with that of water. W. W. Coblentz found the ultra-red transmission 
spectrum of analcite has the water bands at l-5ft, 2 fi, and 4-7/t quite obliterated, 
t;. Ooelter found that in a thin layer analcite is transparent to the X-ray.s, hut in 
layers over 3 mm. it is almost opaque. ,f. Kimigsberger and W. .7. Miiller found 
6 7 for tlie dielectric eonstant. 

(1. A. Kenngott,'' and E. W. Hoffmann found that analcite inoistenml with 
water has an alkaline reaction. G. Steiger found analcite to be markedly sohilile 
in water. According to G. Friedel, the water in the zeolites is not in chejiiical 
combination in the common sense of the word, and it can be replaced by various 
gases, and even by solids such as silica, without alteration in the crystalline form or 
optical projierties of the minerals. Dehydrated analcite absorbs ammonia in large 
quantity with great energy and development of heat, the quantity absorbed 
being independent of the nature of the zeolite and proportional to the quantity of 
water previou.dy expelled. When exposed to moist air, the ammonia is gradually 
expelled; and its place is taken by water. In the case of analcite the analogy is 
very close; the ammonia, like water, is not absorbed by the mineral if dehydrated 
below 100 ”, and it is not displaced by atm. moistufc at the ordinary temp. 
,1. Kdnigsberger and W. J. Muller found that analcite dissolves in hydrochloric acid 
often leaving a skeleton of gelatinous, silica. C. G. C. Bischof found that a soln. 
of calcium sulphate displaces some sodium, from analcite. J. Lemberg studied 
the action of soln. of sodium and potassium carbonates; ammonium, potassium, 
and sodium chlorides; potassium hydroxide; and calcium chloride. In general, 
there is an interchange of bases; with sodium silicate a substance like cancrinite 
is formed with SiOj in place of CO 3 . F. W. Clarke, and G. Steiger examined the 
action of ammoniimi chloride vap. in sealed tubes at about 3.50°, and, as indi(at(nl 
above, obtained ammonium-abalcite. G. Steiger studied the action of soln. of 



648 


INORGANIC AND THEORETICAL CHEMISTRY 


silver nitrate, and obtained tdm-antMe, ov*silver duminium dimetasilicale, 
AgAliSiOslj.HjO. H. C. McNeil studied the action of barium chloride on the 
mineral and obtained a harium-analcite. 

, J. J. Pcrber,>5 I.^S. R. 1. Eques a Bora, N. T. de Saussure, B. G. Sage, 
J. B. L, Rome de I’lsloWl C. A. S. Hoffmann referred to weisse Granaten, bmdtes 
albiis, gremds Wines, or white garnet occurring at Vesuvius and Monte Somma. 
They said that it is a garnet which has been iMrh par une vapeur adde qui ayant 
dissout lefer n lamb lesyrinats dans un Hat de bhncMur. A. G. Werner distinguished 
the mineral from garnet, and called it leudte—from Xtiisos, white—in allusion 
to its colour. R. J, Haiiy proposed amphigbne —from op</)i, both; and ytVo?, 
kind—in allusion to the supposed existence of cleavage in two directions. 
M. H. Klaproth analyzed the mineral, and said: 

I was surprised in an unexpectrst manner by discovering a constituent part consisting 
of a snbetanco whoso e.xi8tenco, certainly, no one person would have conjectured within 
the limits of tlio mineral kingdom. . . . This constituent part of leucito is no other 
than potaah, which, hitherto, has boon thought exclusively to Itelong to the vegetable 
kingdom, and has, on this account, been callfsl vcgotahlo alkali. 

M. H. Klaproth’s analysis was tpiite good. A. von Awdejeff found sods to be 
also present; T. Richter (letceted traces of lithia; and J. L. Smith, traces of csesia 
and rubidia. Many other analyses have been madc.i® C. Matignon ” and others 
have described various deposits and the methods of working them as a source of 
potassium salts for agriculture, etc.- C. F. Rammclsbcrg’s summary w of the 
analyses corresponded with the formula K 20 .Al 203 . 2 Si 02 , or KAlSi 20 (j, t'.e, potas¬ 
sium aluminium dimetasilicate. Up to about 6 5 per cent, of NsjO may also be 
jiresent. This i.s nut likely to be. present as albite, and it is assumed that a 
soda-kwite is associated with potash-leueite. Soda-leucitc does not occur in 
nature, but sodium aluminium diinetasilieate, NaAl(SiO, 3 ) 2 , has Ireim made by 
,1. Litmberg, also replaced the iiolassium in leueite by be,ryllium. S. J. Thugutt 
infers that leueite is really a jwlymer, and is the jiotassium salt of a complex acid, 
H. 2 Al.j(Si 03 ) 2 .wll 20 . F. W. Clarke also believes that the ordinary formula should 
be quailrupled, making 

Al.-ffijO, - AK® J '■.Al Si(),.-Al 

analogous to sodalile (g.u.). 0. Tsehermak stiulied the silicic acid liberated when 
leueite is treated with hydrochloric acid at room Kmij)., and be called the product 
Iriicilic acid -ride supra. His formula for leueite is therefore KO.SiO.O.SiOj.Al. 
F. W. Clarke showed that although leueite and analcite are usually separated in 
mineralogical systems of elassibcation, for one is placed with felspars ami the other 
with zeolites, ycl they are so similar in form, composition, and properties, that the,y 
cannot be adequately studied apart. 

Leueite is a comparatively rare mineral; it is common in recent lavas; but it 
is not found in the older deep-seated rocks. This may bo due to its easy alteration 
into other species, more probably due to the instability below the. temp. 1170°, 
when it passes into orthoclasc if silica be present: KAl(Si 03 ) 2 -t-Si 0 . 2 =KAISi 303 — 
vide Fig. 154. It is formwl in rock mhgmas only when the potassium is in excess 
of that required for the production of felspar; and A. E. Lagorio found that in 
a leueite-tephrite magma, kept at red heat, laucito crystallizes out; and if the temp, 
be raised, the leueite dissolves, whJo.if lowered, the mass becomes so viscous that 
crystallization ceases. This empljasizea the narrow range of temp, in the formation 
of leueite in rock magmas. A. Himmclbauer found leueite is formed when analcite 
is digested with a mixed soln. of potassium hydroxide and chloride —vide infra. 
F. Fouqui and A. Michel-LAvy showed that leueite can be formed by simply 
fusing together its constituent oxides, and also, glong with other minerals, by 
fusing various rock magmas— e.g. a mixture of biotitc and microclino; C. Doeltet 
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obtained it when muscovite, lepidolite. or zinnwaldite are fused alone; and 
G. W. Morey and N. L. Bowen, by heating orthoclaso ((/.n.) above 1170°. Similar 
observations were made by K. Petrasch, K. Schmutz, G. Medanich, J. Lenarcie, 
and K. Bauer. P. Hautefeuillc also fused a mixture of potassium aluminate and 
vanadate, and silica at 800°-900° for nearly a month, and obtained measurable 
crystals of leucite; similar crystals were obtained by fusing muscovite or a mixture 
of the constituent oxides along with potassium vanadate. S. Meunier made leucite 
by the action of silicon tetrachloride on aluminium turnings impregnated with 
alkali-lye; A. Duboin, by fusing a silicic acid or potassium fluosilicate and alumina 
in the presence of an e.xcess of potasssiiim fluoride ; and C. and G. Friedel, liydro- 
thermally, by heating a mixture of muscovite, silica, and potash-lye in a steel 
tube at 500°. 

F. Fouque and A. Michel-Levy suppose that a lilhin-Undte i.s (difained of sp. gr. 
2'41, by fusing a mixture of silica, alumina, and an excess of lithium vanadate 
or tungstate. It is not clear if this product i.s not after all a spodumene. Spodumene 
itself is trimorphous. According to ('. Doelter, when potash-lithia mica is melted 
there is an isomorphous mixture of KAIlSiOij)^ and LiAllSiOj).^ formed ; anil it is 
therefore assumed that spodumene can also cry.stallizc in the form of leucite. 
Jadeite and glaucophane are probably related to a soda-kucilc and (V Doelter 
made soda-lcucitc by melting a mixture of andalusite and sodium fluoride. 
P. Hautefeuillc and A. I’errey made crystals of what they regarded as («'r(///«( /e»eife, 
Klie(SiO:]) 2 ; and P. Haiitefeuille, ery.stajs of frrrMeucite, KFe(SiO ;,).2 I'li/e 
silicates of beryllium and of iron. 

Leucite occurs in jiseuilo-eubic crystals; in disseminated grains; and is rarely 
massive and granular. The colour is white, ash-grey, or smoke-grey. Leucite 
crystallizes in icositefrahedra which are so characteristic that 
this form has been called the leiiriloheilmii. Fig. 197, by (!. voni 
Rath.2*> In consequence, up to about 187(1 the crystals were 
said to belong to the cubic .system. About 50 years earlier, 
bowever, D. Brewster showed that the crystals arc birefringent, 
and even biaxial in parts. These peculiarities were supjiosed to 
be the result, of internal strains set up during crystallization as 
a result of cooling; and to bo similar to the double refraction Pm. 137. Iciiai- 
observed in chilled or compressed glass. J. B. Biot, A. des telrnliwlral beii- 
Dloizcaux, and F. Zirkcl showed that the crystals are traversed by 
twinlamelhu parallel to the four faces, (Oil), (Oll), (lOI), anil (101), 
of the dodecahedron ; and the ojitical anomaly was accordingly attributed to 
the lamellar structure. If the dodecahedral face be a plane of .symmetry, it 
cannot also be a twinning plane, and the Aystals cannot therefore be cubic. 
G. vom Rath then showed that the angles between the faces are not those of 
the icositetrahedron which should be 48° llj'; actually, the terminal faces, o, 
are inclined at an angle 49° !>T and the lateral faces, i, 48° 37'. He, therefore 
suggested that leucite belongs to the tetragonal system, and consists of a ts'tragonal 
bipyramid, o(112), and a ditetragonal bipyramid, i(211), twinned on the faces of the 
tetragonal bipyramid, (101). H. Baumhaucr found the corrosion figures agreed with 
those of the tetragonal sydem. The subject was discussed by A. Scacchi, J. Hirsch- 
wald, A. des Cloizeaux, G. Tschermak, and V. Groth. K the crystals be tetragonal, 
they should be uniaxial; but although they are uniaxial in parts, they arc, biaxial 
in other parts. E. Mallard considerrfl that tl^ uniaxial parts arc due to the over¬ 
lapping of biaxial lamellse ; so that the cryatals are, really biaxial, and that their 
symmetry cannot be higher than that of the rhombic system. E. Mallyd said that, 
optically, the crystals are monochnic ; ami F. Fouque and A. Michel-Levy, triclinic. 
Later, A. Weisbach showed that the crystals arc more probably rhombic (i) with 
twin lamellse parallel to the dodecahedron faces (110) and (110); (ii) referable 
to their rectangular axes in which the lateral axes are so nearly equal that angular 
measurements do not distinguish between tetragonal and rhombic symmetry; and 
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(iii) traversed by so numerous and fine twin lameM® that it is difficult to observe 
the biaxial figure of a homogeneous single crystal at any point in convergent light. 

C. Klein showed that when the temp, of a section of leucite is heated to the begin¬ 
ning of redness, between crossed nicols, a dark shadow extends across the plate, 
and the leucite is then iSotropic f H. Rosenbusch further showed that the twinning 
striations disappear on heating, and reappear in new positions on cooling. At the 
higher temp., therefore, leucite really belongs to the cubic system, and, on cooling, 
it probably breaks up into rhombic sections. S. L. Penfield, and 0. Mtigge gave 
660° for the temp, of the enantiotropic change: a-leucitei=iR-leucite. F. Rinne 
and E. Kolb .said that at 684° the double refraetion begins to diminish, and at 714° 
the crystals are isotrojiic. The transition is so sluggish that there appears an interval 
of .K)" between the beginning and the end of the change. R. Lorenz and W. Herz 
studied the relation between the transition temp, and the m.p. 

0. Doelter found the velocity of crystallization of leucite magma to be small, 
so that the velocity curve is flattened, L. Colomba investigated the influence of 
the cooling conditions on the transformation ; and he found that a uniform press, 
of 61KX) atm. has no appreciable influence. Skeleton forms of the crystals some- 

. ^ times appear; and L. V. I’irsson 


drawn a number of these 
representing various stages of 
i growth. A selection is given in 

Mo. 138.-bkeleton Crystals ot Loucto. 

fold cubic axes, /f. Fig. 138; in B, these are thickened at the ends; and in C, 
the tliickening has spread, and the icositetrahedron begins to appear. In the 
diagrams, the blackened areas represent the glassy base with inclusions. Spurs 
then a])|iear along a two-fold axis as in 1); and when these reach the margin, 
the form of the icositetrahedron is eom))lcte, E, and F, Fig. 138. Leucite may be 
free from inclusions, or inclusions of gas, glass, liquids, and minerals may occur. 
These minerals crystallized before the leucite, and they inelude augite, olivine, 
haiiyne, nephelite, melanite, magnetite, picotite, and apatite. The inclusions may 
be arranged in clusters at the, centre of the ery.stal; in one or more concentric 
zones; or in radial lines. The reason for the radial arrangement is indicated by 
L. V. I’irsson’s study of the growth of tlii' crystals. Some magma was first shut 
in, and afterwards .separated into crystals, L. Oolomba showed that crystals 
which have been formed in rajiiilly cooling rocks are apt to manifest anomalous 
charncters, anil a sectored structure. F. Zirkel, and H. Rosenbusch have made 


a special study of the inclusions. 

The sp. gr. of leucite ranges friuii 2'4.6-2'50~.I. A. Douglas-* gave 2’480 for 
the crystals, and 2'410 for the glass. V, Goldschmidt gave 2 464 for the crystals ; 
G. F. Rammelsberg, 2’468-2'484 ; G. voni Rath, 2'471); L. Ricciardi, 2'48(l; and 
G. Tsehermak, 2'469, The sp. gr. of many of the samphis analyzed was also deter¬ 
mined. The hardness is 5-6. J. .loly gave 0T912 for the sp. ht., and G. Tammann, 
OT78 for crystalline, and 0 175 for glassy leucite between 20" and 1(K)°. The heat 
of solii. of crystalline leucite in 20 |K’r cent, hydrofluoric acid is 507 cals, per gram, 
and of amorphous glassy leucite, ,533 cals, per gram; hence the heat of crystalliza¬ 
tion is 26 cals, per gram. J). 1). Jacksan and J. .1, Morgan found the vap. press, 
of the alkali vap. of leucite to b(! negligibly small below 1350°. According to 
0. Mulert, the heat of soln. in 20 per cent, hydrofluoric acid is 0'5187 Cal. per 
gram, or 226 8 Cals, per mol., ani the heat of formation KoO-( Al 203 -t tSiOj 
(amorphousj-^KuO.Ah^Oj.tSiO.^ (orystslline)-l-101'8 Cals. The mineral is said to 
be infusible in the ordinary blowpi\)e flame ; G. Spezia fused it in a flame fed with 
oxygon. R. Cusack gave 1298° for the m.p.; A. li. Fletcher, 1348°; A. Brun, 
1270°; and C. Doelter, 1275°-1315°. 

The indices of refraction, according to A. des Cloizeaux,^^ arc a=l’508, and 
y-l'S09 for sodium light; K. Zimanyi obtained'1'5086. H. Rosenbusch, and 
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A. des Cloizeaux found very smal^crystab to be ieotropio, and in thin sections, leuoite 
is usually isotropic. F. Einne and R. Kolb found the dispersion for a-leiieite at 
21” from ^ to e, 0 0142; and for /3-leucitc, at 750°, 0 0150. They gave for the 
indices of refraction of a-leucite at 21”, and j8-leucito at 750”: 

Line .. A B 0 D, P G 

o-leucite . 1-6046 1-5054 1-5061 1-6088 1-6146 1'6I88 

^-leucite . 1-4903 1-4912 1-4921 1 4947 1-6009 1-6063 

The crystals are optically positive, but G. Tschermak found a specimen from 
Acquaacetosa to bo optically negative. J. Schincaglia investigated the phoaiihor- 
cscence of leucite; C. Docltcr found that it is not luminescent with radium rays; 
and that it is equal to muscovite in transparency to X-rays, W. Vernadsky did 
not find leucite tribolumincscent. 

G. A. Kenngott 23 found that the moistened powder of leucite has a stronger 
alkaline reaction than potash-felspar. J. Lemberg found that soln. of sodium 
chloride or carbonate transformed leucite into analcite. He investigated the action 
of soln. of sodium silicate in an autoclave at 19()”- 2l)0”, and found the potassium 
was displaced by .sodium, and analcite was formed. A. Hiinmelbauer showed that 
when analcite is digested with a mixed soln. t)f potassium hydroxide and chloride, 
leucite is formed. The reaction is reversible, KAlfSiOalo-] NaCl-l-ILOr'ILO 
I KGl-f-NaAlfSiOs).;. Similar results were obtained by S. J. Thugutt, who said 
that the reaction progresses from left to right as well at ordinary temj). as it does at 
2IX)” ; and in dil. soln. as in cone. soln. He also found that the eonqdex is very 
stable; leucite is slightly soluble in a one per eent. soln. of potash-lye at about 2tK)“; 
and it is not decomposed, but with a 3t) jjer cent. soln. of alkali-lye, the leucite is 
decomposed, forming a substance resembling ne))lielite. II. Lotz found that a 
mixture of steam, air, carbon dioxide, and sulphur dioxide decomposes leucite. 
G. Tammann and C. F. Grevemeyer found that magnesia does not act on leucite 
at lOtXt”; lime acts slowly at 500”; and baryta arts strongly at 275‘’-.‘)f)0'’. 
Several methods have, been jiroposed lor the extraction of |iotash from lencitc-- 
e.q. by (J. Montemartini, G. A. Blanc, G. Jtozzi, and .1. W. Hinchley- vidr 2. 20, 4. 

G. Steiger heated leucite, with a soln. of thallium nitrate at 200"-290“, and 
obtained a substitution product ihaWhim-hnrilc. The natural transformation of 
leucite into analcite has been studied by A. Knop, C. F. Rammelsberg, A. Saner, 
G. G, C. Bischof, and 0. R. van Hise ; into a zeolite, by E. t'asoria, and J. Lemberg; 
into kaolinite, by E, Casorio, and 0. R. van Hise ; into orthoclase and muscovite, 
by J. F. Williams, E. Scacchi, G. F, Kunz, E. Hussak, V. R. van Hise, J. R. Blum, 
G. Bergemann, and A. Sauer; into calcium cancrinite, by 0. Freda, F. Zambonini, 
A. Lacroix, C. Doclter, and J. Lemberg; into kaliophilite, by F. Zambonini, and 

G. vom Rath ; and into a mixture of nephelite and aanidine— the so-called fmido- 
/etiC»Ve--by A. Sauer, T, T. Read and G. W. Knight, and J. Shand. F. Zambonini 
found pseudomorphs of nephelite after leucite and of leucite alter nephelite (j.ti.). 
The action of sodium hydroxide and various salt soln. on leucite was studied by 

H. Schneiderhiilm. 

0. B-. Bdggild 24 applied the term Mssingttc—after N. V. Ussing—to a reddish- 
violet-colourcd, triclinic mineral from Kangerdluarsuk, Greenland. The analyses 
correspond with sodium aluminium hydiotrimetasilicate, Na 2 lIAI(Si 03 )j. Its 
sp. gr. is 2 495; and hardness 6-7. The indices of refraction arc a- 1'5037, 
(8=1 5082, and y=l-5454; the birefringence is feeble. The axial angles are 
2F=39° 4', and 2E=60° 34'. It is optically positive, and is decomposed by 
hydrochloric acid with the separation of gelatinous silica. 

In 1800, M. F, R. d’Andrada 26 described if mineral which he found at Uto, 
Sodermanland, Sweden, and named it petalite— presumably from mnAov, a leaf, 
in allusion to the cleavage. A few years later, E. T. Svedenstierna, and R. J. Hatiy 
gave more detailed descriptions, and A. Arfvcdson found lithia in the mineral; 
E. T. Svedenstierna called ‘it lUhite; and E. D. Clarke called it bertelile. 
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A. Breithanpt described a mineral from Elba, anfl caUed it castor—after Castor in 
heathen mythology. G. Rose showed that castor and petalite are similar, and 
A. des Cloiseaux showed that they have the same optical properties and cleavage. 
Analyses were made by A. Arfvedson, C. 6. Gmelin, R. Hagen, C. F. Rammelsberg, 
A. Brcithaupt, W. S. von Waitefshauscn, K. Sonden, F. W. Clarke, J. L. Smith and 
G. J. Brush, and P. von Jeremejeff. A. des Cloizeaux showed that petalite is in 
some respects like spodiimene, and C. J. Rammelsberg assumed that the two 
minerals contained different proportionsof the two’ 8 ilioates,Li 28 i 2068 ndAl 2 (Si 205 ) 3 . 
C. Doelter discussed the relation of petalite to spodiimene, and he considered that 
the idealized mineral was best represented by the formula Li 2 Al 2 Siio 024 ; and 
P. Groth represented it by IjAlSi 40 io, or LiAl(Si 205 ) 2 , that is, lithium aiumiuium 
dimesosilicate. R. Ballo and E. Dittler synthesized petalite by fusing lithium 
metaliiminate and silica’; and they found that it corresponds with a maximum at 
IW in the f.ji. curve of the binary system, LiA 102 -Si 02 . 

Petalite, commonly occurs in foliated masses, colourless, white, grey, or tinged 
yellow or green. Crystals are rare, and commonly tabular. A. Breitbaupt noted 
that the, crystals are monoclinic, and A. des Cloizeaux gave the, axial ratios o: 6: c 
--M.Ml: 1:0'7i36,andj3=67°34'. _Thc(001)cleavagei8Complcte,the(201)good, 
and the (905) is imperfect. A. des Cloizeaux found the optic axial angle 2H-=86° 24'- 
86 ° 27J' for the red ray; 86° 28'-86° 30J' for the yellow ray; and 86° 42'-86° 43' 
for the blue ray. The sp, gr. of petalite ranges from 2'4-2'5. R, Ballo and R. Dittler 
gave 2'290 for the sp. gr. of the glass; {he hardness is over 6. P. E. W. Oeberg gave 
()'2.36 for the sp. ht. A. Brun found the m.p. to be 1270°; and R. Ballo and 
E. Dittler gave. 1370° for the m.p. of petalite from Elba. The last-named found that 
petalite. between 1(K10° and 1100° becomes optically uniaxial; and at 12(X)°, optically 
isotropic. R. Lorenz and W. Herz studied the relation between the m.p. and the 
transition temp. A. des Cloizeaux found the refractive index )3i 1'5078, 1'50!)6, 
and 1'5180 respectively for the red, yellow, and blue-rays. A. Michcl-Levy and 
A. Lacroix gave a- 1'504, j8-~l'510, and y=d'516 ; and the birefringence is strong, 
y-a 0'0I2. A. des Cloizeaux found a rise of teni]). up to 170° 8' produced no 
appreciable change in the refractive index. R. Ballo and E. Dittler gave l'4y46 
for the refractive index of glassy petalite. The optical character is positive. When 
gently heated, petalite, exhibits a faint blue therniolumincscenee. 0. A. Kenngott 
found the moistened powdered mineral reacts alkaline, and if previously calcined, 
the alkalinity is leas inten.se. Petalite is attacked by hydrofluoric acid, but not by 
other acids. 'I’he so-called hydrocaHorile. is a decomposition product of petalite or 
castor from Elba. It occurs in needle-like crystals of sp. gr. 2'16, and hardness 2. 

It was described and analyzed by G. Grattarola,-* and F. Sansoni. The analyses 
agree roughly with F. W. Clarke’s formula, H.Si 205 .Al( 0 H) 2 , aluminium dihydroxy- 
hydromesodisUimle. Vide lepidolito for lithium trialuminium hcxahydroxydimela- 
silicate. 

Dillercnt varieties of the zeolite now called natrolite— from miroti, soda—were 
at first designated by an adjectival prefix. Thus, A. Cronstedt,^’ 1. S. R. I. Eques 
a Born, A. G. Werner, and J. B. L. Rom6 de I’Isle, spoke, of the, zeolites crystallmtus, 
prismalictis, capillaris, ete. C. J. Selb designated a variety from Hbgau, hogauite, 
and M. H. Klaproth, natrolite. Natrolite, wa.s at first confused with the related 
minerals mesotype or mesolite, and scolecito (i/.e.), and natrolite was for a time 
called by .1. N. von Fuchs, and others, soda-umotyjie or soda-mesolite, to distinguish 
it from limc-mesotype or scolecito. i 

Colourless aoieular crysteb of natipUte with up to 4 per cent, of lime were referred to 
by 0. A. Kenngott, and E. F. Glocker. The mineral from South Scotland was called galacite 
—from yiXa, milk—in allusion to the colour. A red sample from Glen Farg was called 
fargitr by M. F. Heddle. The natrolite from Langesund fionl, Norway, was called radialite 
.by ,T. Esmark, in allusion to its occurring in radiating masses; hergimnnite, by 
F. Schumacher—after T. Bergman—or Npmistefn, which T. Scheerer regarded as a para- 
y_ 3 rph after an unknown mineral which he called palaQ-tmlroliU, but W. C. BrOgger showed 
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that it ia an impure natroHte derivecf from Rodalite aud canorinite; and brevtVtlr, by F. StrOm. 
The last-named mineral was analyzed by K. Soudan. The crocaliU of A. Kstner is a red 
zeolite resembling bergmannite. The satafe of 0. Menegh'ni—named after F. Savi-—found 
in the serpentine of Monte Caporciono, Italy, was sliown by E. Mattirolo, A. des Cloizeaux, 
Q. Sella, and E. Artini to be identical with natrolito. ^ho iron-twUrolite of (). Bei^mann, 
from the Brevik region, was supposed to have some alumina replaced by ferric oxide, but 
W. C. Bigger showed that the iron is derived from included ferruj^noua miuerab. 
T. Thomson’s lehuntiU —named after C. I^higit—is a natroUte from Antrim. 

Numerous analyses of natrMite have been reported.-® They can be summarized 
by the formula Na^ Al 2 Si 30 io - 2 ILO. but a little lime is usually jtrt'scnt— vide scolccite. 
The constitution of natrolitc depends on what view is taken of the state of coui- 
bination of the water --i.c. whether all or part is intrinsic or extrinsic. (1. Friedel 
investigated the dehydration curve, and found the loss very slow up to 25(V’, but 
at 280^^,the water was rapidly given off, but no break was observed in the curve. 

F. Zambonini likewise found the curve at about 1(K)‘^ is almost horizontal, but at 
300° almost vertical The curve, however, continues without a break. His data 
are: 

110“ 205’ 210“ 2(i4’ 278“ 207“ 324’ 

Wateriest . 012 010 025 0 4(i 0-81 r57 0‘41 per loiii. 

C. Hersch also made observations on this sul)j(Tt. A peculiarity is that, as first 
pointed out by A. Damour, the water w resorbed by dehydrated natrolile. but the 
crystal does not acijuire its former trdnspai;ency and firm texture. The resorlted 
water is lost at about 90'\ F. Zambonini likened the water in the zeolites generally 
to that in hydrogels like silicic acid {q.v,). (I K. Kammelsberg assumed that the 
water is present as water of cry.stallization. 0. Friedel, and F. /amboniiii infer 
that the water is not an intrinsic part of the mol, and is eq. to neither the 
so-called constitutional water nor to the so-called water of crystallization. It is 
regarde<l as zeolilw uWcr, which many consider to be either water in solid soln. 
(F. Riniu'J, or adsorbed water (C. Hoelti’r). (J. Friedel said that the zeolitic water 
is mechanically mixed occupying the space between the structural units of the 
crystal The subject was investigated by A. Jolmsiui, and S. J. 'Ihugutt. 

G. Stoklossa believeii that the water is really combined in tlie mineral, and he con¬ 

sidered that there are four hydrates represented by breaks in tln^ rehydration curve 
of natrolite previously deliydrated at a temp, between (1° and 300°. Hence, he 
doubled the above formula, and wrote, Na 4 Al 48 i(jO 20 -^H 2 O 2 . S. J. Thugult said 
that natrolitc is fo be regarded as a salt of aluniinosilicic acid, H 2 Al 20 io*«H 20 , 
rcpresentcHl in the free state by pyrophillite and razumoffskyn. G. Tscliermak 
assumed that natrolite is a complex containing an anhydrous silicate and silicic acid, 
Na 2 Al 2 Si 208 .H 2 Si 04 ; and in general he supftoses the zeolites to be acid salts 
with part of the hydrogen replaced by sodium, calcium, aluminium, etc. C. Doelter 
extended this hypothe.sis and sliowed that the zeolites have a felspar or nephelite 
nucleus. E. Baschieri used a constitutional formula in harmony with G. Tschormak’s 
views, Na 2 : Si 04 : (Ai: SiOj : F. W. Clarke at first used a similar formula, 

but later when ho found that natrolite is transformed into AJ 2 (NH 4 ) 2 *Si 30 ]o liy the 
action of dry ammonium chloride in a sealed tube, and that the water is not 
intrinsic, he doubled the formula and wrote : 

Ojfj .:^a, 

AfeSi0,-Al<®‘;'>AI-Sia0,sA!+4H,0 

*• 

The investigators named above regard natrolite,as an orthosilicate. The formula 
Na2Al,SijOio.2HjO, used by C. F. Rammelsberg, and E. 8. Dana, makes natrolite 
appear to be dihydrated sodium dialuminium orthotrisUicale. P. Groth considered 
natrolite to be a metasilicate, and wrote Na«AI(A 10 ){Si 03 ) 3 . 2 H 20 . G. F. H. Smith 
and co-workers gave (N 8 ,K) 3 Q.Al 203 . 3 iSi 02 . 2 H 20 . r •, 

C. Doelter 8“ treated powdered natrolite with water eat. with carbon dioxide 
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in a sealed tube at 160°, and observed the re-crystallization of the mineral. 

5. J. Thugutt heated hydrated ncphclite, sodium carbonate, and carbonated water 
in a sealed tube at 200°, and obtained prismatic crystals supposed to be natrolite; 
when potassium carbonate was ^ised in place of sodium carbonate, potash-mtrolite 
was formed. J. Lemberg also found that there is an exchange of potassium for 
sodium when a soln. of potassium carbonate is allowed to act on natrolite for a few 
months; the action is reversed by sodiUbi carbonate. The formation of natrolite 
in nature has been investigated by J. B. Hibsch, A. Relikan, A. Brun, C. N. Fenner, 
etc. 

Natrolite i.s colourless, white, grey, yellow, or red. It is not commonly found 
massive, but it often occurs in masses of radiating fibres with a silky lustre, and 
also in slender prismatic crystals. J. N. von Fuchs and A. F. Gehlen si regarded 
the crystals as rhombic; G. Rose, as monocbnic; and later, G. Rose and P. Riess 
found them to be rhombic. W. C. Brogger gave for the axial ratios of the rhombic 
crystals a:b: c=0'97852 :1:0'35362. Observations were also made by E. Artini, 
0. Luedecke, G. F. U. Smith and co-workers, S. Richarz, J. E. Hibsch, R. Gorgey, 

6 . Oosaro, A. Scheit, and G. B. Negri, S. J. Thugutt obtained what he regarded as 
a monoclinic form of natrobte whieh he called epimtrolile from Schomitz near 
Carlsbad. He found the action of silver nitrate {mixed with some potassium 
cliroraatc) to be far more rapid than is the case with rhombic natrolite. It is also 
suggested that natrolite is derived from nephelite, and cpinatrolitc from haiiyne. 
A. von Lasaulx, and W. C. Brogger also observed monoclinic forms with, according 
to the latter, the axial ratios a : i; c=l'0165:1:0'35991, and ^==89° 54'; and 
S. Kreutz, 0'97853:1:0’35362, and j8=:90“. The mouoclinic form is isoraorphous 
with scolocite. The relationships have been discussed by S. Kreutz, and 
G. Tschermak. Some of the rhombic crystals can be regarded as monoelinic twins. 
The twinning has been discussed by C. Stadtliinder, V. von Lang, and 0. Luedecke. 
The cleavage parallel to the (110)-face is perfect; and that parallel to the (OlO)-face 
is imperfect, perhaps only a plane of parting. The plane of the optic axes is parallel 
to the (OlO)-face; the optic axial angle is large. W. C. Brogger gave 2//„=6r 29'- 
62° 25J' for Li-light; 01“ 37'-62° 41' for Na-light; and 01° 46'- 02“ 50J' for Tl-light; 
2ffo--n8° 8'-121° 1' for Li-light; 118“ 2'-120“ 47' tor Na-light; and 117° 53'- 
120° 24' for Tl-light; 2£ ^98“ IJ' for Li-light, 98° 58' for Na-light, and 99“ 34' 
for Tl-light; and for 2K, 00“ 51'-C3° 16J' for Li-light; 01“ J'-G2“ 291' for Na-light; 
and 61° 13J'-02“ 39J' for Tl-light. B, Mauritz gave 2F.;--00“. Observations were 
also made by K. Zimsnyi, E. Artini, and E. Palla. For red light, A. des Cloizeaux 
found that 2E changed from 98° 33' at 8’8° to 95° 0' at 105’5“; and with another 
sample, from 98° 58' at 15° to 90° 55' at 307'9°. 

'I'he sp. gr. of many of the samples analyzed were determined, and the results 
range from 2'2-2'5 ; the hardness is 5 or just about 5. J. Joly gave for the sp. ht., 
0-23689-0’23819 between 11° and 100°. F. Binne showed that when heated clear 
crystals of natrolite become turbid as the water is evolved, but they become clear 
again when dipped in oil. The optical properties of dehydrated natrolite corre¬ 
spond with that of a monoclinic substance which he called mdamlioKle. No 
change in the geometrical form accompanies the mol. change. For the action of 
heat on the water-content of natrolite. vide supra. G. 'I’ammann found that in 
an atm. with the vap. preSs. of water p mm., the percentage loss of water from a 
sample of natrolite with 10'4 per cent, of water was: 

p ... . U-6 12-3 91 21 0-4 mm. 

Loss .... 031 0 26 039 0 61 0 70 per cent. 

0. Mulert found the heat of soln. in dil. hydrofluoric acid to be 0'5446 Cal. per 
gram; and the heat of formation, 95'76 Cals. The indices of refraction for Na-light 
by K. Zimanyi, A. des Cloizeaux, H. C. Backlund, B. Mauritz, W. C. Brogger, 
and A. Pelikan ranged from a.=l'47543-l-47813; j8=l ■47897-1-48080; and 
y--l-48866-l-49047. S. Q. Gordon gave a=l-480, ^-•=l-482, and y=l’493, with 
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y—o=0‘013—wiie thomsonite and scolecite. The corresponding birefringence is 
y—a=0'0008, y—^=00001; a=00004. 0. B. Boggild found the double 

refraction of natrolitc to be rather strong, alinok 001; and the extinction 
parallel. J. Konigsberger and W. J. Muller foipid the index of refraction and 
birefringence were not perceptibly changed by digesting natrolitc in a 25 per cent, 
soln. of [wtassium chloride. The optical character of nalrolito is positive. 
B. Engclhardt found the crystals exhiSi# a yellow fluorescence. W. W. (’oblentz 
found the ultra-red tran,smi8"ion spectrum of natrolitc showed the presence of 
water bands in their usual positions ( 1 . 0 , 10 ); and in the ultra-red reflection 
spectrum, there are maxima at i) 05/i, O’S/c, and lO OOp beyond which the reflect¬ 
ing power remains higher up to 12/i. G. W. llankel examined the pyroelectric 
qualities of natrolitc ; and 0. Weigel, the electrical conductivity. 

Natrolite adsorbs moisture from the atm., and this the more the finer the slate 
of subdivision of the powdered mineral. 8. J. Thugutt*- could find no ndatiou 
between the newly adsorbed water and that already contained in the mineral. 
The amount adsorbed is a function of the grain-size or surface energy, the jmrtisl 
press, of the moisture in the atm., and the time of exposure. This subject was 
also investigated by W. F. Hillebrand. Powdered natroldc nioi.slened with water 
was found by G. A. Kenngott to have an alkaline reaction ; and A. Damour found 
that the soln. obtained by dige.sting dehydrated uatroliti! in water has an alkaline 
reaction. G. Steiger found that by digesting l)'5 grm. of natrolite in 50 c.c. of water 
at 21" for a month, O'flO per cent, of alkali was dissolved by the water ; 15'7i) per 
cent, remained in the mineral. C. Doelter, and 8. J. Tbugutt made observations 
on this subject. J. Lemberg found that 8'37 per cent, of soila was removed from 
natrolite by 687 hrs.’ digestion with water at 250°. G. H. A. Eichhorn found that 
a soln. of calcium chloride has but a alight action on natrolite. 8. J. Tbugutt 
studied the action of soln. of potassium and sodium carbonate, potassium and 
sodium chloride, and calcium chloride on natrolite, and found that part of one alkali 
is replaced by the other. A. Giinthcr-Schulze found that 63 per cent, of the sodium 
can be replaced by silver when natrolite is immersed in a soln. of silver nitrate. 
The dillusion constant of the .sodium is 1'48X 10'*“ sq cm. per sec. K. Dalmcr 
found that part of the sodium is replaced by ferrous iron when natrolite is digested 
with a soln. of ferrous sulphate. G. 8tcigor likewise found a replacement of sodium 
by silver or thallium occurs when natrolite is digested with a soln. of silver or 
thallium nitrate. F. W. Clarke and G. Steiger examined the etiect of ammonium 
chloride on natrolite at 3.50". When treated with acids, natrolite decomjmses 
with the separation of gelatinous silica. V. P. Smirnoff studied the action of 
humic and crenic acids on natrolite. The effect of natural agents on natrolite has 
been discussed by J. R. Blum, 0. R. van llise, G. Sillem, G. Tschermak, C. lloelter, 
and 8. d. Tbugutt. 


ItEFBKBSCiei. 

‘ M. F. K.d’ADdrada,.S'cAc.’rcr'« Jo«rtt,,4.30,1800; doura. F%s.,61.240,1800 ; Sichohion's 
Journ., 5.,193,211,1802; R. J. Haiiy, Traiti de mindralogk, Paris, 4.407,1801; .1. A. Arfvedson, 
Afhand. 6. 105,1818; Sekwagger'a J&urn., 22. 107, 1818; T. Thomson, OuUinm of 
Mineralogy, Geology, and Mineral Analysis, London, 1. 302, 1830; R. Hagen, Fogg, .inn., 
48. 361,1839; H. V. Regnault, Ann, Mines, |3),45. 380,1839 ; F, Stroraeyor, Vnktsmhungen 
gJoet die Mischung der Mineralkorper, Gottingen, 437, 1821. 

* 0. F. Rammclsborg, Fogg, dan.,85. 544, 1852 ; 80.144,1853; A, Julieu, Ana, Alcui York 
Acad., 1. 322, 1879; J. U Smith and O.'J. Rnish, Amer. Journ. Science, (2), 18. 372, 1853; 
G. .1. Bruah, ib., (2), 10. 370, 1850; J. L. Smith, i>f(3), 21. 128, 1881; F. A. Oonth, ib., (3), 
23. 68, 1882; R. 0. E. Davis, i6., (4), 18. 29,1904; W. E. Hidden, ib., (3), 32. 204,438,1886; 
S. L. Penflcid, ib., (3). 18. 425, 1877; (3), 17. 226, 18‘,«; 0. F. Kunz, ib., (4), 18. 263, 1903; 
C. Baskerville and G. F. Kunz, ib., (4), 18. 26,1904 ; C. Baakerville, Science, (2), 18. 304,1903; 
P. Jannasch, Neves Jahrb. Mtn., i, 198, 1888; F. Piaani, Compl. Rend,, 84. 1609, 1877; 
A. Laurent, Ann. Ckim, Phys., (2). 59. 107,1835; R. Baiio and E. Dittler, anorg. Chem., 
76. 39,1912 ; 0. Stein, i5., 55. 39,1907 ; A. Piutti, Goa. Chim. Hal., 41. i, 435,1910; F. M. Jiger 
and A. Simek, Proc. Acad. Amsterdtim, 17. 239, 261,1914; F. W. Clarke, The Constitution of the 
JVoturalSdrratea, Washington,98,1914; K. Przihram, Am. dtad. IFien. 195,1922; K. Przihrara 



656 INORGANIC AND THEORETICAL CHEMISTRY 

And E. K. MicbaiiovA, Hitdicr. Akad. Wien, 132. 285,1024; C. Hartwell, Amcr. Journ. Science, 

(2) , 10.119, i860; C. Hartwell and E. Hitchcock, ib., (2), 10. 204, 18^1; T. Tanaka, Journ. 
Amer.Oj)l. Soc.,9.HtH>, 1924; L. H'lparc, M. Wonder, and R. Sabot, jSoc. if»n.,'83.53,1010; 
Mem. Scienccft Oeiihe, 8. 30, 283, 1897; F. Kovar, Journ. Ohem. Ind. Pntgue, 10,* 1900; Zeif. 
»ryst., 38. 204, 1902; C. DocJter, Tschermak’e MiU., (2), 1. 624, 1878; W. T. Schaller, Bull. 
Dept. Oeol. Vmo. ('alifornia, 8. 20.5,1903. 

• F. A. Gonth, Atmr. Journ. Science, (3), 23. 88, 1882 ; J, I). Dana, ib., (2), 10. 119, 1860; 

E. S. Dana, ib., (3), 22. 179, 1881; W. P. Blake, ib., (3), 29. 71, 1880; R. J. Hauy, TraiU de 
minirakgie, Paris, 3. 134,1822; R. Hermann, y<mrn. prakt. Chem., (I), 64. 185, 1861 ; G. vom 
Rath, Ber. Niedeirh. GeJi. Bonn, 166, 1880; A. dee Cloizoaiw, Manuel de min&rahgie, Paris, 1. 
361,1802 ; Amer. Journ. Science, (3), 32. 204,1880 ; G. Tammann, Kriukdlutierenu^ Sckmelzen, 
Loiprig, 60,1903; A. Greim, Neuee Jakrb. Min., i, 263,1889; A. Michel-Levy and A. Lacroix, 
Lm minkraux de* rochcM, Paris, 206, 1888 ; K. Endell and R. Riekc, Zeit. nnorg. Chem., 74. 33, 
1012; R. Ballo and E. Dittler, ib., 76. 39, 1012 ; L. Dupare, M. Wonder, and R. Sabot, Bull. 
Soc. Min., 33. 63,1910 ; M^m. Sciences Oenive, 8. 30,283,1910; A. Bnin, Arch. Sciences Oenlve, 
(4), 18. 622, 1902; (4). 18. 637, 1904; J. Joly, Broc. Boy. Irish Acad., (3). 2. 38, 1891 ; 
A. L. Fletcher, Scienl. Broe. Boy. Dublin Soc., (2), 13. 443, 1913; K. Schulz, 6'enlr. Min., 032, 
1911 ; J, Lemberg, Zeit. dent. yeol. Oes., 87. 990,1886; F. M. Jager and A. Siraek, Broc. Acad. 
Amsterdam, 17. 239, 261, 1914; F. L. Hess, Min. Res. U.8. Oeol. Sur., ii, 049, 1911; 
W. T. Schaller, BuU. V.S. Oeol. Sur., 010,1910; V. Zeiglcr, Min. Scient. Bress, 108. 064,1914 ; 

F. Meisaner, Zeit. anory. Chem., 110. 187,1920; R. Lorenz und W. Herz, ib., 135. 374,1924. 

• F, H. Glow, Journ. Bontyen Soc., 10. 100,1914 ; E. NcwU'ry and H. Lupton, Mem. Broc. 
Manchester Lit. Phil. Sue., 10,1918; C'.'Dwdter, Das Radium und die Farben, Dresden, 1910 ; 
(.VM/r. Min., 321, 1923; Neues Jahrb. Min., i, 266, 1897 ; C. BaskerviUo and G. F. Kunz, Amer. 
Journ. Science., (4), 18. 25, 1905; K. Piiibram, Verk, phys, Oes., 3. 1, 1922; S. (\ Lind and 
D. 0. Bardwell, A7ner. Mm., 8. 171, 1923 ; Journ. Franklin Inst., 196. 375, 1923; S. Meyer, 
Bhys. Zett., 8. 483, 1909; A. Piutti, Oazz. (.'him. Jtal., 41. i, 435, 1910. 

® G. A. Keimgott, Nems Jahrb. Min., 310, 1807; J. Ix'mberg, Zeit. dcut. geol, Oes., 37. 990, 
1886; 39. 684,1887; A. A, Julien, Anw. New York Acad. Semus, 1. 318,1879; /i.iy. Min. Journ., 
22. 217, 1870; Amer. Journ. Science, (3), 19. Ill, 237, 1879; G. J. Brush and E. S. Dana, tb., 

(3) , 20. 267, 1880; J, D. Dana, A System of Mineralogy, New York, 466, 1808; T. 'I'homson, 
Outlines of Mineralogy, Oeology, and Mineral Analysis, Loudon, 1. 330, JtCiO; C. R. van Rise, 
A Treatise on Melamorphism, Washington, 281, 1904. 

• A. Damour, Compt. Bend., 66. 801, 1803 ; 61. 313, 357, 1806; A. J. Krenner, Neues 
Jahrb. Min., ii, 173, 1883; A. Arzruni, ib., ii, 0, 1886; Zeit. Bthnol., 16. 103, 1883; A. de.s 
(loizoaux, Bull. Soe.. Min., 4. 168, 1881; 11. S. Washington, Broc. U.S. Nat. Museum, 60. 14, 
1922; Broc. Nat. Acad., 8. 319,1922 ; A. Michel-lA'vy and A. Lacroix, Le.i mineranx des roeke.s, 
Paris, 200, 1888; 8. Weidmann, Bull. Wisconsin Oeol. Nat. Hist. Sur., 10, 1907; E. Cohen, 
Neves Jahrb. Min., i, 71, 1881. 

’ J. F. L. Hausmami, liatuiltucA der Mtnerulogic, Gottingen, 652, 1817 ; (Bdl. Nachr., 196, 
1845; Journ. jrrakt. Chem., (I), 34. 238, 1846; H. 8. Washington, Amer. Journ. Science, (1). 11. 
36, 1901 ; C. F. Raniioelsborg, Ilandbuch dcr Mmeralchtmic, L«'ipz»g, 061, 1876; 2. 332, 1896; 
U. GruU'iunann, Bosenbusch's Festschrift, 12, 1900; W. F. Smeeth. B>e My.-iori (hot. Dejtl., 9. 
86, 1908; L. J. SjH'noer, Mtn. Mag., 16 364, 1913; C. IhHlewig, Bogy. A/ih., 158. 224, 1870; 
W. C. Blasdftle, Bull. Dejit. thol. Univ. Cnlijornia, 2. 327. 1901 ; Miirgocj, tb., 4. 369, 1900 ; 
H. Rosenbuseb, Mtkroskopische Bhystogrnphie der Mineralien und Oaieine, Stuttgart. 324, 1873; 
648, 1892; Silzber. Akad. Berlin, 700, 1898; A. Luedecke, Zeit. <Uut. geol. 6Vi., 28. 248, 1870; 
K. (lebbeke, *6.. 38.034,1880; 39.211,1887 ; Zeit. Kryst., 12.282,1887; G. Slruver, AHi Accad. 
lAiicei, 2 . 33,1876 ; Neues Jahrb. Mm., i, 218,1887; A. Stelzner, ib., i, 209,1883; P. Lihmanii, 
ib., i, 100, 1884; J. W. Rctgers, tb., i, 39, 1893; A. Wichmanu, ib., ii, 177, 1893 ; A. Johnson, 
ib., ii, 121, 1901 ; C. Docltor, tb., i, 11, 1897; H. Thurach, Zett. Kryst., 11. 424. 1880; F. Zam- 
boniiii.ib., 46.012,11)08; Neues Jahrb. Mtn., L. Milch, i/»., 362,1907; G, A. Kenn- 
gott, Mineralogiache Vnlersuchunyen, Breslau, 43, 1849 ; 0. Miigge, Cenlr. Min., 145, ilK>9; 
C. DoelUT. Tschermak's Mitt., (2), 10. 70. 1889; F. BiKiko, tb., (2), 2. 49, 71, 1880; A. Michel- 
li6vy, Bull. Soe.. Min., 7. 46, 1884; E. Wallerant, tb., 20. 263, 1897; A. von I^aulx, Ber. 
Niederrh, Oes. Honn, 203, 188!1; C. Bnrrois, A«w. Soc. Oiol. Lille, 11. 60, 18S3; t‘. Barrois and 
A. OfFret, Compt. Bend., 103. 221,1880 ; B. Koto, Journ. Univ. Tokyo, 1. 1,1886; E. Schluttig, 
Chemisch-mineralogischen Unlersuchungen voi weniger bekannUn Silicaten, Leipzig, 0, 1884; 
Zeit. Kryst., 18. 73,1888; L. Colomba, tb., 26.216,1896; A. Liversidge. Broc. Boy. Soc. N.S. W., 
14. 213. 1880; F. Berwerth, Sitzbcr. Akad. IViVh, 85. 185,1882; H. B. Foullon, ib., 100. 172, 
1891 ; F. W. Clarke, The of the Natural rUicates, Washington, 102,1014; A. Osann, 

Akad. lieidtUterg, 23, 1913; G. P. Becker, Mon. LlS. Oeol. Sur., 18. 102, 1888; 
J. P. Smith, Broc. Amer. Bhii Soc., 46.183,1907; E. T. Allen and J. K. Clement, Amer. Journ, 
Science, (4), 26.101,1008; B. Giwsner, Zeit. Kryst., 60. 304,1024. 

® B Faujas de St. Fond. Minkralogiedes volcans, Paris, 108,1784; L. A. Emmerling, Lehrbuch 
der il/tRmilcviV. Giessen, 205, 1793; D. G. J. Lenz, VersucK eiwr voUstdndigcn A^itung zur 
Kenntniss der Mineralien, Leipzig, 1. 241, 1794; J. i\ Delam^therie, Thkorie de la tare, Paris, 
2. 307, 1797 ; K. J. Haliy, Traiti de minkrahgie, Paris, 8. 180, 1801; D. de Oallitzin, Seeuetl 
de Homs par Corder alphabetique propriis en minimhgie, Brunswiok, 12,1801; J. G. Werner, LeUtee 
Mineral^stem, Freiberg, 0, 1817; ilan^mch der Mineralogie, Lei|>zig, 2. 210, 1804; A det 



SILICON 


657 


Cloizeaux. Manttd de minkaiogie, Paris, 2. 39,1874; A. Breithaupt, VolUldndtges ChanikUmUk 
dtr MineralsysUvM, Dresden, 163, 1832 ; VoUMndiges Uandbuch der Minendogie, Dresden, 8. 
408,1847; P.C. Weibye, A»».,79. 303,1850; ArcA,22.529,1W8; J. Esmark, 

Ktinfra Ckristiani tU Frondhjm, Obristiania, 1829 ; 0. Meoegbini and E. Bechi, Amr. Jovrn. 
Science, (2), 12. 394. 1851 ; (2), 14. 62, 1852; E. Bamberger, Zeit. Kryst., 6. 32, IHKi*; 
W. C. Brog^r, ib., 16. 223,18M; E. Bertrand, BuU. Soc: Min., 4. 239, 1881; A. Lacroii, tb.. 
8. 359, 1865; T. Thomson, Chdiinfs of Mineralogy, Otology, and Mineral Analysis, London, 1. 
339,1836; F. Berwertb, Techerfnak’a Milt., (2), 25. 184,1876. 

* L K. Vauquelin, Ann. Mueeum Hist Nak, 9. 249,1807; Oehlen't Jonrn., 4. 178,1808 ; 
E. Bertrand, BuU. Soc. Min., 4.239.1881 ; 8. Speoiale, Oazz. ('hm. Ikd., 11. 369,1881 ; K. Vrbn, 
Ber. BoAm. Oea. Wm., 467, 1879, C. Hersch, Der WaasergehaU der Zeolilhe, Zurich, 20. 1887 ; 
J. Lorenzen, Medd. om Oronland, 7.1,1884 ; W. C. (’roas and W. F. Hillebrand, Bull. V.S. Otol. 
Sur., 20, 1885; Joum. Oeol., 5. 687, 1896 ; A. Sauer, Krlduterung der gedogischen spezialkarie 
des Aonigreichs Sackaen, Dresden, 51, 1884 ; W. lAndgren, Broc, Cal. Acad. Science, 8. 39,1890 ; 
E. Zscfaau, Abkand. Oea. laia Dresden, 90,1893 ; K. D. (JUnka, BuU. Soc. Ant. Wnraaw, 3, 1896 ; 
Zeit. Kryat., 81. 517, 1899; S. J. Thugutt, Mimrolchemiacke Slbdicn, Dorpat, I(K>, 1901 ; 
H. W. Fairbanks, BuU. DejA. Oeol. Vniv. Califonm, 2. 1, 1896; F. W. ('larko and (J. Steiger. 
Amer. Journ. Science, (4), 8. 245, 1890; (4), 9. 117, 1900; H. W. Foote and W. M. Bradley, 
tb., (4), 33. 433, 1912 ; J. M. Evans, Jottrn. Oeol. Soc., 57. 38, 1901 ; T. Wada, Minerah of 
Ja^n, Tokyo, 139, 1904; C. Anderson, Rec. Auatralian Muavmn, 6. 404, 1907; K. diinlw*, 
Bcitrdge zur Mineralogic wn Japan, Tokyo, 3. 116. 1907 ; E. Haaeliieri, Atti Soc. Toacana, 24. 
113, 1908 ; N. Orloff, Ann. Oeol. Min. Rua.-i., 16. 144, 1913 ; Xeuca Jnhrb. Min., ii, 360, 1914 ; 
E. Manasse, Be.itrdge zum pe/rograpkise/ien Slvdium der Colonie Kryihrca, Siena, 1907 ; 11. How*, 
Oilberl'a Ann., 72. 181, 1822 ; A. Coiinel, Kdm. Pkil. Journ., 8. 262,1829 ; S. Shimizu, Hc.ttmjc 
Aftn. Japan, 6, 1915; T. Thomson, Outlines of Mineralogy, Oeology. and Mineral Autilt/.fia, 
London, 1. 338, 1836; W. Henry, Pogg. Ann., 46. 264, 1839; A. AwdojelT, tb , 56. 108, 1812 ; 
P. C. Weibye, r6.,79.303,185(t ; E. Riegel, JoArb. pral't. HWm.,13. 1,1847; NeiuaJakrb. Mm., 
485, 1848; H. tluthe, ib., .'’>90, 1863; Jakrb. NalAOea. Hannover, 12. 41, 1863; H. Brautm, 
Xeuea Jakrb. Mtn., ii, 1, 1892 ; W. S. von Waltershauscn, Ceber die vvhiniacken Oealcine in 
Sizilien und Inland und ikre submarine UnUnldung, Gottingen. 266, 1853 ; (I F. Raramelslx'rg, 
Handbuch drr Mineralchemie, lieipzig, 1. 619, 1875 ; Pogg. Ann., 105. 318, 1858 ; J. E. HibHch, 
Tschermak'n MxU., (2), 34. 262, 1917 ; S. Ross and E. V. Shannon, Proc. V.S. Hal. Museum, 
64. 1, 1924 ; (’. G. C. Bischof, Lekrhuck der chmiach n und phyaikaltscken Oeologie, Bonn, 2. 
372, i8()4 ; G. Tscherniak, Die PorpkyrgcaUine. (Eskmicks aua der mtlkl-geologiacJien Epocke, 
Wien, 259,1869 ; J. Young, Cketn. News, 27. 56,1873 ; A. des Gloizonuz, Manuelde minSralogie, 
Pans, 2. 40, 1874 ; S. R. Pajjkull, Mincralogiskn j\olizer, Ujainla. 14, 1875; J. U*inlx‘rg, Zetl. 
deul. grol. 0(s., 28. 5'{8, 1876 ; 29. 493, 1877 ; 36. 612. 1883 ; B. J. Harrington, Jlrp. Oral. Sur. 
Canada, 4.5, 1878; Trans. Roy. Soc. ('ajiada, 11, 25, 1905 ; 0. Lueilecke, Zeil. Xainrwias., 52, 
1879; Zed. A>y.v/.,7.90.1883; E. Bamberger, tb., 6.32,1882; P. 1). Eikolajclf, fb.,11. 392, J886 ; 
Rns.s. Btrg. Journ., 2. 376. 1881 ; W. G. Brogger, Zeit. Kryst., 16. 584,1889. 

(' F. RanimelKberg, Handbuch der Mineralchcmte, J>eij)zig, 805, 1860; (519, 1895; 3(59, 
1895 ; J. Lemltorg, Zcit. deui. geol. Oea., 37. 992,1885 ; 39. 561. 1887 ; C. DtK'lter, Handbuch drr 
Minrralchemie, Dresden, 2. ii, 360, 1917 ; Neuta Jakrb. Mtn., i, 118,1890; R. Brauns, ib., ii, 19, 
1892 ; J. Jakob, Zcil. Kryst., 56. 296, 1922 ; F. W. Clarke, The ('onalitution of the. Natural Stli- 
Wa8hingt/m,42.1914 ; F. W. Clarke andG. SU'lger, Amer. Journ. Sc.ie.nc,’',{4),S. 245,1899; 
{4),». 117,1900; H. W. Fo<tte and W. M. Bradley, ib., (4), 33. 437, 1912; G. Stoklosaa. Ceber dte 
Nnlur dca H'ovwrv wi den Zcoltthen, Stuttgart, 1917; Neurs Jakrb. Min. B.R., 42. 1, 1918; 
G. Tsehermak, l/ehrbuck der Mineralogie, Wien, 562, llk)5; Stizber. Akad. H'tVn, 126. 641, 1917; 
127. 177, 1918; a. Friedel, BuU. Soc. Min., 19. 94. .563, 1896; 21. 5. 1898; E. T. Wherry, 
.4mer. Min., 8. I, 1923; P. Groth, Tnbellarische. Vebersickt der Mineraiicn, Braunschweig, 144, 
1889. 

J. Lemlierg. Zeit. deut. geol. Oes., 28. 637, 1876; 89. 659, 1887; J. Konigsliergor and 
W'. J. Muller, Ncuea Jakrb. Min. B.B., 44. 402, 1921 ; Zeit. anorg. Chem., 104. 1, 1918; 
S. J. Thugutt, MineralcJumiache Studien, Dorpat, 100, 1901; Ncuea Jakrb. Mtn. B.B., 9. 604, 
1895; R. van Hise, A Treatise on Metamorphism, Washington, 293,1904 ; E. A. KUiphenstm, 
Journ. Ge.ok, 24. 180, 1916; A. de Schulten, Comjd. Rend., 90. 1493,1880; 94. 96. 1882 ; Bull. 
Soc. Min., 8. 150, 1880; 6 . 7, 1882 ; C. Friedel and E. Sarasin, C'omjA. Rend., 97. 290, 1883 ; 
(!. Doelter, Neues Jakrb. Min., i. 118, 1890 ; Tachermak'a Mitt., (2), 79,1906; E. Baur, 'Zeit. 

anorg. t'km., 72. 119, 1911. * 

F. W. Clarke, T/k! Data of (/eocAewt«/ry, WaslungU>n,366,1920; W. C. Bntgger, ZetV. Kryst., 
16. 199, 223, 333, 1890; N. V. Ussing, tb.,U. 106, 1896; A. Sauer, Zett. deut. geol. Oes., 87. 
462,1886; W. H. Weed and L. V. Pirsaon, Amer. Journ^Seknee, (4), 2.315,1896; W. JJndgron, 
ib., (3), 45. 286,1893; J. D. MacKenzie, tb.. (4), 89. ^71,1915; J. F. Williams, Rep. Oeol. Sur. 
Arkansas, 2. 267. 1890; H. W. Fairbanks, BuU. Dept. Oeol. Uuiv. California, 1. 273, 1896; 
C. W. Knight, Canadian Rec. Science, 9. 266, 1905; G. W. Tyrrell, Oeol. Mag., 66, 120, 1912; 
Trans. OtoL Soc. Qlaagoto, 13. 299,1909; A. ^ott, ib., 16. 34, 1916; J. E. Hibsch, Tachermak'a 
Mitt., (2), 84. 262. 1917; B. R. Young, Trana. Edin. Oeol. Soc., 8. 326,1903; A. Pelikan, 
Tachermak'a Mitt., (2), 26. 113, 1906; C. E. M. Rohrbach, tb., (2), 7. 17, 1886; K. Reiser, tb., 
(2), 10. 542,1889 ; L. V. Pinson, Journ. Oeol., 4 . 679. 18^; A. P. Coleman, ib., 7. 431. 1899; 
W. Cron, 1 %., 5. 684, 1897; Ann. Rep. U.S. (kd. Sur., 16. ii, 36. 1895; H. S. Washington, 
VOL. VI. 2 U 



658 


INORGANIC AND THEORETICAL CHEMISTRY 


Amer. Journ. Science, (4), 6. 182, 1898; BoU. 8oc. Qeol. Stal., 88. 147,1914; E. Hufl«ak, Neuee 
Jahrh. Min., i, 166,1890; R. Brauns, ib.,ii, 14,1892; G. Leonhard, i6., 310, 1841; E. Scaccbi, 
Rend. Accad. Napoli, 24.316,1885; J. W. Evans, Joum. Geol Soc.,b7. 38,1901; 8. J. Thugutt, 
Cenir. Min., 761, 1911; ('ompt. Rend. Warmw, 5. 103, 1912; F. Zambonini, Mineralogia 
VeBUviana, Napoli, 1910; C. G. C. Km)iof,Lehrhtichd€rchemi8chenundphysikalischenO€ologie, 
Bonn, 2. 368, 1864; C. R*. van HisS, A Treatise on Metamorphism, Washington, 330, 1904; 
C. de Liroiir, Bull. Soc. Min , 4.182,1881; J. R. Blum, Die Pseudomorphosen de.s Mineraheiehs, 
Stuttgart, 100,1843; 8. 59,116, 274,1863; L. Dormer, Neues Jahrh. Min. B.B., 16. 612, 1902; 

F. Heineck, t6., 17. 151, 1903; W. Freudenberf, Mill. Badisch. Geol. landesansl., 6. 237,1906; 
R. von Richthofen, SUtber. Akad. IKien, 27. 363, 1868; G. Tschermak, ib., 47. 443, 1867; 
P. (’. Weibye, Arch. Min., 22. 637, 1848; C. W. Card and J. C. H. Mingaye, Rec. N,8.W. 
Geol. 8nr., 7. ii, 93, 1902; A. Lacroix, Nouv. Arch. Musium, Paris, (4), 1. 197, 1902; Comjd. 
Rend., 188. 637,1919. 

(}. Frk-dol, Bull. Soc. Min., 19. 16, 363, 1896 ; 21. 6, 1898; E. Vaccari, Riv. Min. Crist. 
Hal, 16. 93,1896; (}. dal Piaz, ib., 23. 00,1000 ; E. Billows, th., 24. 49,1001; B. Popoff, Proc. 
8m. Nat. Moacotv, 00, 1898; A. Bon-Saude, Ueber den Analcim, 1881 ; Neue.s Jahrh, Min., i, 
62.1882; C. Doeltor, ib., i. 118,1890; ii, 93,1896; C. Stadtlander, ih., ii, 201,1885; V. Gold- 
schraidt.ZnL Arj/4.,9.673,1886 ; K. Zimanyi, t6.,22.321,1894 ; A. von Lasaulx.S. 333,1881; 
A. Arzruni and S. Koch, t6., 6 . 482,1881; 0. Mulert, Zeit. anorg. Chem., 75. 236,1912 ; G. Tara- 
nmnn, Zeit. phys. Chem.,^. 323,1898; F. Rinne, Forts. Min., 3.159,1913 ; Sitzber. Akad. Berlin 
1163, 1191, 1890 ; C. Klein, ib., 24, 1890 ; 290, 1897 ; Neues Jahrh. Min., i, 27, 1881; i, 260, 
1884 ; A. Merian, ih., i, 195, 18M ; A, des (.'loizeaux, Manuel de miniralogie, Paris, 1. 332,1862; 
Nourelles rechcrches aur lea propriitis optiques des crislaux, Paris, 615, 1867 ; W, W. (’oblontz, 
Innestigations of Infra-red Spectra, Washington, 3.26,1906; F. Pfaff, Pogg, Ann., 107. 148,1869; 

A. Bartoli, Riv. Min. ('rial. Ital., 12. 56,1892 ; R. Brauns, Die optiseken A notnaheti der Krystalle, 
U*ipzig, 332, 1891 ; A. de Schulten, Cornpt. Rend., 10. 1493, 1881; Bull. Soc. Min., 3. 150, 
1880; 6. 7, 1882; R. Bertrand, ih., 6. 7, 1882; K. Mallard, Ann. Minejf, (7), 10. 111. 1876: 
J), Brewster, Phil. Trans., 108. 255, 1818 i^Trans. Hoy. Soc. Kdin., 10. 187, 1824 ; J. B. Biot, 
Mim. Acad., 671, 1841 ; J. Konigsberger and W. J. Midler, Neues Jahrh. Mm. H.B., 44. 402, 

1921 ; Zeit. anorg. ('hem., 104. 1, 1918 ; T. Liobisch and H. Rubens, Siizher. Akad. Berlin, 198, 
876, 1919; K. Brieger, Ann. Phyaik, (4), 67. 287, 1918; (,). S. Ross and E. V. Shannon, Proc. 
U.S. Nat. Museum, 64. 1,1924. 

** G. A. Kenngott, Neues Jahrh. iV»w.,302, 1867; E, W. Hoffmann, Vntersuchungen iiber den, 
Kivfiuss von gcmknlichen Wasser auf Silicate, Ijeipzig, 1882; F. W. Clarke and G. SU'igor, 
Amer. Journ. Science, (4), 8. 245, 1899; (4), 9. 117, 1900; G. Steiger, ib., (4), 13. 464, 
1902; Journ. Amer. Chem. Soc., 21. 386,1899; H. C. McNeil, ib., 28. 590,1906; S. J. Thugutt, 
Minrrahhemischc, Stvdien, Dorpat, 100, 1891; J. LembtTg, Zeit. dent. geol. Ges., 28. 585, 1876; 
37.963,1885 ; 39. 639, 1887; (i. Fricdel, Cempt. Rend., 122.948, 1896; Bull. Soc,. Min., i9. 
94, 1896; C. G. 0. Bischof, Lehrbuch der chemischen und physikalischen Geologic, Bonn, 2. 370, 
1864 ; J. Konigsberger and W. J. Muller, Neues Jahrb. Min. B.B., 44. 402, 1021 ; ZcH. anorg. 
('Am., 104. 1.1918. 

J. J. Forber, Hriefc nua Wdlschland liber nathrlkhc Mcrkmurdigkeitcn dies Ijandes, Prag, 
166, 1773 ; 1. S. R. J. Eques a Born, Lylhophytacium Bornianum, Prague, 2. 73, 1775; N. T. de 
Sausure, Journ. Phys., 7. 21, 1776 ; J, B. L. Romo do ITsle, Crystallographie, Paris, 2. 330,1783 ; 

B. G. Sage, Rlimens dc miniralogic dm.imaahque, J^aris, 1. 317, 1777 ; C. A. S. Hoffmann, Berj?. 
t/ourn., 464,474,1789; A. G. Werner, i7;., 489, 1791 ; Hopfner's Mag.,\.iA\,\^2', R.J.Haiiy, 
Journ. Mines, 260, 1799; Traile. de miniralogie, J’aris, 2. 659, 1801; M. H. Klaproth, Beilrdge 
zur chemischen Kenntnm der Mtneralkorpcra, Berlin, 2. 39, 1797 ; A. von Awdejeff, Poqg. 

66. 197, 1842 ; T, Riehtcr in A. Breithaupt, Mineraloqische Studien, Leipzig, 35, 1866; 
J. L. Smith, Amer. Journ. jSriewcc, (2), 49. 335,1870. 

*• J. Ijomborg, Zeit. deut. geol. Ges., 28. 637,1876 ; C. F. Rararaelsberg, ib., 11. 497, 1859; 
Ilandbuch der Mineralchemie, T/>ipzig, 1. 161, 1886; Pogg. Ann., 96. 142, 1869; G. vom liath, 
lb., 147. 272, 1872 ; C. G. C. Bischof, Lehrbuch der chemischen und physikalischen Geologie, Bonn, 
2. 479,1864 ; E. Cosoria, Ann. Scuola Agric. Portici, 4.1,1903; H. Schulze, Neues Jahrb. Min., 
ii. 114,1880; A. Knop, ib., 685,1865; F. Fouqu6. ib., 395,1875; Compt. Rend., 79. 809,1874 ; 

G. Freda. Gazz. CAitn. Hal, 13. 498.1883; L. Picciardi, t6.. 2. 130.1882 • 17. 216,1887 ; F. Ber- 

v/erth, Tachermak's 67,1876; V.Steinecke,Zeff. *Va(Mrm>«.,60.4,1887; M. H. Wood 

and L. Pirsson, Amer. Journ. Science, (4), 2..318,1896; F. W. Clarke and (j. Steiger, ib., (4), 4. 
117,1900 ; G. Tsohonnak, Sitzber. Akad. fVien, 112.1, 370,1903. 

i). Matignon, Rechnehea Inventions, 4. 635, 661, 1923; G. A. Blano and F. Jourdan, 
Brit. Pat. Nos. 152026, 176348, 1920; 166647, 1921; 176770, 1922; G. A. Blanc, ib., 181677, 

1922 ; F. M. McClenahan, U.S. Pat. A’o..1426891,1922 ; U. Pomilio, Chem. Ind., 7. 425,1922— 
vide 2. 20. 4. 

('. F. Rararaelsberg, flan^uch der Mineralchemie, Leipzig, 442, 1876; J. Lemberg, Zeit. 
deut. geol. Ges., 28. 639, 612,1876 ; 37. 991,1885; G. Tschermak, Sitzber. Akad. Wien, 112. 371, 
1903 ; S. J. Thugutt, Neues JaM. Min. B.B., 9 . 602,1895; Mineralchemiache Studien, Dorpat, 
1891; F. W. Clarke, The Constitution of the Natural Silicates, Washington, 36, 1914 ; The Data 
of Geochemistry, Washington, 364,1920. 

F. Fouqu4 and A. MichebL^vy, Synthhe des minicflux et des roches, Paris, 151, 1882; 
BtULSoc. Min.,2. Ul,lS19 1 3.118,18^); A.E.Lagorio,Ze»(.irry«(.,24.293,1895; S.Meunier, 



SILICON 


fir)!) 

Comp). fleni.M. 1009,1880; 111.509,1890; A.Duboin, t6., 114.1301. 1892; C.amlC. FrioHcl. 
i6., 110. 1170, 1890; BuU. Sor. Min., 18. 129, 182. 1890; P. Hautofoaillo and A. IVrry. i5.. 
15. 191, 1898; Compl. Rend., 107. 786, 1888; P. Haatcfouille, i5., 90. 313. 378. 1880;'dan. 
J^eole. Rnrm., (2), 9. 303, 1880; V. Doeltor, i\eues Jahrb. Min., i, 1. 1897; Peintfff'nms, Braun¬ 
schweig, 92, 1900; H. k Washington. Vourw. Oeoi., 16. 257, 357, 1907 ; G. VV. Morey and 
N. L. Bowen, Amr. Journ. Science, (4), 4. 1, 1922 ; G. Steiger, BvU. t\S. Oeoi. Sur., 202,1895 ; 

H. B^katrum, (r'eol. For. Fork. Stockhdm, 18. 155, 1890; A. Lacroix, 1x9 enchtrn deft roc.hes, 
Paris, 637,1898; K. Sohmutz, Neves Jah^, Mi^., ii, 124, 1897; G. Medanich, ib., li, 20. 1903 ; 
K. Petrasch, Neves Jahrb. Min. B.H., 17. 498, 1903; K. Bauer, ib., 12. 636,1899; J. Lenarnc. 
Centr. Min., 750,1903; A. Himmdbauer, Mill. Nal. Ver. Vniv. If'ien, 8. 90, 1910. 

D. Brewster. VhH. Trans., 108. 255. 1818; A'rfiM. Phil Jonrn., 6. 218, 1821 ; J. B, Biot, 
Mimoire sur Ui pohrisotion bonfllaire. Pans, 009, 1841 ; A. dcs Cloizeaux, iMatnui de muthnihtgu, 
Paris, 2. 34, 1874 ; Nonrelle^ rrchvrches sur les itroprtBis Oj^upies des cristaur, Pans, 513, 1807 ; 
Zeil. deul. geol. lies., 26. 50th 1873; F. Zirkcl, ib., 20. 151, 1808; Ishrbuck drr PHrogrophie, 
Bonn, 1. 261. 1893 ; (i. vom Rath. Ber. Mrderrh. (ks. Bonn, 203. 1872 ; 115. 1883; 135. 1887 ; 
Silzber. .ikad. Berltn, 023, 1872 ; B.A. Rtp . 79, 1872 ; Pi^g. .4««. Kr<fbd., 6. 198. 1873 ; Ni urs 
Jahrb. Mill., 113, 1873; 281, 403, 519, 733. 1876; H. UoscMihusch, ih, ii. .59, 1885 ; Mikro- 
skopische Phjsiujraphie dir Mimralien und (ifsteine, Stuttgart. 310. 1892: A. Scaoi hi. Hnid. 
Accad. Napoli, 2. 130. 18tl3 ; AlU Arcad. Napoli, 6. 3. 1873 ; R. I./()rcnz and W. Herz. Zi it anorg. 
Vhem., 135. 374, 1924; ,1. Hnwhwald, Tsrherinak's Mill., (1). 6. 227, I87ti; (2). 1. KKh 1878; 

H. Baumhaucr, ib., (2), 1. 287, 1878 ; Pic Jksuilulc di r Ai tzinvlkod^' in dtr KrgstiiUogriipfiisth> n 
Forschiiiuf an cineT ReicJie. wn krysUiUinischen Korpern dargestdlt. Iprijizig, 88,1894 ; Znl. Ah/a/ , 

I. 272, 1877 ; E. S. von Fedoroff, i6., 20. 74. 1892 ; P. Groth. A, 6. 200. 1881 ; Tahtllan.^che 
UcherstektfUr Minrrahen, Braunschweig, 130, 1889; G. 'rschcriiink. hhrhveh dtr MunraURjtc, 
Wien, 4ti2. 1891; Tsrhermak's SltU., (1), 6. Oti, 1870 ; E. Mallard..!»«. Mims, (7), 10. 79. J87tl; 
Rnll. Soc Min., 9. 71. 1880; R. Brauns. Pie opfisclien Anomalirn dn Krgslallr, Leipzig. 115. 
1891 : 0. Miigge, Nciies Jahrb. Mm. B.B., 14. 279. 1901 ; (' Klein, tb, 3. 522. I8H5; (k>U. 
Naehr., 129.421,1884 : Npiim Jahrb. Mm , ii. 224,1884 ; A. Wci.sbnch, ib , i, 143,1880; K. Rinne 
and R. Kolb, ib , li, L54, 1910 ; 8. L PcnOcld. ib , ii. 224. 1884; F. FoiKpii^ and A. Miehi'l-J.i^y, 
Mtneralogii' meragraphigw. Pans. 281, 1879; li V. I’lrMSon, .4ni>r. Jonrn. Seuncv, (4), 2. N5, 
1890; (). Dwlter, i.Wi«., 012. MKKl; L. Colomba. Aic. .Ilia //'</., 40. 38, 1914 ; Bull. Sor 
Oeo. Ital, 34. Iti7, 1915. 

(I K Raniniel.slMTg. I’ogg Ann., VI. 112, lS.")tl; tl vom Batb. Pagg. .Iwa AVj/W., 8. 198, 
1873 ; V. Goblsehinidt, .4 i)M Sal. Uisf. ilojmus, 1. 127. 1880; L. Kiecianli, (lazz. ('him. Itai, 
2. 103,1882 ; .1. A. Douglas. Joar/i. (Jrnl. .SV>c.,63. 145, l!H)3 ; G. Tschcrmak. Akad 11 ir«, 

112. 370, 1903; J. .loly, Pror. Roy. Soc, 41 250, 1887; G. Tamniann. NriNlallivmn imd 
Schmelzrn, iiCipzig. 57, I1M)3; G Mulert, 7j<it. anorg. I'hm, 75. 235. 1912; A. L. Fleti liiT, 
Scient. Pror. Roy. Puhlm Sor., (2). 13 443, 1913 ; R (’usn< k. Proc. Roy. lush Arad , (3). 4. 
399. 1890; A. lirun. .Irrk. Srxrna.'* (k’nh'e, (4), 13 5.52, I1K)2; (4), 18. 537. 190-1 ; tDoelO-r, 
Tsrhrnuik'a Mill, (2). 20 211. 1901 ; (2). 21. 23. l‘K)2 ; (2), 23, 297, 1903 ; Stlzbrr. Akad. II iVw, 
114 529, 190.5; 115. "44. 1900; G SjH'zia. Zcil. Kryst., 14. 505. 1888; 1). I). Jackson ami 

J. J. Morgan, Journ. hid. Rmj. Chrm., 13. 110, 1921. 

** A. dcs Cloizeaux, Manuel de mtniralogie, I’aris, 2. 34, IH74; if. Roscnbiis«-li, 
Mikroskopi.iclo- Physiographic dir Minernlten und (iesldne, Stuttgart, 310, 1892 ; G, 'I seherinak, 
Tsrhirnuik's Milt, (1). 7. 07. 1877; K. Ziniaiiyi, Znl. Kry.il, 22. 338. 1894; K. Itinne and 
It. Kolb, Nniis Jahrb. Mm., ii. 1.50, 1910; VV. Vernadsky, ib , i. 381, 1912 ; (’, Doelter. A, ii, 
90, 1890 ; J. Si’hincaglm. Zitl. Knjsl , 34. 311, 1901. 

« G. A. K»*nng)itt. Xvucs Jahrb. A/in.,.305. 432,1807, A.Kno\),JJas Nauirsluhl im Brnsgau, 
110, 1892 ; C. G (\ Bischof, Phrbiich dir chcmischm und physiknhschi n (kologic, Bonn, 
2. 479, 1850; C. F. RamniclslsTg, Ilandhuch der Miniralchrrnir, Leipzig, 445, 1875 ; ('. R. van 
Hist'. A Trcalisf on Mdamorphism, Washington, 2t)0. 19tt4 ; ■). R. Bhini, Pic Pseudomorphosrn 
des Mminilrnrhs, Stuttgart. 3. 75. 1803; J. F. Williams, ilnn. Rep. (kol. Svr. Arkansas, 2, 
1891; A. Sauer, Znl. di.iil. grot, (ks., 87. 4.53, 1885 ; J. lAUiilsTg, A, 28. 537, 012, 1870 ; 37. 
902. 1888; 40. 03t;, 1888 ; A. Himniolbauer. Mill. Nal. Ver. Umv. Wien, 8. 90, 1910; 
S. J. Thugi|tt. Mmrralrhi-mische. Sludien, Dorpat. BM), 1891; Nrue.i Jahrb. Mm. B.B., 9. tMI2, 
1895; J.'Shand, tb, 22. 441. liKlO; C. Doelter, PhysikiUisrh-eJiimtschc Mineralogtc, licipzig, 
205, 1905: Neill'S Jahrb. Min., i. 2. 1897 ; E. Ilussak, A, i, HW, 1818); G. Steiger, Bull. I .S. 
(hoi. Sur., 202, 1895; A. Lacroix, Nonv. .4rck. Miidfurn Hisl. NahPurts, 9. 4, 1907 ; G. Freda, 
Rend, Accad. iVa/w/t, 201, 1883; K. Zainbonini. Mmeialoyui Vewvuina, Najmli, 135. 1910; 
Alii Accad. iincei, 63. 445,1918; G. vom Bath, Pogg. ,4nn., 147. 264, 1872; T. T. Read and 
C. W. Knight, Amer. Journ. Science, (4), 21. 286, 1900; C. Bcrgemaim, Jovrn. prakl. Chm., 
(I), 80. 418, I8tl0; K. Casoria, Ann. Scuola. Agric. Porkei, 6. 1904; H. Lotz, Dff yerwiflerung 
einiger gesl'^tnsbildender Mtneralten unler dent Kinfiuas von nrhu'efiiger Saure, Gei««‘n, 1912 ; 
E. Sracchi, Rend. Accad Napoli, 24. 315. 1885; G. F. Kma, Ame.r. Journ. Science, (3), 81. 74, 
1880; ILSchneiderholin.A’eite/tJuArft. J/tn. B.B.,40. Itl3,1916; C. Montemartini, LWn. Chim. 
Ind. Apid., 6. 487. 1923; G. A. Blanc, ib, 7. 3, 1925; AUi (Jongr. Naz. Chim. Ind., 119, 1924; 
G. Rozzi, A, 130,1924; Q. Tammann and C. F, Grevemeycr, Zeit. anorg. Chem.,i36. 114,1924; 
J. W. Hinchley, Journ. Soc. ('hem. lnd.~Chem. Ind., 48. IW, 1924. 

« 0. B. Boggild, Zeit. Krysl., 54.*120, 1914. _ 

” M. P. K d’Andrada, Sdtntr's Journ., 4. 36, 1800; A. Breithaupt, Liebigs Ann., 69. 



660 


INOEGANIC AND THEORETICAL CHEMISTRY 

430,1849; Pogg. Ann., 69. 430,1840; K. Hagen, ib., 48. h\, 1839; G. Bose, ib., 79. 162,1850 ; 
E. D. Clarke, Ann. Phil., ii. 196,1818; E. T. Svedenstienia, Leonhurd's Taschenhuch Min., 18. 
460,1819; R. J. Ha»iy, Traite de fniniralogie, Paris, 3. 137,1822; C. G. Gmelin, Gilbert's Ann., 
62. 399, 1810; A. Arivedson, Mweiyger's Ann., 22. 93, 1818; C. F. Rammelsberg, Handbuch 
Mineralcbeime, I^'iprig, 423, Pogg. Ann., 86. 563, 1852; Siizber. Akad. Wien, \Z, 
1878 ; W. 8. von Waltershausen. (kber die vuhinischen Qeskine in Sicilien und Island und ikre 
tmhmariM UtnlfilduTig, Gottingen, 296, 1853; K. Sond6n, Oeol. For. Fork. Stockholm, 6. 39, 
1882; R. Lorenz and W. Herz, Zeit. anorg. Ch^., 136. 374,1924 ; J. L. Smith and G. J. Brush, 
Amer. Jonrn. Science, (2), 16. 373,1853; F. W. Clarke, Bull U.S. Geol. Sur., 60, 1890 ; 419, 
1910; P. Groth, 'faheWmHChe Uebersickt der Braunschweig, 111, 1882; A. des 

Cloizeaux, Memnel de miniralogie, Paris, 2. 36, 1874; Nouvelles reckerches sur Us propnB^ 
optiques des vrislaux, Paris, 635, 666,1867 ; Ann. Chim. Phgs., (4), 3. 264,1864 ; C&mjA. Bend., 
66. 188, 1863 ; A. Michel*L6vy and A. Lacroix, ib., 106. 777, 1888; Les miniraux des roches, 
Paris, i888; P. K. W. Oeberg, (Kjvers. Akad. iS'toc/fcAolm, 8,1886; G. A. Kenngott, 

Min., 310, 1867; C. iJoelU-r, Tschermak'jf Mitt., (2), 1. 529, 1878; P. von Jeremejeff, Proc. 
Russ. Min. Noc., 34. 5.5, 1890; A. Brun, Arch. Sciences, Genhe, (4), 13. 552, 1902; R. Ballo 
and E. Dittlcr, Zeit anorg. ('hem., 76. 39,1912 ; W. F. P. McLintock, Min. Mag., 20.140,1923. 

** G. Grattarola, Boll. Comm. Geol. Ital., 323,1876; F. Hansoni, Ath Soc. Toscana, 4. 320, 
1879; F. W. darke. The Constiluixon of Ike Natural Silicates, Washington, 82, 1914. 

A. (‘ronstedt, Miwrnhfjie, Stockholm, 102,1768; I. S. H. 1. Eques a Born, Lilhophylacitm 
Borniankxn, Prague, 46, 1772 ; J. B. L. Kom6 do I'lsle, (ktstallographie, Paris, 2. 29, 1783; 3. 
5(i3, 1783; A. G. Werner, Mitieralogic, Stockholm, 24.3, 1780; J. N. von Fuchs, SchuviggePs 
Jonrn., 18. 1, 1816; H. J. Haiiy, TratU'de minerologie, Paris, 3. 151, 1801; J. A. H. Lucas, 
Tableau 7nilfuHiique des esphcts minlraux, Paris, 1. 338, 1806; M. H. Klaproth, Betlrage zur 
ckemischen Kcnntnm der Mineralkorpers, Berlin, 5. 44, 1810; Neue Schriflen (k.s. Berlin, 4. 
243, 1810; C. J. Sell), ib., 4. .395, 1810; G. A. Kenngott, Sitzber. Akad. Wien. 12. 290, 1854; 
16. 157, 18.55; E. F. Glocker, Gtnerum d spccierurn mineralium secundem ordines natvrnks 
digestorum synopsis, Halle, 176, J847 ; M. f'. Heddle, Phil. Mag., (4), 13. 50,1857 ; J. Esmark, 
Schweigger's Jonrn., 52. 361, 1828; Mag. Not. Christiania, .328, 1828; W. C. Brogger, Geol. 
For. F6rh. Stockholm, 9. 2t56, 1887 ; Zeil. Kryst., 16. 596, 1890; T. Scheerer, Nyl. Mag. Nat., 
5. 299, 1848; Pogg. Ann., 108. 416, 1859; C. Bergemann, ib., 84. 491, 1851 ; J. E. Hibach, 
TschermaPs Mitt., (2), 34. 262. 1917 ; (!. F. Schumacher, Versuch eiim YerzeichnU.ses der in den 
Ddni.Hck NordischenStaatensichfindendeneinfachen i/7/j«rahVw,Co|)enhagen,46,1801 ; P. Strom, 
Berzeliiii' Jnhresb., 14. 170,1834; K. Sonden, Pogg. Ann., 33. 112,1834; A. Estner, Vermch ciner 
Mitu ralogie. Wien, 2. li, 5.59, 1797 ; T. 'J'homson, Outlines of Mineralogy, Gedogy, and Mineral 
Analyses, London, 1. 338,1830; G, Menegluni, Amcr. Jonrn. Science, (2), 14. 04,18.52; Q. Sella, 
Niiovo Vitnenfo, 7. 5, 18.58 ; K. Mattirolo, Atti Accfid. Torino, 21. 484, 1880; A. dos Cloizeaux, 
Nouvrlles rerherehes sur le.s irropnitii optigues des cristaui, Paris, 585, 1807; E. Artini, Bend. 
Aecad. Lincei, (4), 4. 51, 1888. 

C. K. ItarnruelslKirg, Ilandlmch der MineraUhemie, Ivcipzig, 2. 385, 1805; C. Hintzc, 
liandlmch der Mimralogie, Leipzig, 2. 10‘97, 1897 ; J, 1). Dana, A System of Mineralogy, New 
York. 428, 1878; .1. I/'inborg. Zeit. dsut. geol. Ges., 28. 5.50, 1876 ; 39. 581, 1887; G Hersch, 
Der Wnssergehall dn Zeolitlie. Ziincli, 13, 1887 ; A. d’Achinrdi, Mineralogia della Toscana, Pi.ss, 
2. 142, 1873 ; 'I'. Wada, Minerals of JajHin, Tokyo, 1904; J. Eyermann, Amer. Geol, 34. 43, 
1904 ; C. Anderson, lice: .tK.itTalinn Mimum, 6. 265,1907 ; J. S. Hyland, Proc. Boy. Soc. Dublin, 
(2). 6. 411,181K>; M. F. >led(lle, Phil Mag., (4), 11. 272, 1850 ; L. Saemann and F. Pisani, Ann. 
Chim. Phys., (.3), 63. ,350,1801; C. A. Michaelaon,/oum./wa/*/. CAcw., (1), 90. lOG, 1803; A Knop, 
Der KaiMcrstuhl tm BreUgnu, Ix'ipzig, 131. 1892 ; C. W. von Giimbel, Siizber. Bayr. Akad., 111. 
334, 1901 ; G. A. Kenng»)tt, Uebersichi der Besullate, mincrnhgtecher Forsekungen, Wien, 71, 
1858; A. Frenzel, Mineralo'ji.sches Lexikon fkr das Konigreich Sachsen, Leipzig, 204, 1894; 
H. 'I’rHube, Die minerale SchUsiens, Breslau, 144, 1888; K. IX Glinka, Bull. Soc. Nat. St. Peters^ 
burg. 24. 100, 11H)0; S. .J. Thugutt, Centr. Min., 079, 1900; A. von Konen, Neues Jahrb. Min., 
88, 1875 ; E. Luzzato, Uiv. Min. Crist. Ital, 4. 1889; 0. B. Negri, ib., 7. 16,1890; E. Matti¬ 

rolo, Atti Acc4mI. Torino, 21. 848, 1880; S. R. Paijkull, Upsaia, 1875; E. Manasse, Proc. Soc. 
Toscana, 15. 20, 1900; G. Meneghine, Amer. Journ. Science, (2), 14. tU, 1852 ; F. A. tlenth, 
ib., (.5). 43. 184. 1892; C. Bergeinann, Pogg. Ann., 84. 491, 1861 ; W. C. Brogger, Zeit. Krysl, 
16. 018, 18!K); F. Gonnard, Bull Soc. Min., 14. 170, 1891 ; J. Loronzen, Mc^. om Gronlatid, 
7, 1884; G. Lindstnim. Geol. For. Fdrh. Ctoekhdm, 9. 436, 1887; M. Vatonno, Ann. Mines, 
(6), 12. 634,1857; H. J. Harrington, Trans. Boy. Soc. Canada, 11.26,1905; (’. IX Louderbock, 
Rwi/. Geol. Defit. Ihiir. ('alifornia, 5. 331,1909; R. Jezek, Abhand. B6hm. Akad., 18. 62,1909; 
W. H. Melville, Hnll U.S. Geol Sur., 90, 1892; G. Steiger, ib., 207, 1902; F. W. Clarke, ib., 
419. 1910; A. Pelikan, Sitzber. Akad. ^ien, 111. 334,1901; C. von Hauer, ib., 12. 291. 1854; 
K. Zsehau, Isis Dresden, 90,1893; J. N. von Fuchs, Schweigger's Journ., 18.1,1816; E. Billows, 
Bass. Miu. Met. ('him.,^t. 71, 1924.'^' 

*» G. Friedel, BuU. Soc-. Min., 19. 93, 363, 1896 ; 22. 84, 1899; F. Grandjcan, tb., 33. 31, 
1910: K. Sommerfeld, Neues Jahrb. Min., u. 134,1903 ; F. Rinne, ib., ii, 28,1897; i. 1.1899; 
Fortsehr, Min., 3.168,1913 ; G. Tschermak, Lehrhuch der Mineralogie, Wien, 490,1886; Sitzber. 
Akad. IFiVn. 126. 541, 1917; 127. 177,1918; F. Zambonini, Atti Aecad. Napoli, 14.117,1908; 
Sitzber. Akad. IFVrn, 114. 466,1906; Zeit. phys. ('hem., 53,' 340,1905; C. DoeUer, Pkysikalisehe’ 
chemische Mineralogie, Leipzig, 168, 1905; Neues Jahib. Min., i, 11, 1890; F. W. Clarke, The 



SILICON 


661 


ConMiiiiiion of iht Naiwal Washington, 42, 1914 j IhtU. V.8. Orol. Sur., 125, 1895; 

Amer. Journ. Scifttce, (3). 48. 187,1895 ; K. S. Dana, ib., (4), 9. 345,1900 ; P. CJwth. Tohilhmehr 
UeUmchl d^r Mineralien, Braunschweig. 1898 ; G. F. H. Smith, F. N. Asheroft, and (J. T. IVmr. 
Min. Mag., 17. 274, 305,1916 ; S. J. Thtjgutt, Cen/r. Min., 6V7,1909 ; Neats Jahrb. Min. Ji.Ii , 
9. 600,1894 ; K. Baschieri, Proe. Sor. Toscana, 16. 34, 1907 ; Neues Jokrh. Min., ii, 314, 1908 : 
A. Juhnsen, ih., ii, 132, 1903; A. Damour, ('ompt. Jicnd., 44. 975, 1857 ; W. K. llillcbrana, 
Journ. Amer. Chem. Soc., 30. 1120, 1908 ; F. Singer, Veber kUnstliche ZetAiihe und thnn hntsli- 
tutioMlkn Zusammenhang mil andern Siliwien, Berlin, 1910; (\ F. Raininelsbcig, liundltuch 
der Mwralchtmie, Leipzig, 631, 1875; Zeit^ dcut. geol. (ks., 21. 96, 1869; (\ HcrHi h, 
Ikr Wcmergehalt der Zedithe, Ziirich, 34, 1887 ; G. Stoklossa, Nems Jahrb. Min. B.H., 42. 20, 
1918; Ueb^die NtUurde.'t IVassers in den ZeolUhen, Stuttgart, 201,1917. 

»M'. Dooltcr, Tschmnak's Mitt., (2), 26. 106. 1906; Neues Jahrb. Min., i, 134. iHfKI; 
S. J. Thugutt, News Jahrb. Mtn. B.B., 9. 659, 1895; Mineralchemisckr Studtm, Dorpat, 1891 ; 
J. Lc'inberg, Zeit. deui. geol. (Jes., 28. 551. 1876; J. E. HihHcli, TschermaFs MiU., (2). 23. 326, 
1904; A. Kdikan, ib., (2), 25.113,1906; A. Brun, Hrcherchcs stir I'crhaluuon whunguc, GcnM'C, 
1911 ; A. L, Day and E. S. Shepherd, Compl. Rend., 157. 1027, 1918 ; (!. N. Fenner, .inn. A’cie 
York Aoid.,20. 93,1910. 

J. N. von Fuchs and A. K. iieMrn. Schin iijijtr's Journ., 8. 353.1813 : 18 I. ISIO ; G. K<»w) 
and P. l{\v!ai,Sifzber. Akad Hirlin, 115,1843 ; (1. Pisjij. ,1««..28.424,1S33; W. Broggi'r. 
Zeil. hryst., 3. 478, 1879 ; 16. 596.181M) ; Hiol. For. Fork Stockliohn. 9. 26(5. 1887 ; S J. TliiignU, 
('tnlr. Min., 40.7, 1911 ; W. W. Cohleiitz, hn'tsiujalxons of Infia nd Sjmtra. Wuslnnglon, 3. 
24. 1906 ; 4 87. I9W»; K. Artini, Rend. .-head. Unci, (4). 3. 245. I8H7 ; 4. 76, 1887 ; 4. a. 51. 
1888; 5. 37, 1889; (!. Stadtlander, Neiivs Jahrb. ii, 113. 1885 ; 0. Luedecke, ib., ii, 7, 
1881 ; Zett. Nat. Hist. Halle, 63. 42, 1890 ; (f. B. Negri, Rtr. Mtn. Padoni, 7. 82, IHIK); V von 
Lang, Phtl. Mag., (4), 25. 43,1863 ; A. dest'kiizeaux, Mannelde minSralogie, Bans, 1. 3K1,1862 ; 
Nourdlefi rerherches sur les ftropriRes ojttiyue.s des crtsUiHx, i^uris, .585, 1867 ; E. Pttlla, Ziil, 
hryst.,9. 388.1881; K. Zitnanyi, tb., 22. 342.1894 ; A. von liSsaulx, »5., 6. 335.1881; 8. Kn'ulz, 
tb, 43. 188, 1911 ; (). B. Boggild, Jhn.-ike Vul tSelsl^., 4. 8, 1922 ; A. Lacroix, Bull. Soc. Mtn., 8. 
334, 1885; F. Rinne, iS'i/stir. Akad. Berlin, 1106, 1890; (). \Veig<‘l, Zeit. Ktyst , 68. 183. 1923 j 
J. do\y, Proe. Roy 5V>r., 41. 250,1887 ; (J Tammaim, pAv'*. GAm., 27. 327.1898; A. I’elikun, 
Stizher. Akad. IFiV/f, 111. ,334. 1902 ; G. 'rsehermak, ih.. 126. m\, 1917 ; G. W. Hankel, SiL-Zur. 
Sdchf. .Akad .12. 1, 1878 ; (I’lerf .4««.. 8. 51. 1879 ; K. Eiigelliardt. Lntmne.Kt nirsrheinun/jfn d*r 
MtfKraUn itn ullranolettfii itrhl., Jena, 27, 1913 ; (). Mulert, Zrtl. anory. ('him., 76. 236, 1912 ; 
.1. Kunigsberger and W. J. Muller, Ni ia.s Jahrb. Min. B.B., 44. 402, 1921; H. G. Backluud, 
Aela .lead .iboensis, 1. I. 1920; B. Mauntz, Foldl Kozl., 41. 193, 1911 ; Tsrftrrmak's MtU., 
(2), 31. 469. 1912; J. E. HiUseli. tb., (2). 34. 262. 1917; A. Seheit. lA.. (2), 31. 495, 1912; 
R. Gorgey, b , (2), 28. 77, 11K)9 ; S. Kieharz, Znt. d<uf. geol. (les., 72. I, 1920; G. CcMaro, Bull, 
Acad. Bely., 486, 11K)9; <i. F. H. Smith, F. N. Asluroft. and G. '1'. Prior, Mtn. Mag., 17. 274, 
305, 1916; S. G. Gordon, vlmfr. Min.,9. 125, 1923. 

** W. F. Ilillelirand, Journ. Amer. Chem. Soc., 30. 1120, 1908; G. Steiger, tb., 21. 437, 
1899 : Bull. f'.S. Ceol. Sur., 262, 1899; F. VV. Clarke and (». Steiger, Amer. Journ. Seunce, (4), 
9. 345, 1900 ; S. J. Thugutt, Centr. Mm., 677, I9t)9 ; Neues Jahrb. Mtn. B.B., 9. 600, 1894 ; 
Mineralrkemisch. Studien, Dorpat, 1891; C. IL A. Kiehhorn, Pogg. elnu., 106. 130, 1858; 
A. Damour, .!««. Ckim. Phtfs., (3), 53. 445. 1858; A. Kenngott, Neurs Jahrb. Min., 77, 307, 
769, 1867 ; K. Dulmer, tb., 257. 1878; G. SiHem, tb.. 526. 1852 ; C. DooHor, ih., i. 134, 181K>; 
TscRcnmk's MiU., (2). 11. 327, J. l^niUTg, Zeit. deal, giol, Hes., 28. 551, 1876 ; 39. 580, 1887; 
40. 642, 1888 ; Proc. Soc. Science IFnrwM', 8. 655, 1913 ; J. R. Blum, Ihc Pseudomorphosen des 
Mineralr*^khs, Stuttgart. 1. 60. 1843 ; C. R. van Rise, A Treatise on Melamorphuin, Waslungt^ui, 
334. 1904; (i. Tsehermak. Akad. Wtni 47. 117, IH03; A Gunlhcr-Schulzc*, Zn/. pA^^. 

Chem., 89 108, 1914; V. P. Smirnoff, The Inftuenre of Humus Compounds on the. Weathering of 
.Alamijussilieales, Kharkotf, 1016. 


§ 43: The Felspars 

Felspar is a class, name for a group of related minerals. They arc the most 
important constituents of rocks; indeed, h, W. Clarke \ estimated that nearly 60 
per cent, of the material contained in igneous rocks is felspar. A system of 
classifying rocks has been based on the particular type of felspar they contain. 
This important mineral species does not appear to have been particularly noticed 
by the earlier writers. G. Agricola probably alluded to felspar in saying silex ex 
eoidu ferri facile ignis didlnr—ex cubis alinsgue Jiguris iiUersectis conslans; 
J. G. Wallerius referred to it as white, grey, and reil fdlspal, and spalwn pgrimachum ; 
and A. Cronstedt, is^altspat, and spatum scMllans. The scholars arc not certain 
if the “ feld ” is derived from Fels, a rook, as R. Kirwan, and M. H. Klaproth 
apparently assume in respectively calling the mineral felspar, and Felsspalh, because 
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of its common occurrence in granite rocks; or from Fdd, a field, in allusion to 
crystals being found scattered on the ground in some parts of the country. 
C. Hintze's view is that the F^ld is the result of mutilating an old word in order 
to adapt it to the popular mind. The original word cannot now be traced. The 
tSrm Feldspar is used ia Gennainy, and felspar in England. 

J. B. L. Rom<J de ITsle mentioned seventeen varieties of felspar, but designated 
by special name only pierre de Labrador. G. Rose attempted a classification of 
the varieties known in 1823. The list haS been extended and may now be taken to 
include the following idealized types. There are a humber of varieties to some of 
these types. These may be arranged in two groups 

I. Trisilicates." iihe, empirical composition of these felspars corresponds with 
K. 20 .Alj, 03 .GSi 02 , or KAlSi^Og. It is, however, extremely rare to find a potash 
felspar without some accompanying soda, and conversely. Some lime is also 
usually present. These felspars include the artificially-prepared lithia-fehparj 
rubidiafelspari and cccsia-Jehpar: 


P<^ifih-Jdspar, KAlSijOg 

iVo<la-/el«par, NaAlSigO^. 

Soda-pc4aeh-felf*par/t (Na,K)AlSi 
Or:Ab«l: 0-4; I . 

4; 1-3-.2. 
3:2-l:l. 


Monoclinic 
Triclinic 
Monocliiiic 
Triclinic . 
Triclinic . 
Monoclinic 
Monoclinic 
Monoclimc 
’ Monoclinic 


Ortiioclase (Or) 
Microcline 

llAHBIERlTK 

Albite (Ab) 

Anokthoclase 

Adularia 

Amazonite 

Perthitk 

J.OXOCLA8E 


II. Disilicales.- These are typified by anorthite, (‘a0.AL03.2Si02, or 
0aAl2Si2O8; and possibly the artificially-preparc'd .soda-anortliite, Na.2Al2Si208 ‘ 

i^ioda-anortkite, NttjALSjaOg . . Tricliiiio . . Cabnkgieite (Cg) 

lime-fdsjMir, CaAlj^inOg • • Triclinic . . Anorthite (An) 

liari/ta-ff'UjKir, BaAljSijO^ . . Monoclinic . Celsian 


Mixed db and trisilicafes are typified by a whole series of isomorjihous niixture.s 
of the alkali trisilieates, and alkaline earth disilicates. 


Linii>»oda-fel8par.% Ab : An= 6 : 1 ~3 : 1 Triclinic 
3: 1 — 1 : 1 Triclinic 
1: 1 — 1; 3 Triclinic 
1: 3 -1 : 6 'J’riclinic 
Mixed-felspar, Cg: Ab : An . . Triclinic 

liaryta-potash-JeUpar, (K 2 ,Ba)AhSi 4 O 9 Monoclinic 


OUQOCLASE 

Andesine 

Labradorite 

Bytownite 

Anemoi^site 

HYALOI'HANK 


The classification here given for the soda-potash-fclspars, and the soda-limc- 
felspars is due to G. Tschermak.'^ The subdivisions are quite arbitrary. Others 
for the soda-lime-felspars have been proposed by M. Scliuster, and J. D. Dana. 
The artificial lithia-felspar, rubidiafelspar, ccesiafehpar, strontia-felspar, magnesia- 
felspar, lead-felspar, zine-fchpar, pofask-anortkite, and fcmc-orthochse, which are 
mentioned below, are not included in Gie teble. 


Ordinary potash-felspar occurs in crystals or cleavable msssos. Tlie rectangular 
cleavage of some felspars suggested to K. J. Haiiy ’ the nanie orthose —from opBot, 
straiglit. A. Breithaupt, for a somewhat similar reason, called it orthoclase —from op$os, 
straight; and to break. A cleayable glassy felspar from Drachenfela was described 
by C. W. Nose, and called by J. J. Noggemth sanidine —from aavls, a tablet—in allusion 
to its usually occurring in tabular civstals. Hi. H Klaproth showed that sanidine is 
chemically the same as orthoclase. The ice-spar of A. G. Werner belongs to the same 
mineral species. Q. Kobo found tliat the mineral from Monte Soma u'hich he called ryacolite 
or rhyarolile —from ptlaf (lava), stream; and a stone—is glassy felspar mixed with 
some nephelite. K. I4ni described a felspar from Adula wliioh ha called adulaire, and 
which is now called adularia, after A. 0. Werner’s su^^estion. From L. A. Emraerling’s 
and G. A. Keimgott's observations, Adula formerly include<l a more extensive area than it 
does to-day. Adularia is transparent, cleavable, and often has pearly opalescent reflections 
exhibiting a play of coloun like labradorite. The so-dklled moonstone, pime de lune, or 
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M(md«kin is a variety of adularia, albite, or oligoclaae. J. C. Dolain 6 theri 0 callcHi it 
Aecotoftte—from fKarTf, the moon. A. Breithaupt found a mineraJ which Jie calltnl itifruri- 

anite in a silver mine at V'alenciana* Mexico. It was adularia. Other names seem to have 
been given to orthoclase or microcline moro or less at random—«.</. A. l^reithaupt’s /xirn- 
doxile from tlie tin mines at Marienheig is orthoclase witli very little soda ; acconimg 
tl»e analyses of W. Schuler, tlie mineral paiadoxite from Euba, Saxony, is a potasli-felspar. 
A. Hreitliaupt’s coUaite, from Carlsbad, Bohemia-named in honour of B. von Cotta - 
is greyish-wliite urtlioclaae; and his mvldan, Irom Mulda, near EreilK*rg, was shovui by 
C. F. Rammelsberp to be orciinary orthm^lase.# An ortlioehise found by F. V. HaydcMi liwir 
Baltimore waacallcxl necrondc:—froni viKpos, a corpse—in allusion to its fmtid odour when 
struck. E. 1>. Clarke’s fcc/i/r is a flesh-red orthoclase named after J. F. Leo; J. D. Dana’s 
clu’fderlite from Chester Co., I’enn, is a mioroclme. Other orthoclases are 0. .lenzsch's 
tt’CMsijTi/cfromWeissig, near Dresden ; 1. lAMXulotmhU from l.onni, lVnn.,andhis</r/«mwitt’ 
from Lenni, which have a pearly luhtro: and T. Thomson’s crythritc -itom ipv6p6\s rx\l. 
W. Phillips called a fleeh-red felspar resemhlmg j>ertluto, »iMrcAisonj/c—in honour of 
R. I. Murchison. It was obtained at Dawlisli and Exeter. N. von Noidenskjtdd apjilied 
the tenn lazur-felfpar to a felspar witli the cleavage of orthoclase accompanyingtlielapis- 
lazuli of Lake Baikal. A. Bnatliaupt called llie ortlioclase from Hammond, New York, 
forof/osc—from Aofdv, transverse; and »fAaVt 5 . fractunv-m allusion to the peculiar 
cleavage parallel to the orthodiagoiml section. J. L. Smith and 0. J. linishix'gardi'd it as 
a sanidiiio ; and A. des Cloizeaux as u mixture of orthoclase and albite laminations Tho 
so-< alled HunKtone, pmre <k aokil, or S’onMcns/<m, was shown by T. Sclieerer, ami .\. dcs 
Cloizeaux to bo an avonturiiie-orthoclaKO, aiwociated with albite or oligoclase 
J. C. Dolanidtherio called it lieholtte - from tjAtoj, tlie sun. 1, Idea’s autniuile is an 
avcnturine-felspar from I^nni, I^enn. T. Thomson’s pcrthite, from I’orih, Canada, was 
shown by T. S. Hunt to be a so<la-potash felspar, and A. Breitliaupt, U. A. Konngott, 
and 1). (jorhard showed that it cousists of intorlaininations of albite and orthoclase. .Similar 
perthitea wore described by A. Strong, H. Crodner, (} 'J’schernmk, I*. Mann. J. H. Khxjs. 
G. VVoitschach, etc. When the laminations are visible only microscopically, F. Bock calle<l 
it miCTopcrthiU ; the.se minerals were exarnimKi by A. W. Stelzner. Tho name minvrhnc 
—from gtif/xjf, a little; and to incline—woe given by A. Jireithaupt to felspars 

wliich have a slightly larger angle between the two cleavage planes than tho 110 “ characteristic 
of ortlioclase. G. Foi-cliliammer applied the tenn krMUf to a mineral from Kralila. nr 
Krailft, Iceland, and (j. Flink called it krajide. G. Forclihammcr called a pearly irnnerul 
from Baula, baulUe. I*. Scliirlitz, F. A. Genth, H. ihickstrom, etc., studied tliis rninorul; 
and G. Flink regnnls it us a lipanto rock containing orthoclase, quartz, etc. A. des 
Cloizeaux showed that while orthoeJuso is monocliriic, the microcUnos are triclmic. 
A. Breitlianpt propo-senJ the term feUUe in place of felspar, and he suggestoii I'dlling the 
iion-imcrcK-lmic feUto by tlio term pt^gnuUolUe. J*. Mann, and C. T. Neubauercallwl perlhito 
formed by tlio interlaminations of microcline and albite, nncm lint -prrthitc. W. C. HrOgger 
investigated tlie oithoclwn -imcropeTthUe, tlie murorhnc-murojieiihitc, and micropertliib's of 
other felspars. Tliese art'i often cliaracbTi/.ed by a marked srhillenzation. He ossimiw 
tliat tho Bcliiller w caused by laminations of tlie two felspars so extremely fine that they an» 
not iliscernible by tlio iijicrosco|} 0 . He calliHl these cryidopvrihli’^i. A. Breitliaupt called 
tho Amazon felsite amazoniic. Tliis is a bright, verdigris-groen, micioclinic felspar also 
called amo:e?t stone or ptrrre de4i atiiazoneji. it occurs m Ural, and Soutli America. A. des 
Cloizeaux, and N. von Kokscliaroff assimiod tho existence of two umazonites, one corre¬ 
sponding to orthoclase, tho otlier to inicroelmo. 

Tho sdiorl blane of J. B. L Rom/i de I'lslo * was probably soda-felspar, hkewisi'i also < he 
krumnibldtternjei of L. Htslenberg. It was ealled from W’hito by 

J. G. Gahn and J. .f. Berzelius in iHl.'i, an<l the mineral was analyzed by V. Eggerlz m IHIH. 
G. Rose regarded albite iw an indepemlent spis ii^s; an<l A. Breitbaujit proposed Martin 
lor the name of soda-felspar m allusion to llu* t<»tartuiiodral tiTininal fm'os. He also a]>p]ied 
tho term pendme to a variety from tho Alps--from 7 ^c/n^<AlvlJt, steep- in allusion t-o 
” the marked inclination of the terminal faces to tlie tirst lateral.” I’oriclino was analyzed 
by C. G. tfmelin. H. Tbaulow', and W. Haidniger showed that pericline and albite ai-e tho 
same. Tlio subject was also discu.ssed by F. M unzing. A white lamellar albite from 
('liesterfield, Muas, was nanw'd deavelanditc- ^tcr 1*. Cleaveland--by H. J. Brooke. A 
binckisli-groen albito from Arendal was named by A. Brcitlmupt, hyposderitc - honx ewo. 
under; and wAij/ws, bard--in allusion to its softnoss. C. F. Rammelslxirg said that 
T) per cent, of pyroxene is present. T, Thomson applied the term perMerite— from ittpumpd, 
pigeon—to a white albito fitim V'illeneuve, Canada. Tho name refers to tho fanciful 
resemblance of its iridescent colours to those on fho neck of a pigeon. T. ^k•h(ie^o^ callwl 
an albite from Snarurn, N’orw'ay, olafiie. The nature of this mineral was discussfvJ by A. des 
Cloizeaux, A. Breitliaupt, and C. H. Schneidhauer. 0. L. Enlmaim analyzcKl a Norwegian 
albite ; C. F. Raminelsberg callofl it sigtetnlc. (not softerUe} because it come from Bigtew> 
(not Sigtorio) Island, Langt'sund Honh and C. A. Tenno showed that it is a mixture of 
albite and eudialyte. H. S. W'oshington places sigtosite in the plagioclaso series betwmi 
andeeite and oligoclose, but wjt[i soda-anorthite (camegieito) m place of aiiortliite. 
A. Breithaupt called a mineral from Andreosberg, Harz, zygadite—irom (vya8i;v, in pairs 
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M. E. Denacyer regarded niicrocline as being forgied from three components in 
solid Boln. B. Oossuer written for albiteSi 03 Na 2 [Si 02 ,Al 203 ] 4 Si 02 taud bis hypothesis 
is also based on a kind of co-ordination plan which offers no particular advantages 
—vitie infra. 1*. Niggli represented albite by 

[Al(Si04Si02SiO,)3]J‘^^ 

anil E. T. Wlu'rry by NaAllSiaOg). Maiay other suggestions have been made and 
are indicated by reference, in the discussion on the general formulie for silicates. 
The impression obtained is that the arrangement of formulae consistent with the 
valencie.s of the atoms is rather a test of man’s ingenuity than a representation 
of the orientation of the atoms. F. Kinne has obtained X-radlOgrams of sanidine 
and albite, and his interpretation of the results for orthoclase and albite is shown 
in Fig. Illy, where R represents an atom of potassium or sodium. This result 
indicates that the formula of felspar, RAIISisOj), may have to be written 
HAlSilSijO,) orRAlSi(Si 04 ) 2 . 

A. Rivihre said tliat the different kinds of fekspar cannot be sharply distinguished 
from one another, but pass gradually one into the other, (k F. Rammelsberg also 
considered that the felspars should lie regarded as an isomorphous family, and 
not a.s individual sjieeie.s, (1. Rose e.\pres.sed a similar view. He .said that soda- 
felspar pa.sses into [lotash-felspar by the simple substitutioji of potassium for sodium. 



Seiioiuo for the Moleenles of .Vlfnto and Ortlioeliwe. 

of yotasli- and Soda- 

felspars. 

II. Fdrstner described the native soda-orthoclases or anorthoclases, and their pro- 
pertie.s have beim studied by F. Fonque, 0. Kiva, and 0. de Lorenzo and C, Riva. 
Homogeneous mixtures of the two .felspars are found only in volcanic rocks ; in 
other cases, according to W. tk lirogger, the mixture appears as cryptoperthite, 
or, according to F. Becke, as microperthitc. J. H. L. Vogt, and J. A. Houglas have 
made some observations on the m.p. of orthoclase and albite. E. Ditller obtained 
a curve approaching that imlicated in Fig. 140. The dotted line represents the 
beginning of the melting, and the continuous line, the temp, when all is melted. 
There is a minimum in the curve corrcspofiding with 56-60 per cent, of albite or 
44-40 per cent, of orthoclase. There is no sign of the formation of a definite com¬ 
pound of the two felspars.—{/■. Fig. 157. *J. H. L. Vogt assumed that the m.p. curve 
would represent type V (1. 10, 2), but E. Dittler’s result, Fig. 140, corresponds with 
Tyjie III. Felspars between the limits Of: Ah—72 : 28 and 12; 88 give no 
evidence of the formation of mixed arjstals. 

The monoclinic alkali-felspars are common in the more siliceous plutonic rocks— 
for example, orthoclase, muscovitel and quartz are the minerals most conspicuous 
in granites. There is also a tendency for the plagioclase to appear in the less 
siliceous rocks like the gabbros and basalts, and for the felspars to approach anorthite 
as the proportion of silica in the rock decreases. W. Lindgren to reported orthoclase 
as a gangue mineral in metalliferous mineral veins; add R. A. Daly found albite and 
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orthoclase in sedimentary limestones and dolomite. It is inferred that the fi'lspara 
are here of aq. origin, and in the calcareous muds, it is supposed to have been 
formed below 100°, probably below 70°. J. de Lappanmt supjwsed that alga' are 
responsible for the formation of some small cry.stals of albitc which he found asso¬ 
ciated with the remains of alga and foraminifera. Orthoclase has not bef-n 
reported in meteorites. 

The synthesis of the alkali-felspars. Attempts to prepare crystals of alkali- 
felspars by the simple fusion of a mixture*of the constituents always furnish a glass. 
A. L. Day and E. T. Allen ^ «uggested that the viscosity of the alkali-felspars im¬ 
pedes their crystallization in a practicable time. L. A pjiert and .1. Henrivaux heal eil 
glass for a long time in an annealing kiln near the softening temp., and claimed to 
have made microlites of felspar. S. Meunierdevitrified natuial glasses, but, accord¬ 
ing to E. Eouque and A. Michel-Levy, no felspar was praduced. S. lleunicr also 
reported orthoclase to be formed by the action of silicon tetracliloriile on aluminium 
and potassium hydroxides, but F. Fouqud and A. Michel-Levy regard this as non¬ 
proven. A. Brun claimed to have cry.stallized orthoclase glass by the action of 
tluorilcrous vap. If an wji'nt ininemUzalnir be, jiresent, crystallization may ocelli’. 
For example, J. Leiiarcic found that albitc may be recry.stallizcd when fused with 
half its weight of magnetite; a mobile liquid-is thus formed within which crysliil- 
lizatioii can readily occur. 1’. Hautcfeiiille heated a mixture of an alkaline sodiiini 
aluminosilicate and tungstic o.xido to ',)00°-1000°, and obtained albitc, and orlho- 
clase was formed when potaa.sium aluminosilicate was substituted for the sodium 
salt. A mixture of silica, alumina, and potussiiini tungstate also gave orthoclase ; 
and a mixture of potassium aluminixsilicate, and alkali jiliosjihate and lluoride 
gave orthoclase and quartz. C. Doelter also obtained potassium-felspar by 
fusing a mixture corresponding with KAISi 04 , and jiotassium fluoride and fliio- 
silieate. A. L. Day and E. T. Allen heated a mixture of powdered albitc glass and 
sodium tungstate. They found that the fragments of ghnss became, crystalline 
without changing their form, indicating that the transformation occurred without 
dissolution of the material; on the other hand, K. C. Wallace observed that the 
crystallization at the zone of contact of the albitc with the sodium tungstate is 
greatly accelerated, but the velocity of crystallization in the interior of the glass 
is not greatly affected. G. W. Morey and N. L. Bowen found that artificial crystals 
of orthoclase could be obtained by heating the glass and water vap. in a bomb. 

F. Fouqiie and A. Michel-Levy attempted to prepare artificial rocks containing 
orthoclase, but they succeeded only in producing plagioelase. K. I’ctrascli obtained 
albite in artificial rocks. K. Bauer obtained plagioelase melting granite and 
Vesuvian lava; but both plagioelase and orthoclase were jirodiiced by melting a 
mixture of granite, sodium chloride, and pqtassiiiin tungstate, J. Morozewic.z 
heated various mixtures of the composition of trachyte rocks, and obtained no 
orthoclase, but he obtained an artificial liparite containing quartz, biotite, and 
sanidine when the liparite mixture and one. per cent, of tungstic oxide was heated 
14 days at 800°-1()00°. J. F. L. Hausmann, C. M. Kersten, A. Gurlt, A. Breitliaupt, 

G. vom Rath, C. J. Heine, F. Zincken, J. T. I’rechtl, H. Avicli, and ('. F. Kanimels- 
berg observed orthoclase, crystals in blast furnace slags. G. V. M' ilson observed 
the formation of felspar by the action of molten glass on bricks. 

The alkali-felspars seem to be produceiLinore easily by hydrothermal processes, 
0. Friedel and E. Sarasin produced quartz and orthoclase by heating gelatinous 
silica, precipitated alumina, potassium hydroxide, and a little water in a steel 
tube at dull redness; and a mixture with f he«composition of albitc with an excess 
of sodium silicate furnished albite when treated in a similar way. K. von (hrust- 
schoff also obtained quartz and orthoclase by hBating a mixture of dialyzed silicic 
acid, alumina, and potassium hydroxide at ilX)° for several months. W. .1. Mtiller 
and J. Konigsberger obtained orthoclase by heating aluminium hydroxide with 
potash water-glass in the presence of carbon dioxide. C. and G. Friedel obtained 
orthoclase by heating muserzvite, notassium silicate, and water at 500°. The 
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critical temp, of water is near 366°, so that it is probable that steam acte as a gaseous 
minStttlizaiPUTf iliscuased by P. Niggli. E. Baur heated variable amounts 
of water, amorjthoiis silicic acid, and potassium or sodium aluminatc in steel 
tubes for several hours at 520°. Orthoclase and albite were obtained only from 
soln. coritaitiiug an exctsis of base. The results are summarized in Jigs. 141 and 
142. In his study of l-he binary system, NaAlSi 04 -KAlSi 04 , N. L. Bowen found 
that the sodium compound occurs in two cnantiomorphous forms, nephelite and car- 
negieite, with an inversion point at 1248°.* The higher temp, form, carnegeite, melts 
at 1526°. The potassium compound also shows tw« forms: kaliophilite, isomor- 
phous with nephelite, and a rhombic form with twinning, like that of aragonite. 
The rhombic form is apparently stable at temp, above 1540°, and melts at about 
1800°. Th(^ potassium compound has a eutectic with carnegieite at 1404°. With 
ne[)helite, it forms an uidjroken series of solid soln. It is concluded, therefore, 
that NaAlSiO, and KA18i04 are the fundamental mols. of natural nephelite. The 
prea(!n(!e of calcium and of excess of silica in the natural nnneral is explained by 
th(^ solid soln. of the albite, NaAlSijOj, and anorthitl^ CaALSijOs, mols. 

W. Vernadsky <letected lithium, rubidium, and ciesium in many felspars, and 




KjO-AljOj-SiOj,iiitlreHyclrotheriiml Na,()-Alj()j-Si();, in tlio Hydro- 

Jteaction at 520'*. thermal Heartion at 620". 

assumed that, these elemeid,s were present as felspars in solid soln. He synthesized 
fuhidia-fi'Isjmr. P. Barbier found rubidium and lithium in 25 orthoclases and none 
in 10 microclines. Hence, he suggested the te.sting for the presence or alwence of 
these elements as a chemical means of distinguishing microclines from orthoclases. 
W. Vernadsky and E. Kevoutsky, Tiowever, showed that the test breaks down. 
Many microclines do contain these elements. H. Ramage confirmed this. 
W. H. Hillebraud found lithia in some microclines. A. de (Iramont found rubidium, 
caiaium, gallium, and thallium in the microclines from Madagascar ; W. Vernadsky 
also found thallium in some orthoclases. E. Dittler made some felspars which 
contained lHhia-fdspar, rvh'dia-Jdsyar, and ania-felspar. The litlna.-felspar, 
LiAlSisOj, obtained by R. Ballo and E. Dittler by fusing a mixture of lithium 
metaluminate and silica in the right_ proportions melts at about 1250°- nirfe 
lUhium aluminium mesolrilUkak. P. Hautefcuille and A. Perry heated a mixture 
of silica, ferric oxide, potassium vanadate, and nitrate at 700°, and obtained iron 
leucite, and fmic-orihochse whose cumpositiob corresponds with KFeSisOs. 

The physical properti^ Ol the ^kali-felspars. —The purer felspars are trans¬ 
parent and colourless. As T. Schorrer 12 indicated, the colour of many felspars is 
due to the presence of various inclusions which act as pigments; these may be 
microscopic or submicroscopic. The opacity of felspar crystals may arise from a 
multitude of inclusions. The yellowish, pink, and red tints usually come from 
iron oxides, although after calcination the red Swedish and Norwegian felspars 




SILICON 


669 


often have a whiter colour than*t.he white Canadian felspars. The pinkish felspars 
are usually potash-felspars, though some albites have the same colour, (ireen 
colours are presumably derived from ferrous silicate inclusions, e.g. chlorite; but 
in some cases the cause of the colour is not known—in'rfc infra, sehilierisation. The 
pearly bluish opalescence of Singalese moonstone may I* due to the lamination 
of different felspars ; to inclusions; or to decomposition; .it is most conspicuous 
when turned towards the observer. A. jjes Cloizeaux attributed the. green colora¬ 
tion to copper compounds, but E. Erdmann said the colour is more likely to be 
organic matter since the green felspar becomes white when calcined. Dark grey 
felspars owe their colour to innumerable dark-coloured inclusions or minute part ides. 
These are common in the lime-felsjiars. 

The crystals of the alkali-felspars were examined by J. B. L. Home ile l isle,'* 
E. I’ini, 0. S. Weiss, G. Rose, A. T. Kupffer, ,1. 1). Mackfnzie, K. Schlossmacher, 
etc. The general results showed that the crystals belong to the monoclinic, 
system : and N. von Kokscharoff gave for the axial ratios of orthoclase a Jr.e 
—O-eOHf): 1:1:0'5538, and j3-=;63° 56' 46". The crystals of plagioclase and 
anorthite belong to the trielinic .system, and since most of these contain a))|)reciable 
(luantities of potassium in solid soln., it must he assumed that monoclinic ortho- 
dase can form isomorphous mixtures with'tridinic plagioclase, or that, jiotash- 
felspar is dimorphous. In 1876, A. des C’loizeaux w showed that many potash- 
felspars are optically triclimc, and he groujied the.se under the name microcline. 
About the same time, on account of irregularities in angles and dcavage.s, E. Mallard, 
and A. Michel-Levy suggested that if the cross-twinning and interpenetration of 
microcline be so minute as to be invisible under the microscope, the crystals would 
appear to be monoclinic and possess all the ojitical properties of orthoclase ; other¬ 
wise expressed, ordinary orthoclase is e.xtreindy finely laindlated microcline. If this 
actually be the case, then orthoclase would be ])seudo-monodinic, but in reality it is 
triclinic; and the felspars, as a class, are all triclinic. This question has given rise 
to much duscissiou by A. Miehd-Levy and A. Lacroix, W. L. Brdgger, B. (iroth, 
K. Brauns, H. Fdrstner, F. Klockmann, F. Rinne, A. Beutell, J. Ldmiann, F. Becke, 
J. II. L. Vogt, etc. II. A. Miera, .1. 1). Dana, 11. Rosenbiisch. ('. Dodter. F. Zirkel, 
and (1. Tsehermak regard potash-fdsjiar as dimorphous with monoclinic ortho¬ 
clase, and triclinic microcline. (!. llintze regards potaah-fdspar as exclusively 
tridinic, with orthoclase as a pseudo-monodinic form. According to F. Klockmann. 
if orthoclase bo really tridinic, the axial ratios are a : h : <: (I fi-lttb : 1 : 
and 0=90“ 7', ^^--115“ 50', and y-^89“ ,55'. According to E, Mackinen, alkali- 
felspars with 0-30 per cent, of orthoclase crystallize tridinic. at the highest temp., 
and those with 30-100 per cent., monoclinic. 

The crystals of albite were examined by fi. Rose, 0. vom Rath, M, Sdiiister, 
B. Krebs, etc. A. des L'loizeaux gave for the axial ratios of the tridinic crystals, 
o:6:c=b'6,3347:l :0'55771, and- a 94“ j8--ll6" 28J' and y 88“ 8f; 

S. von Glinka gave 0 6.330 :1: 0-5573, and a=94“ 5', ^ 116“ 27', and y- 88“ T ; 
B ICrebs 0-6352 ; 1 : 0-5584, and a- 94" 14-6', ;8. 116“ 35-7', and y 87" 46-0'; 
C Melczer, 0-635:1:0-5578, and 94“ 6', ^ -116“ .36J', and y 87“ .52'; 
0 Dreyer and V. M. Goldschmidt, 0 6376 : 1 : 0-5592, and a = d)4" 15', ^=116" .37', 
and y=87“ 41'; and C. Viola, 0 635:1 :0-657, and a --94“ 15', ^ -116“ .32', and 

y=88“ 5'. * 

The monoclinic felspars with notable amounts of soda can be called soda-orlho- 
closes; here the. molar proportion qf soda is less than that of the potash. When 
the molar proportion of soda exceeds that jKhe imtash, the crystals arc generally 
tridinic, and are soda-microdines, or anorthoclases. P. Barbier and co-workers 
analvses of some potash-aoda-felspars showed ftiat although the soda was in excess 
of the potash, the crystals were monoclinic—in one case only 1 15 per cent. KjO 
was present F. Angel described a monoclinic soda-sanidinc. The monoclinic 
soda-felspar was called barbierite by W. T. Schaller. It therefore appears that 
soda-felspar and potash-felspar arc dimorphous. The available evidence as to 
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whether the mixed alkali-felspars are simply iftomorphous or isodimorphous is 
not conclusive. H. Baumhauer, and F. J. Wiik found the corrosion figures 
obtained by treating adularia with hydrofluoric acid are characteristic of the mono, 
clinic system. H. Baumhauer also examined the effect with albite. J. Konigs- 
berger and W. J. Mtillcf obtainiM corrosion figures with potash-felspar and water. 
A. E. Persman found tourmaline and felspar grouped together at Mursinka, Ural. 

As a rule, equidimensional crystals ^re found most frequently in potash-fel- 
sjiar in large prismatic crystals. The microscopic crystals of potash-felspar are 
usually tabular. In the i<leali7.ed crystal, Fig. 143,'the faces are 111(010), F(OOl), 
i(llO), 1(101), y(20]), o(lll), and «(021); and the angles are IM, 59° 24'; ll, 
61° 13'; Px, ,50° 17'; Py, 80° 18'; and Pn, 44° 57'. These angles have been 
measured by N. von Kokscharoff, V. von Zepharovich, A. Hamberg, G. A. Kenngott, 
N. V. Ussing, A. CathreiA, A. des Cloizeaux, A. Levy, M. von dom Borne, A. Becker, 
M. Websky, 0. votn Rath, R. Brauns, M. Schastcr, J. H. Kloos, F. A. Quenstedt, 
A. Beutell, F. Klockmann, G. Kalb, etc. F. Kinnc, S. Kozu and K. Seto 
investigated the X-rudiogram of sanidine; S. Kozu and co-workers, the 
X-radiograms of moonstone, and ailtdaria—uidc infra, Fig. 146; E. Schiebold, 
that of albite; and A. Haihimg, tbo.sj; of the adularia, sanidine, albite, microcline, 
minro[)(^rtbite, and anorthoelase. For deductions from the X-radiograms of the 
alkali fidspars, vntr Fig. 1,39. The crystals show three distinct habits, (i) the. 
Hamm hahil, in which the crystal is (dongated along the faces PM, Fig. 144 ; (ii) 
the mniiliiir hahit, in which tlie crystals are, tabular along M, Fig. 145; and (iii) 
the luhilaria haint, in which the prismatic cry.stals have rear hemi<lomes, Fig. 146. 
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The crystals of felspar arc usually twinned, but sometimes not twinned. The 
twinning may be in ona, two, or three directions. Sixteen different modes of twin¬ 
ning have been observed. Some are, extremely rare ; some may be chance group¬ 
ings. F. Sebarff has discussed Hie Hnmeeise des Feldspaths. The three most 
commou modes of twinning are named after particular localities where the first 
specimens which attracted notice were found—Carlsbad, Bohemia; Baveno, 
North Italy ; and Manebach, 'rhuringia. The first two were named by F. A. Quen- 
stedt, and the last one by ,T. R. Blum. The second kind was described by 
J. B, L. Rom6 dc ITslc, and all three, were, desicribed by R. J. Haiiy. The twinning 
of potash-felspar was also discussed by F. Mohs, C. F. Naumaun, J. I). Mackenzie, 
G. vom Rath, J. F. Ij. Hausmann, A. Breithaupt, G. Cesaro, G. Rose, N. von 
Kokscharoff, E. A. H. Laspeyres, G. .Tscherraak, J. Hirschwald, L. Calderon, 
F. Klockmann, W. Muller,' K. Haushofer, 0. Mugge. (i) In Carlsbad twinning. 
Fig. 145, the face Jlf(OlO) is the plane of the twinning so that it truncates the obtuse 
edge of the vertical crystal. In the.diagram,''analogous faces are indicated by a 
letter with and without a dash. J.'W. Goethe thus alluded to the Carlsbad 
twinning: < 


Tlio individuals in tlie doubled crystals are so interlocked that it is impossible to con¬ 
sider one without considering the other. A description of their form is not sufficient to 
bring it to the imagination, though they may be considered as two rhombic tables united 
to one another. ‘ 
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The crystals may be united as ii Fig, 147, or that diagram reversed, thus forming 
right or left-handed twins, (ii) In Baveiio twiniiinfi the crystals are attached to 
the rocks at one end, and at the free-end they show a.very obtuse angle with a twin 
suture, Fig. 148. The two individuals are united by the «(02t) plane, (iii) In 
Manebnch twinning, Fig. 149, two individuals are united by the /’{(Xll) plan?; 



Kto 147 .-- I''ia. 148,—Bav<Mio Fio U!i Mime. 

Carlsbad Twin. Twin. baeb Tam 


and the base and the pri.sm faces of the normal crystal form a prominent re-entranir 
angle. Sometimes Manebach and llaveno twinnings are combined in a single 
group. 

The faces of the idealized ery.stal of albitc. Fig. LKI. are illustrated by i1/(0|il), 
/’((Kll), L(IIO). /(IIO), j-(iof), and oflfl), and the angle Ml> 86''21'; Ml 
.fi()'26’; IL -ShMl'; /’/-O.y 17'; Wi-IV.IMO' ; Mo M" W : and/’/ 52" 16'. 
.Measurements were made by A. ile.s Cloizeaiix, F, Kloekmanii, S. von (llinka, etc, 
F. Scliarll has written Uetwr die Bniiitrine von Alhilo nnd Pcrildin. The twinning 
of albite occurs according to the Carlsbad, Baveno, and .Manebach plana, but less 
frequently than is the case with orthnclaae. The so-called albite twinning is 
exceedingly common, (iv) In the albite twinning, Fig. 151, the two individuals are, 
united by the, d/(01(l) plane, and the faces PP' at the exposed end make an angle 
of 7° 12' (v) In prrichne twinning. Fig, 152, the contact plane of the individuals 



Fig. ir>() - Fui. -Albito Km Jf )2 • JVrH'IiiMi 

Itioalizcil Albito Twin Twin 

Crystal. 


is nearly along the plane /’, not by reflection, but rather hy rotation about lliC edge 
Px. The line of intersection of tlie faces MM’ is not paralhd to the edge PM, but 
makes an appreciable angle with it. This angle dejiends on the composition of 
the felspar. For instance, 

Mlcroclinc. Anorthitc. Labradorite. Andcsinc. OligocbiHe. Alliib*. 

-80' -18^ -r 0 0^ ^ I" 13 -27" 

The pericline lamellie are less common than tlie albite, laimdhc ; but both are 
abundant and very thin in microclinb. The uolysynthetic twinning of mierwdine 
according to the albite and pericline types'is common. Fine striations by the 
albite twinning can often be observed on the bass! face. The two kinds of twinning 
may give a double scries of fine lamellie nearly at right angles to one another, im 
patting a peculiar and characteristic grating structure when a basal section is ex¬ 
amined in polarized light. Parallel growths of albite on orthoclasc and orthoclasc 
on albite arc common; and*the faces MIL are approximately parallel. This 
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parallel iatergrowth is readily seen in perthite ;ofiner parallel intergrowths pass 
into microperthite or cryptoperthite; and finer still, into anorthoclase. 6. Cesaro, 
6. Rose, 6. vom Rath, C. S’. Naumann have discussed the twinning of albite. 
Felspars usually show distinct cleavage which may be interrupted without extend¬ 
ing to the full length -of the crystal. The cleavage parallel to the (OOl)-face 
, is generally more distinct than that 

, C , , parallel to the (OlO)-facc. Some 

laval felspars do not show cleavage 
cracks.*’ The cleavages of Carlsbad 

B and Baveno twins are illustrated in 

_ Figs. 153 and 154. S. L. Penflcld 

made some observations on the 
cleavage of albite; and J. Lehmann, 
^ on the contraction cracks in that 
§ mineral. Parting is sometimes dis- 
'i ( 010 ) tinct, and often parallel to the (100)- 

P face, sometimes also parallel to a 

hemi-orthodome and inchned a little 
Fkw. 1B3 ami ir)4 --CloHvaKca ot Carlsbad and *'* orthopinacoid producing a 
Havciio Twins of Orthoclaae satin-like lustre or SChlUcr. The 


jiearly opalescence or schillcr may be 
present when the parting is not distinct. The schillcr has been discussed by 
F. tl. Reusch, N. Fiikuchi, Lord Rayleigh, A. des Cloizeaux, G. vom Rath, and 
W. Cross. W. C. Brogger assumes that schillerization is produced by extremely 
fine interlaminations of albite and orthoclasc not discernible microscopically as 
in cryptoperthite. Moonstone also receives its name from this property. S. Kozu 
and co-workers showed that the double arrangement of spots in the X-radiogram 
disappear at 790°, and schillerization also disappears at this temp. Hence, it is 
inferre<l that this property is caused by a spiwial arrangement of the space-lattices 
of two dilferent kinds of solid soln.— vide, infra. In some cases the schillcr is due 
to the interference ])henomena and reflections from minute, inclusions arranged 
in definite jiositions in felspar crystals c.fl. labradorite. The sunstone and 
aveiiturine clfects are produced by mcbisions—Inematite, or hydrated ferric 
oxide—which may bo quite large. The fracture is uneven or conchoidal in 
directions other than those of the cleavage. 

In most cases, the plane of the optic axes of orthoclase is perpendicular to the 
(()10)-face, and the normal is inclined 21° to the c-axis; in other cases, the plane 
of the optic axis is parallel to the (OlO)-fare. With microcline, the plane of the 
optic axes is nearly perpendicular„to the (OlO)-facc. A. des Cloizeaux found 
the opti(! axes of albite proper are always normal to a plane which cute the angle 
(001)(010), and makes with (001) an angle of 10r-102°. A. des (floizeaux found 
the optic axial angles of adularia to be 2h'-69° 43', and 2E 121° 6'. The angles 
are very variable with different specimens ; and in some cases 2F is so small that 
the crystal is nearly uniaxial. The values observed for different samples of ortho¬ 
clase by A. des Cloizeaux, E. Goens, T. Wolf, G. vom Rath, A. MUhlheims, 
K. Zira8nyi,andF. Kohlrausch range from2F-=ir 61'-84° 26'; and2i’=18° 14'- 
126° 22'. For microcline^, and Na-light, N. V, Ussing obtained 2//o=87° 30': 
2//„—lOr 7'; and 2F--83° 41', For albite, A. des CToizcaux’s, and M, Schuster’s 
values range from 2/f„=80°-88° 50'; and 2f/5=102°-109° 26' for the red ray. 
C. Schmidt obtained 2//=83° 45' for the Li-ray; 84° for the Na-ray; and 84° 18' 
for the Tl.ray. K. Zimanyi gave iF=80° 58'. H. Forstner made numerous 
observations on the values for anorthoclases, 2E ranged from 69° 26'-89° 48' 
for Li-light; 68° 27'-88°27' tor Na-light; and 67° 18'-86° 33' for Tl-light. 2F 
ranged from 41° 52'-54° 40' for Li-light; 41° 0'-63° 32' for Na-light; and 40° 12'- 
52° 22' for Tl-light. 2H. ranged from 41° 39'-55° 9' for Li-Ught; 40° 52'-54° 19' 
for Na-light; aud 40° 12'-53° 3' for Tl-light. 2H„ ranged from 125° 14'-15r 33' 
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for Li-Ught; 126“ 12-152“ 33' for Na-Iight; and 127“ 21'-154“ 15'for TUight. 
H. Fischer has made a special study of the optical properties of aibite. 

A. dcs Cloizeaux found that the effect of raising ’the temperature on the optic 
axes of microcline is insignificant, but the effect is vepy marked with ortliocluse, Tlit 
variability of the optic axial angle with temp, indicates an unstable mol. structure 
with respect to temp. The optic axial angle of sauidino from Laach, with red 
light, was found to be 2F=13“ at 18“, aild at 42“ the crystals became uniaxial, 
at a higher temp., the optic axes separated out in the vertical i)laue, becoming 
parallel to the (OlO)-face instead of being perpendicular as at 18°. The different 
stages of this change are illustrated by the optic axial angles of crystals found in 
nature. In another sample 


Tom|).43“ 00“ 10(1“ 160" 100“ ' 260“ 302” 342'6“ 

2if.0“ 18“ 30“ 40' 40“ 53“ 60” 64“ 


S. Kozu and co-workers represented the relation between the optic axial angle and 
teni)). and wave-length of light constant, and the relation betW((en the, optical 
axial angle and wave-length and temp, constant, by a series of curves. With aibite, 
A. de.s Cloizeaux found an increase of 2'5'’ wheai the temp, rose from 21'5‘’-I7(I8''. 
H. Forstner found that while in some cases, raising the temp, from 20‘’-2r)(l" did 
not alter the value of 2A’, and on raising the temp, to 500° the value of 2A’ 
changed from 87“ 46'-86° 31', in other cases there was a change amounting to 
about 4°. There was usually a steady fall from 20“-250“, and aubse(juenlly a 
small increase. J. Beckenkamp made some observations on adulariu; and 
F. Rinne, on aibite. H. Bucking found that the effect of pressure was similar to 
that of temp. 

The specific gravity has been determined of a large ]iroportion of the samples 
of felspar which have been analyzed. 'The numbers for orthoclase range from 
H. Abich’s w value 2'2467 for adularia to, for example, G. vom Bath’s 2’CIU for a 
samjile of orthoclase from Bodenmais, ],. Ahlers gave tor theoretically pure 
orthoclase 2’53fi 2 438 at 4°. There is no appreciable diffeience in the valms 
for the different varieties ; and the best representative value for orthoclase is near 
2 537. 1’. Hautefeuille’s value for artificial orthoclase is 2'5D at 16°. Similarly 
for aibite, the values range from G. vom Rath’s 2573 for a sample from 
Lagenburg, to F. L. Sperry's 2'633 for a samjile from Haddam, Connecticut. 
L. Ahlers gave for theoretically pure aibite 2'011-2’613 at 4°. The best repre¬ 
sentative value for aibite is 2'613. P. Ilautefeuille’s valm- for artificial aibite 
is 2'61 at 16°. The values for anorthoclase naturally depend on the relative pro- 
I'ortions of Na : K, as well as on the comjiosition generally. The observed values 
range from H. Forstner’s 2'595 with a percentage (weight) ratio 7 ‘J'J: 2'53, to 

F. J. Wiik’s 2'567 with the weight ratio 5 47 : ll ffOl ; but comparable values for 
the Na : K ratio are not available since other variations in ccm|)osition arc involved. 

G. Tsehermak, however, gave tor adularia, apjiroximately Or to Or 4 Ab, 13-16 pet 
cent. KjO, the sji. gr. 2’56-2'57 ; amazonite, Or 4 Ab 2 to OraAb.^, Hi-13 per cent. 
KjO, 2-6I-2-58: perthite, OrjAba to OrAb, 7-10 per cent. K^O, 2'58-2'60; loxo- 
clase, OrAb to 0rAb4, 4-7 per cent. K^O, 2'6C1-2'61; and aibite, Ab to Ab 4 An, 
10 -12 per cent. NaaO, 2'62-2'64. C. St. t^. Deville found that adularia crystals 
had a sp. gr. 2’561, and after fusion, 2'361* J. A. Douglas obtained respectively 
2 575 and 2 370. This corresponds with an expansion of 8 65 per cent. J. W. Mellor 
obtained with commercial felspar respectively 2'611 and 2’467, or an expansion 
of about 6 per cent. The effect of the at. xsol. of potassium and sodium on the 
limited isomorphism of aibite and orthoclase wafcdiscussed by E. T. Wherry. The 
bardnesi of aibite and of adularia on Moh’s scale is about 6. F. Auerbach gave 
for the absolute hardness ( 8 . 20, 7) of adularia, 253; or on a scale corundum 1000, 
210: R. Frantz gave lor the same scale, 392; F. Pfaff, 310; A. Rosiwal, 59; and 

T. A. Jaggar, 25. P. J. Holm^uist found that the abrasive hardness of adularia 
is 316 for the (OOl)-faoe; 478 for the (OlO)-face; and 493 pcriiendicular to 
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(010) (001); he also measured the cutting hardne^ of adularia, microcline, sanidinc, 
Boda-orthoclase, and albite, using carborundum of grain-size 0 006-0’012 mm. 
on different faces of the crystals. The results ate illustrated by Fig. 155. 
• F. Auerbach gave for the elastic 

modulus of adularia, perpendicular to 
the base, 8460 kgrms. per sq. mm., and 
' of sanidine, 8030 kgrms. jjer sq. mm. 
F. Rinne-found 8120 kgrms. per sq.mm, 
for adularia, and 7710 for sanidine ; and 
for the crushing strength of orthoclase 
(Hirschfcld), 1700 kgrms. pet sq. cm. 
According to L. H. Adams and 
E. D. Williamson, the compressibility, j3, 
of microcline, OtgiAbj, is 1'92X 10^ at 
0 megabars, I'bSxHT* at 2000 mega- 
bars, and l'68x 10”®at 10,000 megabars, 

■ otP—O'OjlSlb—0'0ii)242(p—po); ortho- 
/ 0 g clase and microperthitc have nearly the 
Or 80 60 10 20 0 values for their compressibilities. 

I''ig.l5n.-C,.ttinK Hardness of tl.o Albite. Madelung and R. Fuchs gave 
Orthoclase Felspars. p=l'74xl0 *(p=125 atm.) for ortho- 

claae,.and adularia. P. W. Bridgman 
failed even at 30,000 kgms. press, per sq. cm. to make finely powdered felspar 
jiarticles weld, owing possibly to fibns of air. 

H. Kopp o gave for the coeff. of cubical expansion of orthoclase between 13° 
and 47°, 0'00(X)26; and between 15° and 99°, 0'000017. F. Pfall found the mean 
linear expansion coeff. of adularia to be 0 000015687 in a direction perpendicular 
to the 0 - and c-axes ; 0 (XX)000069 in the direction of the 6-axis, and 0 0(XXX)2914 
in the direction of the c-axis. The coeff. of cubical expansion is then 0 00001794. 
H. Fizeau found for the axes of greatest mean and least dilatation of adularia 
0'(XXX)19052, 0'000(X)1507, and 0'00(XX)2030 respectively. The mean linear exjian- 
sion is - 0 (I00002030 to -0 (XXXX)20039 ; and J. Beckenkanq) gave for the coeff. 
of linear expansion of adularia in the three directions 0 00001758, 0-0000019, and 
0'0(XXXXi3. E. S. von Federoff, E. Offret. and J. Joly also made observations on 
the thermal expansion of felspar. H. dc Senarmont found the thermal conductivity 
to be greatest in the direction of the symmetrical axes. E. Jannetas found the 
sq. root of the ratio of the thermal conductivity in the direction of the symmetry 
axis (100), to the (001) axis in the direction (001) to he 0-951. F. E. Neumann found 
the Specific heat of adularia to bc'01861; of felspar from Lommitz, 01911 ; and 
of alhite from Penig, 01961. H. Kopp gave 0183 for orthoclase between 20° and 
51°; and 0-190 for albite between 21° and 61°. P. E. W. Ocberg gave 0 1897 for 
orthoclase, and 01976 for albite between 16° and 100°. J. Joly gave for ortho¬ 
clase 018865-018992 between 11° and 100°; between 0-18696 and 019219 for 
microcline; and between 0 19828 and 0 19846 for albite. R. lllrioh gave 01952 
for orthoclase between 17° and 98°. K. Schulz found between 20° and 100° for 


amorjihous (glass) adularia 0 1895, aqd crystalline, 0 1855; for amorphous micro¬ 
cline between 0-1881 anti 0-1919, and crystalline, between 0-1845 and 0-1878. 
Q. Tammann also gave lot amorphous microcline 0185 and for crystalline 0-197 
between 20° and 100°. 0. Lindner gave for adularia at 60°. 0 1835; at 100°, 
0-1864; at 150°, 0-1966; and at 250°, 0-2140. A. Bartoli found the sp. ht. of 
orthoclase between 25° and 100° to be 0-204; between 28° and 309°, 0 226; and 
between 33° and 715°, 0 253. W. P. White gave for orthoclase crystals between 
0° and 600°, 0-2247; and 0°-1100°, 0-2609; likewise for orthoclase glass 0-2297 at 
0°-500°, and 0-2689 at 0°-1100°; for the true sp. ht. at 600° and 1100° he gave 
respectively 0-267 and 0-279 for orthoclase crystals, and 0-264 and 0-279 for the 
glass. A. Dannholm made measurements on this subject; and S. Kozu and 
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S. Saiki found abrupt changes ii the linear expansion of adulsria at 280'’, 480°, 
680°, 870°, and 950°. 

Orthoclase has no sharp meltillg point. It melts slowly on a rising teuip.; 
while its rate oi tiudon is small, its rate of crystallization must be extremely slow. 
A. L. Day and E. T. Allen •* were unable to crystallise the cooling mass by slow 
cooling, by mechanical vibration and shock during cooling", by circulating air, 
carbon dioxide, or water vap. about the coating mass; or by the action of an alter¬ 
nating current on the cooling nipss. The difficulty in crystallization was attributed 
to the great viscosity of the molten glass. According to A. L. Day and E. T. Allen, 
the dry crystaUinc powder was heated and prmlded from time to time with a stout 
|)latinum wire. At about 1000°, traces of sintering were observed ; at 1075°, it 
had formed a soUd cake which resisted the wire , at 1150°, the cake had softened 
sufficiently to yield to a continuous press.; and at 1300", it had become a viscous 
liquid which would be drawn out into glassy opaque threads. Under the microscope, 
the opacity appeared to be due to fine included bubbles, the material being wholly 
vitreous. The term meiiing point thus appears somewhat of a misnomer, since 
the “ point ” is not a definite temp, but an interval of temp, -soflenim) lempnnlmr 
is therefore a better term. This phenomenon is the, normal kind of thing with 
complex aluminium silicates. S. Kozu and co-workers found that when examined 
by the X-radiogram methwl, a potash-felsjiar with about 23 per cent, of albite 
shows feeble indications of fusion at 1100°, and only at 1213° was fusion complete. 
The mineral was kept at the indicated temp, for 2 hrs. The liquidus therefore 
begins at 121.3°, and the solidus at 1100“ with a melting interval of 113“. In the 
particular case of orthoclase, G. W. Morey and N. L. llowen showed that theie is 
an incongruent m.p. at 1170°, incongruent 
because the liquid has a different com¬ 
position from the solid owing to the 
formation of a new crystalline compound, 
namely, Icucite, KAlSijOo. Otherwise 
expressed, orthoclase decomposes at 1170°, 
forming leucite, KAlSi^Oj, and a liquid. 

Its behaviour is best described on an 
eipiilibrium diagram with leucite (Lc) and 
silica as components. Orthoclase then 
appears as a binary compound of these 
components. If orthoclase be kejit at 
1200° for a week, the glassy mass contains 
leucite crystals and crystallites. The 
resolution of molten orthoclase into leucite 
was previously discussed by H. lliick- 
stroiu, A. Lacroix, and C. Doelter. The 
speed of fusion depends on the size of 
grain; and J. W. Mellor and co-workers showed that there is a probability that 
the actual fusion temp, is lower with a fine [lowder than it is with coarser grains. 
This subjrat was discussed by W. Ostwald, F. W. Kuster, R. C. Smith, P. Pawloff, 
M. T. Goldstein, P. P. von Weimarn, and C. Doelter. It is possible, as pointed out 
by G. Beilby, that the grinding renders tlic surfaces »f the particles vitreous 
or amorphous—owfe the sp. gt. of quartz. H. Leitmeicr found that fine grains 
of adularia' begin to melt at 1240°^ coarse grains at 1300°; complete fusion 
occurred at 1350° with the fine grains and 1370* with the coarse grains. The high 
values here obtained were due to rapid heating^; with slower heating, the m.p. 
appeared as 1145°. S. Kozu and co-workers also found evidence of a faster fusion 
with finely powdered felspar than is the case with the coarser-grained material. 
Accordingly, the reported values for the fusion temp, of orthoclase arc somewhat 
discordant, and range from 11^° to 1300°. J. Joly obtained 1140° for the m.p. 
of sanidine; and 1175° for adnlar, mictocline, and albite. K. Gusaek gave 
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1169° for microcline, and 1172° for albite; ‘A. L. Fletcher corrected these 
values to 1219° lor microcline, 1214°-1218° for adularia, and 1222° for albite. 
J. H. L. Vogt gave 1300° for potash-felspar. H. A. Segcr, and A. S. Watts made 
•bservations on the relation between the composition and fusibility of felspars. 
E. Dittler gave for soda-mi'croclino, 1175°-1200°; soda-felspar, 1137°-1180°; 
crypto-perthite, 1130°-1140°; microcline, 1160°-1180°. C. Doelter gave for 
different samples of orthoclase, 1185°-1220°, and 1175°-1235°; for sanidine, 1145°- 
1175°; for microcline, 1150°-1160°, 1155°-1180;, and 1160"-1265°; and lor 
albite, 1120°-1160°, 1130°-1170, and 1135°-1215°. A. Brun found 1250° for albite, 
1300° for orthoclase, and 1290° for microcline. Y. Yamashita and M. Majima gave 
1250° for the m.p. of an albite orthoclase. A. L. Day and E. T. Allen gave 1175°- 
1235° for orthoclase ; 1220° for natural albite, and 1225° for artificial albite. 

A. L. Day and co-workers found the m.p. near the albite end of mixtures of 
soda- and potash-felspars are difficult to determine on account of the high vis¬ 
cosity of the melting solids. B. Dittler believed that albite and orthoclase form 
a completed series of mixed crystals with a minimum m.p.; J. H. L. Vogt estimated 
that there is a eutectic between 1150° and 1160° with between 56 and 60 per cent, 
of albite and between 40 and 43 per cent, of orthoclase. He assumed that the 

eutectic mixture consisted of two kinds of 


l,i00°r I 1 . , felspar with the respective compositions 

1,200° - ■ i Orj.jAbjjH and Orj.^.^bsj,. P. Tschirwinsky 

/,/ntf” ^ I .Q - L^_| , modified the equilibrium diagram to 

P JI I j '5 /L iM make it fit the facts a little better— 

^ / ^1 E equilibrium is illustrated 

5; diagrammatically in Fig. 157. (1. H. 

7 ^ 0 “ j| _ L — Warren estimated that orthoclase can 

I I '‘f* “''f' of albite 

^ soo°mmm- - -1 ® ^*^'**' '"“y *^*^0 

^ VW ffi “P similarly 8 per cent, of orthoclase. 

ff a potash-felspar has more than about 

200 °^M ' B *** ” *'**’'*^ 

. B the tern]), falls, there will be a dissociation 

■ '"*'0 favo kinds of solid soln., and the 

^0 20 ■to 60 W/ooAJ) so-called perthitic structure is considered 

Of/00 so 60 “W 20 0 *0 a result of this dissociation. The 

Fm. 1.57.-Freesing.p«,nt Curves of P7‘*'‘^'o straoture thus occurs with potash- 

Mixtures of Albite and Ortlioclaso. felspars carrying more than about 18 per 

cent, of albite. Similarly with soda- 
felspar carrying more than 8 pcr'cent. of orthoclase. C. H. Warren also found 
evidence of an inversion point in potash-felspar above 575°; below this temp, 
a-potash-felspar is stable; above, jS-potash-fclspar. A. L. Day and co-workers 
found no signs of a break in the heating and cooling curves of felspar. This subject 
has been discussed by R. Herzenberg, and P. Tschirwinsky. H. Leitmeier observed 
a slight loss in weight whicR ho attributed to the loss of alkali, when adularia 
(m.p. 1145°) or labradorite (m.)). 1245°) is kept about 10° below the m.p. for 500 hrs. 
The loss was of the order 0'2 per cent. 

The X-radiogruns oh sanidine by F. Rinne, and of adularia, moonstone, etc., 
by 8. Kozu and Y. Bndo are normal and characteristic of one system of space- 
lattices, as L. Vogard and H. Schjedrup found to be characteristic of a simple lattice 
in which corresponding atoms replace one another at random, forming a homo¬ 
geneous solid soln. The case i3,4ifierent with the potash-felspar moonstone con¬ 
taining about 23 per cent, of albite. 8. Kozu and Y. Bndo found that X-radio- 


gram furnishes two systems of space-lattices representing the co-existence of two 
kinds of solid soln. The X-radiogram of adularia suffers no change when the temp, 
is raised from 25° to 1060° and suddenly quenched jn mercury at room temp. This 
indicates that the crystal structure is stable throughout this range. On the other 
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hand, whan the temp, of moonstone is raised, one of the two different systems of 
Laue-spots begins to decrease in intensity and to shift gradually towards the other, 
and the two systems merge into one. When the temp, is slowly reduced, the system 
of Laue-spots, stable at a high temp., begin to separate into two systems. Chillingp 
in liquid air produce no appreciable difference to Ihe resufts obtained by chilling 
in mercury at room temp. Fig. 158 shows portions of the X-radiograms of a potash- 
felspar heated to the temp, indicated aboje and rapidly chilled. Below SIX)’, the 
miscibility is incomplete, but at higher temp, albite and orthoclasc are miscible it> 
all pro|K)rtions. If heated above 1115°, the spots gradually decrease in intensity, 
indicating that the space-lattices are gradually broken down into the disorderly 
arrangement of the amorphous state, and at 1190° the spots had almost all dis¬ 
appeared corresponding with almost complete fusion. A. Iladding did not find 
the differences in the X-radiograms to be sufficient for tuo identification of the 
different felspars. 

The ceramic journals have an indefinitely large number of results of exiieri- 
ments on various mixtuies of clay with fels]>ar, felspathic rocks, and other fluxes. 
Mixtures of orthoclasc and quartz were found by M. Simonis to give glassy mixtures 



l-'m, I.'iS. - KIToet of tteating and t'liilling Or At) felspar with alioiit 24 per cent, of Allnti'. 

with no sign of a eutectic ; A. S. Watts made analogous observations and obtained 
itidications of a eutectic with 5 per cent, of felspar; J. W. Meflor likewi.se olitained 
indications of a eutectic with 25 per cent, of ((iiartz. In both cases, howi'ver, flic 
results measure, some other quality but not eutectism. Pegmatite, with about 
25 per cent, of quartz and 75 jier cent, of lelsjiar has been thought to represent 
the eutectic, but there is no proof of this. A. Zdllner estimated that at UIXJ°- 
1450°, molten orthoclasc, can dissolve fi()-70 per cent, of quartz. The fusion 
temp, of mixtures of china clay and felspar were measured by M. Simonis. A. Heath 
and J. W. Mcllor made a rough estimate that at 1.300", molten orthoclasc dissolves 
about 20 pet cent, of clay to form a clear glass in a .3 days’ heating, and A. Zfillner 
estimated that about 14 per cent, is dissolved at 14(X)°-14fi()° to form a clear glass. 
E. Berdel and many others have determined the shrinkqge and porosity of slabs 
made of mixtures of felspar and clay. M. Simonis measured the softening tem|) 
of ternary mixtures of felspar, quartz, and china clay, and the results are sum¬ 
marized in Fig. 159. W. S. Howat found that* with binary mixtures of steatite 
melting at 13W°, and microeline melting at 1232°, there was a eutectic in the 
vicinity of 1160°. ’ 

A. L. Day and E. T. Allen found that felspars could be readily sublimed in the 
electric arc furnace—about 3700°. D. D. .Jackson and J. .J. Morgan found the 
vapour pressoie of the alkali to be negligibly small below 1350°. N. V. Kultaschafl 
computed for the latent heat df tiuion of orthoclasc, 109'4 cals., and for albite. 
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48'6 cals. J. H. L. Vogt gave 100 cals, for potash-felspar. 0. Mulert found the 
heat o! aolntion of crystalline adularia in hydrofluoric acid to be 0 4686 Cal. per 

gram, or 261'6 Cals, per mol, and for 
glassy adularia, respectively 0'5684 and 
317-3. Using some of G. Tammann’s 
data, he accordingly calculated for the 
heat of formation of adularia, 131-2 Cals, 
per mol, or 0-235 Cal. per gram; and 
for microline, 104-2 Cals, per mol, or 
0-187 Cal. per gram; similarly, for the 
heat of crystallization of adularia, ho 
obtained 53 72 Cals. i)cr mol, or 99-8 Cals, 
per gram; and for adularia and micro- 
dine, respectively 46-33 and 83 0 Cals. 
Hence, added C. Doelter, adularia and 
microccline are probably dimorphous 
forms of potash-felspar. G. Tammann 
gave 517 cals, for the heat of soln. of 
microline in a mixture of hydrochloric 
and hydrofluoric acids, 517 cals, per gram for the crystals, and 600 cals, per 
gram for the glass. 

The indices of refraction of potash-felspar were measured by A. des Cloizeaux,** 
F. Kohlrausch, K. Zimanyi, A. Muhlheims, S. Tsuboi, H. Rosenbnscb and E. A. Wulf- 
ing, N. V. Ussing, A, Michel-Levy and A. Lacroix, E. Offret, H. Fischer, C. Viola, etc. 
A. des Cloizcaux obtained for sanidine a=.l-5170, ^^1-5239, and 15210 for 
red light, and 0—1-5265, ^-=1-53.55, and y=l-5356 for blue light; and E. Offret, 
0 --1 -520278, j8== 1 -524853, and y=1 -524972 for yellow light. The values for adularia 
range from a=--t-5181-l-5l95, ^-1 5223 1-5237, and y=^ 1-5243 1-5260 for yellow 
light; and for microcline, a--1-5183-1-5224, j8-l-,522C4 1-5250, and y=l-,5248- 
1-5295 for yellow light. For soda-potosh-felspars, the values range from a=l-5215- 
1-5250, P—1-5266-1-5306, and y—1-5272-1-5314 for yellow light. For albitc, 
o=l'5282-l'5320, p-= 1-5.321 1-5340, and y=l-5386-l h^OO. The be.st representa¬ 
tive values are near a—1'519. P =1 524, and y- =1-526—mean 1.5,32—for orthoelasc 
and microcline; and a=l-525, P = l-6,3n6, and y=^ 1-5,314—mean l-529~for albite. 
W. T. Schalier found the index of refraction of barbicrite to be lower than that of 
albite. A selection from E. OtIret’s observations on the effect of temp, and of 
light of different wave-length. A, on the refractive index of sanidine, is given in 
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1 

1-521737 

1-524218 

1-626980 

1-528034 


0 ° 

1-522410 

1-52.1213 

t-525298 

1-527660 

1-529403 

I-5314I6 

11. 

100 ° 

1-522500 

1-623376 " 

• 1-525410 

1-527802 

1 -529664 

1-531709 

|3 

200 ° 

1-022847 

1-623672 

1-626728 

1-628237 

1 630027 

1-532096 


300° 

1-523240 

1-624071? 

1-526143 

1-628666 

1-630465 

1-532543 


0 ° 

1-622503 

1-523313 

1-525332 

1-527793 

1-529640 

1-531676 

III, 

100 ° 

1-622881 

1 1-623702 

1-626743 

1-628235 

1-630014 

1-632066 

y 

i 200° 

1-623407 

1-524234 

1-526203 

1-628806 

1-630598 

1-632667 


300' 

1-624056 

1 1-624886 

1-526953 

-526953 

1-629476 

1-633364 
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Table XXIII. A. dee Qoizeau]^’ value for the biiebingenM, y-a, of sanidino ia 
OnXlTO for red light, and 0’0091 for blue light; and E. Offret’s for yellow light ia 
0‘(X)4469. The valuea for adularia range from 0 0054-0 0070 for yellow light; for 
microcline from 0 0060-0 0071; for albite, 0-0080-0 0102; and for aoda-potaah- 
felapara, from 0 0057-0 0071 for yellow light. The beat representative valuea afe 
y—a=t) 007 for microcline and orthoclaae; and 0 0064 for albite. From K. Ofiret’a 
obaervationa, the indices of refraction of aanidine at 0“ are y—/3=^0 00005, /3—a 
=0'00460, and y—a=0 00462, and the Corresponding changes per 100° rise of 
temp, arc respectively -1-006021, -000006, and 4 0 00016. A. Ehringhaus 
studied this subject. Orthoclase, microcline, and anorthoclaae are optically 
negative; albite is optically positive. 

. W. W. Ooblentz found the curve of the ultra-t8d transmission spectrum of 
adularia shows bands at 2'0/i, 3 2^, 3'9;i, 4'8p, 5’6fi, and 6-3p, and the bands of 
albite at 2'9/r, 5’7/i, and 6'3/i coincide with those of adularia. Orthoclase has 
silicate bands at 2'85/i, 4'7;t, 5'7/i, and 6’28ft. As in the case of the tranainission 
spectra, the curves of the ultta-rcd reflec¬ 
tion spectra of adularia and albite arc 
very much alike The maxima with albite 
are at 8-7fr, 9-7ft, and 10/a, and those with 
adnlaria arc at 8'8/i and 9‘8/i—Fig. 160. 

With microcline, the reflection band from 
9/x-lO/i is complex; there are sharp 

maxima at 8'85/u and 9-95/1, with a pro- ^ _ _ 

bable band at 11/1. W. W. Ooblentz found ^ 3 6 7 S S 10 U 
the reflecting power of orthoclase for light 
of wave-length A=0'69 is 39-4 per cent.; 
for A -0'9.5/i, 86-7 per cent.; for A---4-4/1, 

38'2 per cent.; for A-:8-8/i, 10'3-14'6 per cent. 
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and for A--24/1, 9 7 (ler 


K. Przibram studied the phosphorescence of orthoclase, and adnlaria when 
exposed to radium rays. D. Hofmann, G. do Razowmowsky, and W. Vernadsky 
noted the tribo-luminescence of felspar. K, Keilhack observed no luminesceiitM- 
with orthoclase. E. Engelhardt found orthoclase and microcline to have a feeble 
greyish-blue luminescence when exposed to ultra-violet rays. C. Doelter found 
that radium radiations gave a strong phosphorescence with orthoclase from 
Elba, but with other specimens the ellect was feeble; no change in colour 
occurred. .1. E. Burbank observed that X-rays make felspar phosidiorcsce; 
0. Doelter found adularia and albite are partially transparent to the X-rays. 

Doelter -« found the electrical resistance of adularia decreases with the rise 
of tem|). The sp. electrical resistance, in ohms, on raising t he, tem]i, was : 


c 

at 

1070“ 

317*6 

1200“ 

56-6 

1200* 

10-2 

1300* 

7-6 

1320* 

7*1 

and on cooling the mineral : 

. 1300* 

Ohms . .7*4 

1260* 

81 

1200“ 

8*4 

1160* 

10« 

1100" 

13-3 

1060* 

15-0 


There is no sign of a break in the curves aWlie softening temp. The sp. electllf^ 
conductivity of crystalline orthoclase is less than that of glassy orthoclase. 1 le 
conductivity for glassy orthoclase ha| a break at 850”, and above KKXJ, it gives a 
curve almost continuous. . * 


uoo* 

Sp. elect, cond. 0*04537 

1200* 

0 00411 

1240* 

0*01409 

IZOO” 

' IH)2I82 

1300* 

0*02001 

1320* 

0 031133 

Similarly, for albite ; 

1623” 

B . . ■ 21-25 

1473* 

22^1 

1418* 

28*41 

1373’ ISIS’ 
32-2 43-1 

1273" 

40-8 

1218* 

69-3 
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If the reciprocal of the temp, be plotted againsf log B, an approximately straight 
line is obtained, so that log where (7 is constant. For the siectrical 

condactinty of orthoclase 4 i7oclter gave 0 0000537 mho at 1100°; 0'0041] mho 
at 1200”; and 0 02961 mho at 1300°. J. Konigsbcrger and K. Schilling gave 8500 
Shms for the sp. resista/ice of oathoclaec at 800°; and 800 ohms at 1000". G. Tam- 
mann measured the electrode potential of orthoclase against the normal hydrogen 
electrode in soln. of various salts—zinc and silver sulphates, lead chloride, etc. 
G. W. Hankel found that orthoclase is ‘pyroelectric ; the face (010) is positively 
electrified, and the face (110) negatively electrified. He also found albite to be 
pyroelectric. 

The chemical properties of the alkali-felspars.— According to A. des 
()loizeaiix,2i when adularia is fused, it loses only about a thousandth part of its 
weight. E. Wolff examined the loss on ignition of felsj)ar8. A. L. Day and 
E. T. Allen found that when powden^d felspars arc exposed to the atm., moisture 
is adsorbed in quantities of the same order of magnitude as that usually quoted 
in mineral analyses; and that it requires a dull red heat—600°-80()°—to expel all 
the moisture. M. W. Travers heated a felspar which contained about one per cent, 
of water, and obtained 0'214 per cent, of a mixture of hydrogen and carbon mon¬ 
oxide, and 1 '201 |)er cent, of carbon dioxide. The two former gases are i)resumably 
formed by a reaction with the ferrous oxide, steam, and carbon dioxide : 2FeO 
■f HuD--Eei !03 f-H .2 and 2 Fe 0 -|-C 0 o=;Fc 203 -fC 0 . No hydrogen or carbon 
monoxide is produced when the, mineral is treated with sulphuric acid. 

G. A. Kenngott found that when sanidine, adularia, or albite is moisOmed 
with water coloured with red litmus, the test-liquid is coloured blue, If feisjjar be 
ground in water for some hours the water becomes vi.scid, owing to the dissolution 
and hydrolysis of alkali silicate. In 183.5, G. Forchhammer heated fidspar witli 
water in closed co])])er tubes to 150° and 222“ (21 atm. press.), and found that 
much soluble potassium silicate (water-glass) was formed. Water hydrolyzes the 
mineral. >S. ,1. Thugutt found that when 3'3153 grins, of a sample of typical 
orthoclase were exposed for 100 hrs. in contact with 500 c.c. of distilled water 
at 2(K)”, the water on evaporation furnished a dry residue with fif)'76 per. cent, of 
silica; 11 '53 per cent, of potash; and 3'56 per cent, of soda. He also treated 
albite and obtained similar results. A. Daubrfe also obtained 12'6 grms. of potash 
from 5 kgrnis. of felspar. Confirmatory experiments were made by C. G. ('. Bischof, 
W. P. Headden, K. Haushofer, A. Biyer, A. Pfaff, .T. Konigsberger and W. J. Muller, 
G. Steiger, D. I’rianischnikoff, E. Splichal, ,f. W. Mellor, and M. Bicler-tffiatelain. 
A. Pfaff worked with'water at 8° undi'r a jiress. of 160 atm. The effect of water on 
albite was examined by F. W. Clarke, G. Steiger, A. Bygden, etc. According to 
A. S. Cushman and P. Hubbard, and V. Eenher, the attack by water is more rajiid 
when the mineral is finely ground.' According to A. E. Tucker,23 when jiowdcred 
felspar is digested for 10 days at ordinary temp, with carbonated water, it is con¬ 
verted into a white powder resembling clay, and some micaceous-looking substance 
is simultaneously formed. Finely powdered felspar colours phenolphthalein almost 
immediately when wetted with water. A certain amount of the potassium of 
felspars is dissolved by water when the mineral is finely ground, and the amount 
dissolved is increased by addition of substances such as ammonium salts, lime, 
and gypsum. Complete dissolution of,the potassium can be effected by means of 
an electrolytic method, both with and without addition of hydrofluoric acid. 

C. G. C. Bischof, W. B. and R. E. Rogers, E. 0. Sullivan, C. Matignon and 
M. Marohal, A. Johnstone, F. Cormi E. W. Hofmann, L. Splichal, and J. R. Muller 
have investigated the action of carbonated water, or carbonic add. The last- 
named found: ' 

310, Al,0, CaO K,0 

Original felspar.(t5'24 18'16 1*28 14*98 

Kxtraeted matter .... 1'1662 ri3C8 — r3527 

The high proportion of potash which is extracted chows that the action is rather 
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a chemical process than one of jierc dissolution. The attack by water was found 
by A. Brongniart and J. Malaguti, and by A. S. Cushman to be accelerated by 
jiassing an electric cunent through the water holding pulverulent felspar in 
suspension—etde kaolinite. 

In general, the effect of acids on albite is leij? marked than is the ease wilh 
orthoclase. G. Tschermak 2 * obtained sdieic acid, ILSigO,, by the action of hydro¬ 
chloric acid on albite. The ordinary acids attack felspar rather slowly; the action 
is more rapid if the mineral be finely grtiund. The })owdered mineral is rapidly 
decomposed by hydrofluoric add ; the action was studied by H. Baumhauer, and 
F. J. Wiik. J. H. Collins passed the vap. of hydrofluoric acid over felspar heated 
in a lead tube, and found the mineral to be rapidly converted into a hydrated 
aluminium silicate, soluble potassium fluoride, and silica. Dil. hydrofluoric acid 
acts in a similar manner. Orthoclase is more readily attacked than albite or oligo- 
clase; and labradorite is attacked only in spots. The hydrated aluminium silicate 
had the same composition and appearance as china clay. E. Ileymond studied 
the action of chlorine and of hydrogen chloride on mlulana, and amazon 
stone. A. E. Tucker found that very dil. hydrofluoric, hydrochloric, nitric, Or 
sulphuric acid decomposes powdered felspar in ten days, forming a white ])owder 
re.sembling china clay, and a scaly product uiicaeeous in character. The solvent 
action of hot sulphuric acid on felspar was indicated by 11. Kose. H. A. Seger, 
A. Sabeck, and W. Jackson and K. M. Rich found that about i U jjcr emit, of 
felspar was decomposed after an hour's treatment with cone, suljiliuric acid; 
K. Langenbeck found 17'3 per cent, dissolved. J. W. Midlor showed that the 
amount dissolved depends on the grain-size of the felspar; with felspar of average 
diameter, O’lfio, 0'082, and O’O.TJ mm., respectively, ()'3I. 0 64, and l.'i'fil jier cent, 
was decomposed by the acid treatment in a given lime. If the felspar be weathered, 
a greater proportion is broken down. L. Hjilichal also treated orthoelase with 
formic acid, as well as with hydrochlorie and sulphuric acid, W. B. Schmidt found 
aq, sulphurous acid e.xtracted nearly three per cent, of soluble matters: and 11. Lotz 
examined the. effect of air charged with sulphur dioidde on sanidine and orthoelase. 
If. St.Deville found that boiling cone. soln. of pofessium hydroxide decom|iosea 
felspar, forming a soluble alkali silicate, and an insoluble potassium aluminosilicate’. 
The latter dissolves readily in acids, C. lloelter found that 1.') jier cent, soln, of 
sodium hydroxide removed 0’24 per cent, of K./) from adularia, and 2'2t) per cent, 
from microcline at 2IX)'’. W. Flight found that after digesting adularia for 2.') hrs. 
with soda-lye, the jiortiou dissolved contained less alumina than the portion not 
dis.solved; he also treateel albite in a similar way. R. Rt,(‘phe.nBon studied 
till’ action of alkaline soln. on the felsiiars. G. Tammann and 0. F. (Irevemeyer 
found that magnesia does not act on orthoclase at 1IXK)°; lime acts slowly at .'KKf; 
and baryta acts strongly at 27r)”-.350°. A soln. of sodium carbonate dissolved 
some felspar after about 24^ hrs.’ action at 101)°. J. Lemberg treated orthidase 
with soln. of the strong alkalies and transformed the mineral into zeolitic substances 
with an exchange of the basic element—thus andesine with sodium carbonate 
soln. forms analcitc, and with potassium chloride soln,, leucitc. F. A. Genth also 
noted the alteration of potash- into soda-felspar by the substitution of bases. 
J. Splichal examined the effect of soln. of barium and magnesium chlorides on 
felspar; and F. W. Clarke, and G. Steiger^ the effect of ammonium chloride soln. 
on orthoclase, and on albiti’. J. Lemberg digestal albite with a soln. of sodium 
silicate, and obtained a substance resembling cancrinitc with SiOj in place of ('G.,. 
H. Schneiderholm studied the actionW varioug salt soln. on felspars. G. Andre has 
investigated the action of soln. of different Xhits, and found that after grinding 10- 
20 grms. of felspar with 100 grms. of water and* gram of the given salt for 100 hrs. 
in an agate mortar, the amounts of potash indicated in Table XXIV were dissolved. 
The marked attack by ammonium sulphate is noteworthy. H. Stremc, and 
E. C. Sullivan also examined the influence of a number of different substances on 
felspar. H, Leitmeier and H. Hellwig showed that felspar can slowly take up 
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Table XXIV.— Action of Salt Solutions on Potash-Felspae. 


Solvent. 

• < 

Qrazm of potash, K|0, ditioolved per 

100 grins, felspar. 

100 part8ofK|OlD 
tho felspar. 

Water alone . . . . c. 

0139 

0-22 

Sodium olilorido .... 

0-37 

3-25 

Cal(;ium carbonate .... 

0-37 

2-38 

Calcium orthophosphate 

0-22 

i-9a 

Calcium dihydrophosphato 

0-44 

3-90 

Sodium nitrate. 

0-3G 

3-21 

Ammonium sulphate 

0-84 

7-38 

Calcium sulphate * . 

0-30 

3-23 


phosphoric acid from soln. of ammonium phosphate. H. Brieglcb studied the 
action of sodium phosphate on felspar at a red heat. 

‘ F. A. Gcnth, J. do Lapparent, F. Grandjean, and H. Rosenbusch and 
E. A. Wtilfing have shown that one felspar may pass into another, as when 
inicrocline or ortlioclasc changes into albite by the substitution of sodium for potas¬ 
sium. According to E. C. Sullivan, Table XXV represents the metals precipitated 

Tahlk XXV.—Ekfec-t^ok Salt Solutions on Orthoc'lask. 


Solution, 


MagnoHium Hulphate 
Calcium chloride 
Manganous sulphate 
Ferrous sulphate 
Ferric sulphate 
Niekeluus sulphate 
Cupric chlorulo 
Cupric nitrate . 
Cupric sulphate 
Zinc snipliat'C . 
Strontium rhlurido 
Silver sulphate 
llarium cidoride 
Auric cidoride 
Iwead nitrate . 


Metal prcoiplteted. 

Original 

I'onteiit 

(Mgnn.-atoms). 




liases dissolved 

Grains. 

Mgrni.«atcms. 

(MUllinols). 

0-0099 

0-40 

1-98 

0-47 

0 0207 

0-51 

2-44 

0-54 

0 0355 

0-02 

2-54 

0-53 

0 03G5 

0-05 

2-10 

— 

0-0048 

1 10 

1-21 

1-41 

0 0549 

0-93 

2-06 

0 92 

0-0710 

113 

1-98 

— 

00025 

0-98 

1-99 

(r-85 

0-0729 

1 03 

1-98 

0-85 

0-0011 

0-93 

3-05 

0’99 

. 0-0427 

0-48 

2-32 

0-51 

0-1027 

0-94 

0 98 

101 

IU0982 

0-71 

2 04 

0-78 

(U0603 

0-27 

1-30 

1-21 

()'297« 

1-43 

2-00 

1‘14 


and bascis dissolved when 26 grins, of orthoclase wore treated with 5() c.c. of soln. 
Tho bases dissolved are usually in excess of the metal precipitated on account 
of tho slight solvent action of water on the orthoclase. The acidic nature of the 
aq. soln. of auric chloride gave an excess of bases dissolved over metal precipitated. 
If the precipitate contains a basic salt the bases passing into tho soln. throw out more 
than their oq. of metal. Ho also tried' the eifcct of soln. of cupric sulphate on 
microciino and albite. V. P. Smirnoff studied tho solvent action of hnmio and 
eienic acids on albite, and orthoclase. 

The felspars arc all highly suscepYible to natural influences, and when exposed, 
they are readily attacked by the reagents which are so common in Nature’s 
laboratory-water, water charged with carbon dioxide, acid waters formed by the 
oxidation of sulphides or issuing from volcanic vents, peat waters, alkahno waters, 
etc. The felspars are therefore highly alterable mineral, and they furnish numerous 
other minerals. The commonest end-products of tha reaction between felspar and 
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natural agent* are quartz and Ifaolinite— vide supra, claya—but other hydrated 
aluminium silicates arc produced. Many zeolites, scajKilites, epidote, zoisite, etc,, 
may have been formed from felspar. According to A. Johnsen,''!® at ordinary temp, 
on the earth’s surface, microcline is the most stable form of potash-felspar. The 
transformation of potash-felspar into muscovite has been ijiscusscd by H. Riisslor, 

G. vom Rath, F. W. Clarke, C. 6. C. Bischof, J. de lispparent, etc.; into pinitoid, 
by A. Knop, E. Cohen, C. G. C. Bischof, A. Strong, C. W. von Gumbcl, K. Dalmer, 
etc.; into analcime, by A. Phillips, T.'Schcerer, etc.; and into kaolinite, by 

H. Stremme, G. L. Crasso, F.'Von Hiichster, etc. Pseudomorphs after orthoelase 
have been described by A. Breithaupt, J. E. Blum, G. Tsehermak, J. Roth, fi. Hezner, 
etc. The alteration of albitc into scricite and zoisiti' was discussed by A. Oathrein, 
C. Benedicks, etc. Some general observations on the transformation of potash- 
and soda-felspars were made by C. R. van Rise, 0. (1. ('. Bischof, H. Rossler, 
M. Lublin, J. Roth, etc. 

The use of felspar, —Felspar is used in making some special types of 
pottery; but felspathic rocks like pegmatite and Conush stone are perhaps as 
frequently employed ns sources of felspar. These bring quartz and sometimes 
clay into the body along with the felspar. Fel8))ar is also used in making certain 
types of pottery glazes, enamels for metals, opalescent glass, and artificial teeth. 
The higher grade, potash felspars have been invewtigated with the idea of extracting 
their contained potash for making fertilizers, etc.—vide 2. 20, 4. 

i’. O. Silber*' obtained a canary-yellow silver aluminium Siiieale, AaiAI,Si,()„ by 
heating the corroBpondiiig sotlimn aliiniininiri Hilicate with wilver nitrate. A immher of 
Hilver derivatives )iaa Ikeeii obtaineii by the more or le«ii eoiuplet-e diKplavement of th»' 
alkali or alkaline earth mot-al by wlver. Thus, K. W. (’larke, and (i. SUiiger reportotl a 
ftilver-rhubfuik, Ag2Al4(Si()j)(Si3()g)3.1’2H.^(), to lie forrnetl by the action of wilver nitrato 
on chabaHlte; (1. SU'iger Biinilarly obtained Htlvrr-andlciff, AgAlSijO* H^O; Af/rrr* 
nalrolitc, etc - tudr im/cr. 'I’licro are alw the gilirr-ultutwanniii {q e.) 

atu<hetl by K. Houniaiin,** H. tie Korcraud and M. JJallin, J. S^llaai. (J. (-liabviij and 
R bovuHow. 
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§ 44. The Alkaline Earth Aluminium Silicates 

The calcium aluminium silicates have attracted much attention owing to the 
part they play in the formation of slags in metallurgical operations, in the manu¬ 
facture of glasses and glazes, and in the formation of portland cement (q.v.). The 
calcium aluminium silicates in slags were studied by W. A. Lampadius,^ 1’. Berthier, 
R. Kirwan, H. Abich, M. W. lies, N. G. Sefstrom, J. Percy, and W. H. Miller, 
J. F. L. Hausmann, C. W. C. Fuchs, B. Akerman, P. Grcdt, M. Theusner, ide. 
P. Berthier made some observations on slitgs containing CaO: A1.,;0,: SiO^ 
=6 ■ 2 : . 6 ; 3 :1: .3; 3:1:9; 1:1 : 22 ; anil 1:1:6; both P. Berthier and 
N. G. Sefstrom made observations on 3 :1 : 6 ; 6:4:9; and 3:2:6; N. G. Sef¬ 
strom, on 3:2:9; and C. Schnabel, on 9 :1 :10. A. Gorgeu reiiortcd 
the 2:1:1 silicate to bo formed as a by-prdduct when kaolinite is melted with 
13-14 times its weight of calcium hromide. The anisotropic prisms, (!a 2 AI. 2 Si 07 , 
may be calcium £alummometasilicate, (AlO.O.Cal^SiO^. 0. Boudouard iire- 
pared the same compound. 1,. Bourgeois obtained 12:2:9; 3:1:2; 3:1:3; 
and 6:4:9; and VV. Heldt, 8:2: If), by fusion or sintering mixtures of the 
constituent oxides. C. F. Rammelsberg found crystals corresjionding with 
OCajSiOs.ALSiOj mixed with calcium sulphide in the masonry of a smla-potash 
furnace. The greenish-yellow tetragonal bipyramids had the axial ratio 
o: e=l : 0 ,'>832, and sp. gr. 3 (), 6 . R. Akerman, 0. Boudouard, and P. Gredt 
measured the heats of solidihcation and the temp, of formation of a number of 
calcium aluminium silicati'a, and L. Babu, 11. B. Ashley, and 11. M. Howe plotted 
the results on triangular diagrams. 

R. Kirwan found that silica mixed with alumina and baryta or strontia fuses 
more readily than is the case with lime as the alkaline earth. P. Berthier also fused 
mixtures of BaO : AL^Os : SiOj in the proportions.'! :Ti: Uand-Il: 4 : 12. R.Rieke, 
and G. Flach studied the effect of the three alkaline earths on the fusibility of 
elay. E. Fremy and G. Feil obtained a product com)) 08 ition 4 : .6 : 10 by 

the action of barium fluoride on a mixture of alumina and silica. F. Fouque and 
A. Michel-Levy obtained Ba 0 .Al 203 . 2 Si 0 j, Sr0.A1.303.28i02, and (;aO.AL();(.28iU2 
by the method indicated below for the synthesis of anorthite. Z. Weyherg 
obtained ABaO.fAUOs.TSiOa in isotrojiic crystals by fusing a mixture of kaolinite 
and barium chloride. 

T. J. felouzc added calcium chloride to a soln. of alum and alkali silicate 
in an excess of alkali hydroxide, and obtained a mixisl preci|)itate of lime, 
silica, and alumina. W. Heldt found that a mixture, of precipitated calcium 
aluminate and water-glass soln. does not harden, but a similar mixture with the 
aluminatc prepared by calcination dws harden. C. and G. E. Tischler found 
crystals of Ca 0 .Al 203 . 6 Si 02 . 6 ' 12 H 50 in saniMime bricks; the composition of 
stilbite is given as CaAl 28 i() 0 ,j. 5 H 20 . J. Lemberg heated aluminium hydroxide 
with calcium silicate and water to 180° and obtafii^ six-sided plates of a calcium 
aluminium silicate. C. and G. Friedel heated mica with a soln. of calcium chloride 
and lime-water, and obtained crystals of anorthite (q.v.). J. Lemberg made a 
barium aluminium silicate by heating a mixture of kaolinite and barium silicate in 
water for 75 hrs. at 190°. * 



692 


INORGANIC AND THEORETICAL CHEMISTRY 


8. J. Thngiitt prepared a product with the con^osition CaAl2Si208.2CaCl2.20H20, 
by the action of a soln. of calcium chloride on sodalite. A. Gorgeu melted 
garnet with calcium chloride and oxychloride, and also melted calcium chloride 
with kaolinite or a mixture of silica and alumina, and obtained a singly-refracting, 
trystallino product wilJi the composition CajAljSi 302 i. 2 CaCl 2 . Z. Weyberg obtained 

a similar product by the 
latter process; and prepared 
,Cai 2 Alj((Si 503 j. 4 CaBr 2 , by 
melting calcium bromide and 
kaolinite. 

Nature has provided an 
extraordinary number of cal¬ 
cium aluminium silicates— 
both hydrated and anhydrous. 
E, Selch 2 observed the efiect 
of lime on clays; and R. Rieke, 
the softening temp, of mixtures 
of lime and china clay. Very 
few of these, complex com¬ 
pounds are indicated on the 
diagram of the, ternary system, 
Fig. 161, explon^d by G. A. 
Rankin and F. E. Wright for 
dry melts of the three oxides, 
(laO-ALOa-SiOj. This dia¬ 
gram shows well the strength 
and weakness of ¥. Ikrthier’n rule: II jmait mime que la fmibihli des .tUicales 
multipUs cst plus grande que hi fusibilite moyenne des silicates composanis. The 
system was discussed by B. Neumann, and P. Niggli. A. L. Field and 
P. H. Royster discussed the viscosity of the molten ternary mixtures. Indeed, 
only three, ternary comjiounds are indicated on this diagram, anorthile, 

0 a(),Al 202 . 2 SiO 2 ; velarde- 
niU’, 2 (‘a 0 ,Al 203 .Si 02 ; and 
calcittm di^uminatoTtho- 
silicate, Ga^AlaSiOg. The 
first t wo of these compounds 
are discussed later; the last 
one does not appear on the 
ternary diagram because it 
dissociatcij at its m.p. The 
absence of numerous anhy¬ 
drous alumino-silicates from 
this diagram does not mean 
that such compounds do not 
exist. It is true that many 
break down at their m.p., 
but others, stable at this 
temp., are not formed under 
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Fio. 162. Melting-point Curves for the Ternary System : conditions represented 

CaO-Al,0,-SiO,.‘ by Fig. 161. Other condi¬ 

tions, other diagrams. The 
isothermal m.p. of the ternary’mixtures are indicated in Fig. 162. The binary 
compounds have been previously discussed. The compound calcium dislumi- 
natorthosilicate, 

0=Al-Ca-0^ „. ^0.0^ 


0=Al-Ca-0 


>Si<^:->Ca 
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dissociates at its mp., ISSS” ± 5‘^^ljnto calcium orthosilicatc, CajSiOj, and calcium 
alununate, Ca(A 102 ) 2 1 ®nd hence it is best formed by crystallization from a glass 
of ^ own composition at a temp, below 1335°. According to G. A. Rankin and 
F. E, Wright, the preparation appears under the microscope dusty and so unsatis¬ 
factory that it is not j)hs8ible to state definitely that it w Itoniogeiieous. Th^ 
crystalline mass is usually crypto- to micro-crystalline and consists of ovcrlapjiing 
fibres and grains. The larger grains show^uder high powers the ribbed structure 
common to crystal skeletons. The crystal system is possibly rhombic. The 
refractive indices are aua—l‘6?5i 0 005, yj<ift-:l‘685±0 (X)5. The birefringence 
is medium, y-a being about 0 01. The optic axial angle is medium to fairly 
large. The optical character positive. The plane of the ojitic axes is apparently 
parallel with the positive elongation of the fibres. P. Niggli studied the ternary 
systems albite-anorihite-diopaide ; and anorthite-forsterite-^iilica 

The moiriz 0 / corundum from Carnutic, India, described in some iletail liy 
J, L. Bournon,^ and afterwards called indiuniU’, was recognized by A. Breithaujit 
to be a limc-fclsjiar. Some crystals of lime felsjiar from Monti* Somma, Vesuvius, 
were called by G. Rose anorfhite from ueopf/o<;, obliipie in referemr to the 
crystalline form. 

T. Montieolli and N. CovoHi calletl some erystalh of linie-felspar from tlio same locality 
christianitv- after Christian Frodonck, Prmoo of Denmark; anti others, inofoia—after 
J. B. Hiot. A. Breithaupt showed that the former, and H J. Jtrooko that tho latter, 
are simple anorthite. The tIuorsauUH of F. A. Q'nth, from Thiorsauite, Iceland, is also 
anorthite. N. von NordonskjOld’s from double; and iSeAdj, spear, 

in alluMon to the fonn of the crystals - js a reiUhsh <»r })each-colouriKl variety from Lojo, 
Finland, and Tunaber^, Sweden. A. Jtreithaupt's Ujiohtc- fnun Mvos, crust-—is also 
an anorthite from Lojo and Orijarvi, Finland ; it was studictl })y N. von Kokscharoff, who 
found the crj-stuls wore complex, but possessiMl nnf^los like anortlute. H. J. Brooke’s 
hilrobiU —afte-r ('. F. Latrobe-is a rose rwl anortbite from Aiiiitok island, Labrador. 
N. von NordonskjClrrs hndmijiU from Orijarvi, Finland, is an altered variety of lepidolite ; 
it was mvestiguted by it. Hermann, and F. J. Wiik. A. K NonlenKkjoUrs Hundvihte, 
from Nonlsundvikite, Iceland, is also an altered anortlute. \V. S. von WalterahauHen 
named some ghowy crystals from Trezza, Ktnn, and the Cyclopean Islands, rychjnU', 
A. Lacroix shov^ed that they are anortlute. Acc(»nlmg to A. des C'loizeaux, some pinkiHb 
crystals from Arendal were ealleii lankdc., they w'ore jirobably anorthito. T. Tbomson's 
huronUv, from Lake Huron, i.s an impure anortlute. B J. Harnngton eoidinned this 
assumption, but T. J>. Walker's analysis made the mineral resemble sijapolito. Its index 
of refraction was r.')7 150. G. Tschernmk proposed tho tenn wuretint;- 
littleness—for the glassy plagioelase felspars analogous to the sanuline fonns of orthoelasc 

'I’ho barmude of G. Hose, from Barsowsky, rra), has tho composition of anorthito 
when an allow ance is made in tho analyses of F. Varrentfapj), and K. M Friederici for the 
eorimdum present os an Impurity. The sp gr. is 2 79b. According to M. Bauer, tho crystals 
are rhombic, and G. Itoso, and Groth said that liarsow’ite is dimorphous. .1. Morozewicz 
doubted the existence of this mineral os a detimte K[H.cies ; W. t'. BrCgger twlievod it to he 
a selbsidndtgfui Mineral, and he represented it and danburlte by the formula (-'a,1<4(8104)4, 
where It represents an atom of boron in tlie caso of danbunte, and an atiun of 
aluminium in tlie case of barsowite. F. L. Uansome and J’alacbo regard barsowito, 
Al: Si04..AI: SiO^; Ca, as a product of the dehydration of lawsonit^. J. l/imiberg found 
that when barsowite is digested with a soln. of sodium silicate at 100“ for 7 months, 50- 70 
per cent, of the calcium is displaced by sotlium. 

In 182-*, J. J. Berzelius * rwognized a now mineral in some spociincns from Danvika- 
Zoll, and lie called it soda’S])odumene ; and A. Breithaupt also found a variety of soda- 
lime-felspar wdiich he named oltgoclatfe.; anil afterwards showeil its identity with J J. Ber¬ 
zelius' mineral. Some airnlurine felnjiars, andliufwlonc (9.v.hare oligoclase. H. Abich 
found a sixla-limo-felspar at Mannato, Andes, and named it atide-Mine. K. F. (llocker 
referred to a variety in the seriMmtine of Frankenstein as Miurhante. in allusion txi its granular 
appeamneo, but A. Loaaulx showetl tluit*St is a mixture. A. G. Werner niferred to the 
chatoyant Labradorntein brought by a Moravian tnissionary from St. Paul's Island, the 
coast of Labrailor, aliout 1775. It was called pterre deJ^aljraihr by J. li. L. Komi'* de I’lsle ; 
and Labrador felspar and leArador by 0. Rose. 

G. vom Hatli showed that the lirne-oligoeiase or tho hafnefiordite G, Forehliammer 
obtained from Hafnefiord, Iceland, is labrathriU. The silirite and nwmite of T. Thomson 
are from Antrim, Ireland, and are varieties of Ubrodorite. The felspar from Carnatic. 
India, and named camalUe by A. dee Cloizeaux, described by F. S. Boiulont, is regarded 
by A. Breithaupt as labradorito. 'f he term sansaurite—from H. B. do Saussure—has been 
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given to some varieties of compact labradorite, althoitf h A. Cathrein allowed that aaosaurite 
is a jade-Uke mineral containing zoiaite and aeverp felspars. This mineral was called 
jade by H. B. de Saussure; jade, by A. HOpfner; khmanite, from Lake Lehman by 
J. C. BelamAtherie; mdjade (knace andyWr de Saueiure, by R. J. Haiiy. It was discussed 
by T. 8. Hunt, H. Traube, G. H. Williams, etc. A. Mreithaupt’s radauite, from Eadau 
valley, Harz, is a conpact variety of labradorite. G. Tsthermak applied the term 
maekriynite —in honour of N. 8. Maskelyne—to an isotropic felspar found in some meteorito, 
and he suggested that It is a fused felspar. P. Groth considers it a particular species allied 
to leucite. The original bytownile by T. Thomson ‘ was a greenish-white felspathic mineral 
from Bytown, Ottawa, Canada. It was analyzed by 8. Tennant, and T. S. Hunt. F. Zirkel 
showed that this mineral is a mixture. 0. Tschermak applied the term to felspars with 
a composition lying between that of labradorite and that of anorthite as indicated in the 
preceding table. 

Numerous analyses of anorthite,® oligoclase,’ andesine,® labradorite,® and 
bytownito i® have been made. C. F. Eanimelsberg o has shown that the many 
analyses of anorthite agree very well with the idealized formula CoO.AL 03 . 2 Si 02 , 
which has been interpreted in many different ways. G. Taehermak regarded it 
as a metasilicate because it ftirnished what he considered to be metasilicic acid 
when treated with hydrochloric acid. This idea gave him Ca(O.Al: O 2 : SiOlj or 
Ca( 0 . 8 i 0 . 0 .A 10 ) 2 , and he preferred the latter. J. E. Reynolds’ synthesis of what 
was thought to be anorthite by the action of o.xygen and steam on CaSi 2 Al 2 , led 
him to the formula Ca( 0 . 8 i 02 .AI 0 f 2 . F. W. Clarke gave Ca(O.Si; O 3 j Al) 2 , or else 

SiOjSAlAfeSiO,- 
Al(Si0.4=AlAfeSi0,)AI 
^SiO.s: CajSSio/ 

The triclinic soda-lime-felspars with oblique cleavages were grouped by 
A. Breithaupt as pfogrocksc-felspars—from wAdyiop, oblique; and /cAdaip, fracture. 
The relations have been much discussed. J. F. C. Hcssel, in his paper: Veber 
die Vamilie FcUnfath (1826), stated that labradorite is closely related with the 
other felspars, and it can be regarded as a mixture of albitc and anorthite. W. 8 . von 
Waltorshausen regarded the limc-soda-felspars as isomorphous mixtures of anorthite 
and the alkali-felspar. C. F. Kammelsbcrg, D. Gerhard, T. Schcerer, A. E. Delesse 
and T. 8 . Hunt, held similar views. The subject was taken up by G. Tschermak 
in his memoir; Die Feldsfatligrufpe (Wien, 1865). He showed that the lime- 
soda-felspars are isomorphous mixiures of alhite, NaAISisOj, and anorthite, CaAl 2 Si 208 . 
This is known ns Tscherinak's theory of the isomorphism of the lime-soda-felspars. 
This view was supported by A , Streng, who objected to the assumption that atoms 
of unequal valency like Na and Ca, or A1 and Si, can replace one another iso- 
morphously, and he represented albitc and anorthite respectively by the doubled 
formula) Na 28 i 2 .Al 28 i 40 je and G'a 2 Al 2 .AlSi 40 ic; he also assumed that in the 
end-members there might be some CaSi 2 .Al 2 Si 40 i 6 and Na 4 Al 2 .AlSi 40 ]e. 
C. F. Rammelsberg, however, pointed out that this last assumption docs not agree 
with the best analyses, and added that the isomorphism cannot be attributed 
to the number or to the equivalency of the constituent atoms. The subject was 
discussed by Q. Tschermak, G. vom Rath, W. C. Brogger, A. Arzruni, J. W. Retgers, 
and F. Sandberger. The question has been raised whether some of the isomorphous 
mixtures of albitc and anorthite represent definite compounds which can com¬ 
mingle isomorphously in, various proportions ; and discussed by A. des Cloizeaux 
and C. Friedel, F. Fouque and A. Michel-Lovy, H. Bttcking, A. Michel-L^vy and 
A. Lacroix, W. Tarassenko, F. Wallerant,,E. 8 . von Federoff, T. Petersen, etc. 
As indicated below, the general phjfsical and chemical properties of the isomorphous 
mixtures give no evidence of tl\e formation of definite compounds of albitc and 
anorthite. The isomorphism appears to be complete in the strictest sense of 
the term. As F. Fouqui expressed it: 

lia loi de Tschermak foumit un excellent moyen de controle et permet d’arriver k dee 
dMerminations trk suSIsantee. La simplicity, la bautd des conclusions ne doit pas fairs 
oublier I’imperfection dee prytnisses. ' 
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E. T. Wher^ has discussed lie various hypotheses which have been proposed 
to explain the isomorphism of cirapounds of apparently dissimilar chemical type 
like the end-members of the plagioclase felspars NeAlSiaOs and CaAljSijOj. 
P. Groth emphasized the view that in isomorphous crystals, the elements concerned 
should be capable of playing an analogous rok in the chemical mol., and that tife 
space units of these elements should be characterized not oqly by like symmetry, 
but by nearly the same linear dimensions, and, consequently, nearly the same vol, 
He added; * 

• 

The isomorphism of two substances depends on the fact that the entrance of the atoms 
or groups of atoms wliich replace one another produces a similar change in the crystal 
structure of the compound from which they are in common derived. Shice the extent of 
this change depends not only on the nature of the substituting atoms or groups of atoms, 
but also on that of the original substance, it follows that the differences which are to bo 
observed in cases of isomorphous replacement by the same siibstilutions are dilToix-nt 
in different isomorphous series; and, in general, they must Ihi smaller, the greatt'r tho 
nuinlier of atoms common to the isomorphous substances. 


.1. D. Dana cited cases to show that the mol. vol. of an isomnr|)hou.s group of 
minerals have value.s approaching equality, anti that the crystallographic relation¬ 
ship depends on mol. vol., and not on chemical composition—tiide titanium 
dioxide. It has long been recognized that the mol. vol. of anorthite, CaAl^Si^Og, 
and of albite, NaAlSijOg, are the same, but this is not a sufficient criterion for 
explaining tho isomorphism, even though G! T. Prior has shown that many sub¬ 
stances with nearly the same mol. vol. and with apparently distinct types of formula 
are isomorphous. The identity of the mol. vol. shows that the isomorphism of the 
plagioclascs is based on a 1; I ratio of amounts indicated by the formiilaj of the 
two end-members of the series. 

Since the difference between albite and orthoclase consists merely in the replace¬ 
ment of one univalent element by another, it might be predicted that orthoclase 
would be isomorphous with anorthite. R. Freis showed that the potash-felspar can 
(ILssolve small quantities of lime-felspar; in nature, however, soda-felspar is 
always jiresent as well. F. Gonnard assumes that if a monoclinic lime-felspar did 
occur it would be isomorphous with potash-felspar; and A. Schwantke assumed 
the existence of a compound 0 a 2 Al 2 Si 30 i 8 which is miscible with KjAL^SioOie. 
E. Dittler, W. Wahl, and H. J. L. Vogt have made some observations on the 
system K AlSisOg—Ca Al2Si.20g. E. Dittler obtained over-growths or zonal structures 
so long as the jmtash-felspar did not exceed 10-20^er cent.,'and with 70 jier cent, 
of lime-felsiiar, the two components crystallized separately. If increasing propor¬ 
tions of so(la-felspar be added, potash- and lime-felspars become more and more 
miscible, II. Ailing suggested that potash- and soda-felspars arc isomorphous, 
and he called the series omnite. There arc no representatives of this series in nature, 
and the evidence adduced points only to the formation of limited non-isomorphous 
solid soln. Similarly, it might be anticipated that canwgidte would be isomorphous 
with anorthite since the only difference between the two silicates consists in the 
substitution of one bivalent atom by two univalent atoms. The evidence, however, 
shows that in aimtousile only a very small proportion of carnegieite is prewnt; 
and N. L. Bowen has shown that carnegieite holds only p per cent, of anorthite in 
solid soln., while anorthite holds only 2 per cent, of carnegieite. 

It is curious that in the felspars, ferric iron docs not readily take the place of 
aluminium for when any ferric oxide lias beenrincorporated with a native febpar, 
it has apparently separated as haematite inclusions. The artificial ferric-JeUpar, 
KFcSi308, reported by P. Hautefeuille and A. Verrey, is very unstable ; and the 
gem orthocltwe of Madagascar is almost unique. The fact that ferric oxide can 
replace alumina in garnet, tourmaline, etc.; and the general unstability of the 
ferrites as contrasted with the aluminates, led W. Verni^ky to suggest that the 
aluminium in garnet, etc., belo6gs to the basic radicle, but in felspars, to the acidic 
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radicle. E. T. Wherry arranges the hypotheses invented to explain these facts 
into three groups: f 

1. Structural themes.—H^ie it is assumed that the elements retain the same 
valence in the solid and liquid states, and that the isomorphism of the basic radicles 
i# always valence for wlence; • but widely dissimilar acidic radicles may be iso- 
morphous. W. Vernqdsky assumes that the felspars have a group of atoms which 
he called the mica nucleus. He considered alumina to be part of the acidic radicle, 
but the formula to be otherwise different*(vMfe supra, orthoclase): 


0-Al—0 
I ONa I 

(Si^Oji-Si Si=(Si80.) 
I -ONa I 
0-Al—0 
Albite. 


O-Al-0 

I 9 I 

0=Si Oa Si=0 

I 9 I 

O-Al—0 

Anorthite. 


E. W. Clark(!, as indic8t(Hl above, also has the quadrivalent radicle SisOg in albite, 
and Si0.j in anortliit(!. The ring formula) of W. and 1). Asch belong to this type. 
B. Gossner writes SiOsNa^lSiOa-AIjOal'lSiO^ for albite, and Si 03 Ca[Si 0 .,j.Al 203 ] 
for anorthitc, where the 4Si().2 of albite is missing from anorthite. These explana¬ 
tions cannot be called hypoMses touches, for they do not look two ways at once. 
In straining after similarity with the basic radicle, diversity with the acidic 
radicle is ignored. No attempt is made to account for the other peculiarities 
indicated above. 

2. Arithmetical relations .—Hero the simple integral relationship between the 
constituents or their properties is used to explain isomorphism. The valence- 
volume theory of W. Barlow and W. J. Pope (1. 6, 18) is based on the chance 
relation that quadrivalent carbon occupies approximately four times the vol. of 
univalent hydrogen. The total valence of albite and anorthite is 32, and the 
groups NaSi and CaAl of valency 5 are supposed to be mutually replaceable. Other 
silicates have total valencies of 32, but are not isomor])houa with albite or anorthite. 
R. B. Sosraan argued that the oxides of ordinary silicates tend to imite in simple 
numerical proportions regardless of structural relations, so as to form molecular 
compounds. This would double the, above forniula for albite. I. Langmuir’s 
hypothesis (4. 27, 4) assumes that elements are radicles po.sse3sing a bke electronic 
structure, are isomoriihously e<[. though chemically dissimilar. Albite and anorthite 
alike possess 64 electrons, and (hence they should be isomorphous. Au contraire, 
calcium is isoteric with potassium but not with sodium, meaning that anorthitc 
should be more fully isomorphous with orthoclase than with albite- which is not 
in agreement with facta. Hence, continued E. T. Wherry : 


This group of hypotheses does not furnish any adequate explanation of the complexity 
of isuinor[)hous relationships. If eaiTiixl to their logical extreme they would |)rcditt 
numerous cases of isomoiqdusm which do not occur. They require that in the plagioclases, 
one univalent, one bivalent, or one trivalent radicle should be replaceable by another 
corresponding valence—lithium or potassium for sodium, strontium or barium for calcium, 
or ferric iron or chromium for aluminium, yet not one of these actually occurs. 

3. Atomic isotnorphiim .—Isomorphism is assumed to occur only between 
mutually similar atoms or groups of atoms irrespective of the valence exhibited by 
the same atoms or groups of atoms in soln. This is illustrated by the case of calcite, 
CaCOs, and soda-nitre, NaNOs, which are cWly isomorphous, while CaCOa and 
NaoCOj or CaCOj, and Ca(N 03 )j are not isomorphous. The structural hypothesis 
would indicate that Ca= 02 =C=''[) should be isomorphous with Na 2 = 02 =C= 0 , 
but not with Na—0—N Oj. P. Groth applied the idea to the plagioclases, an(l 
the hypothesis was developed by H. S. Washington. Here, albite becomes 
(NaSiKAlSijOg), and anorthite, (CaAllfAlSijOg), where the (NaSi)-group and the 
(Ca.41)-group are quinquevalent. This renders it unnecessary to assume iso- 
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morphism between widely dissimilar acidic radicles; it does not account for the 
failure of one atom to replace aether of the same valence; and it splits up the 
atomic grouping without any vindicatory evidence. , 

P. Niggli, and J. Jakob applied the co-ordination theory and wrote the formula 
of anorthite in several different ways, among others^ they gave * 

j^AlfSiO^SiO^Ojlaj^’ , |^Al(SiO,SiO,SiO,)j^,^' 

Auorthite. o Alblte. 

P. Erculissc did not favour formula; of the type AlSi 04 .SiO, 0 .Si(OH) 2 .SiO 4 Al, 
but regarded the plagioclases as solid soln. of the acids H 3 AlSi 05 and HjjAl^SiOj. 


r0:A1.0. .. ,,0] 


0: AI.O., 
0: Al.O'^ 



H,AI,S10, 


iU 


Assuming atomic isomoridiisni between Ca and Na, and A1 and 8i, M. I'l. Uenaoyer, 
and P. Erculisse also used the co-ordination theory in ( bis connection. P. A. von 
Konsdorfi argued that while alumina usually acts as a base, it can also act as an 
acid, and take the place of silica mol. for mol. The idea was developed by 
T. Scheerer, and D. A. Brauns, but opposed by V. Wartha. E. T. Wherry argued 
that the non-replaceability of aluminium by ferric iron in these felspars requires 
the aluminium to be definitely associated with the alkali or alkaline earth metal; 
and the co-ordination j)lan requires the aluminium atom to be dominant and in a 
central position. lb; therefore postulated the formula; [NaAlfSisOg)] for albito 
and [CaAlfAlSi^Og)] for anorthite ; or, omitting the square brackets, NaAllSijOj) 
and CaAlfAlSi^Og) respectively. 

W. Barlow and W. J. Pope assume that isomorphism depends on the replace¬ 
ment of atoms of similar sizes as well as on like valency. E. Zambonini, and 
E. T. Wherry agree in attributing the isomorphism 
of albite and anorthite to a close agreement in the at. 
vol. of th(! vieariant eh'inents, but the former also con¬ 
siders that eciuality of the, sum of the valencies of 
the replacing elements is essential. E. T. Wherry 
considtus the valence relations are negligible. 

R. W. G. Wyckoff believes that sufficient data are 
not available to settle the (luestion. E. Kiime's 
interpretation of the X-radiograms of anorthite and 
oligoclase is indicated in Eig. 103. Comparing this 
diagram with Eig. 138, it follows that the chemical 
mol. of albite is NaAl[Si(Si 04 l 2 l, and that of anhrthitc 
(’aAl[Al(Si 04 ). 2 ]; or, in words, calcium aluminium 
alumino^orthos^caie. 



l''to. 1(13.—Htereocbemieal 
Scheme of Anorthite. 


The modern theories of crystal structure show that atomic isomorphism should 
be the rule whenever the atoms concerned arc so nearly equal in vol. as to fit into 
the geometrical arrangement. W. L. Bragg showed that sodium normally occupies 
a vol. slightly greater than calcium, and ^licon a little less than aluminium; on 
the other hand, potassium occupies a decidedly larger vfil. than sodium or calcium, 
so that potassium nitrate cannot be expected to be isomorphous with calcite, nor 
orthoclase with anorthite. In the (Sise of catnegieite with its two sodium atoms 
for one calcium atom in anorthite, the larger Vol. required by the two sodium atoms 
should make isomorphism even less possible. • 

The plagioclase felspars of the less siliceous rocks have a tendency to approach 
the anorthite end-member as the proportion of silica decreases. 0. H. Warren i* 
found anorthite as a contact mineral of limestone. Anorthite and the plagifx^lases 
have been observed in meteorites. 
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Anorthite is the fekpar which is most easib obtained pyrogenetically, and 
its crystallization tendency is comparatively grew. A. L. Day and co-workers 
readily obtained it in a crystalline form by simply /using a mixture of the constituent 
oxides. F. Fouque and A. Michel-Levy, A. S. Ginsberg, and A. Brun also obtained 
aftorthite directly from its comjwnents. G. A. Rankin’s diagram, Fig. 161, shows 
the ratige of stabili^ of anorthite in the ternary system, CaO-AljOs-SiOj. 
J. H. L. Vogt observed it in various slags; S. Meunier found it in the masonry 
of a gas-furnaco at Vaugirard; A. Mallard, in the ashes from a colliery; and 
0. Veluin, in the glass produced during the burning ^f a corn mill. J. Morozewicz 
obtained felspars ranging from labradorite to nearly pure anorthite in his experi¬ 
ments on magmas. 8 . Meunier fused a mixture of silica, lime, and aluminium 
fluoride, and obtained sillimanite, tridymite, and anorthite. Anorthite is also 
produced when many complex silicates are fused. Thus, A. des Cloizeaux obtained 
anorthite by fusing together garnet and vesuvianite ; and C. Doelter and E. Hussak 
obtained similar results ; and K. Fetraseh obtained it by fusing a mixture of granite 
and andesite. ( 1 . Doelter obtained anorthite in the products obtained by fusing 
epidote, axinite, ehabazit(>, heulandite, laumontite, and scolecite; and also by 
melting calespar with basalt. C. Medanich obtained it by fusing a nuxture of 
graiiit)^ and sodium phosj)hate, borie oxide, and tin chloride; and K. Bauer, by 
fusing a mixture of diorite with sodium, jujiassium, or calcium fluoride. 0 . and 
G. Friedel made anorthite by the hydrothermal process, namely, by heating a 
mixture of lime, calcium chloride, muscovite, and a little water in a steel tube at 
r)00°; J. E. Reynolds, by the action of Steam on his silicalcyanide; and M. Schlapfer, 
by heating a mixture of the constituents of anorthite, calcium chloride, and water 
in a bomb at 470°. W. Eitel obtained anorthite, (plagioclase) by heating nephclite 
(t/.v.) and calcium carbonate at press, below 65 kgrms. per sq. cm. 

J. Fouqud and A. Michel-Ldvy made felspars analogous to anorthite, oligoclasc, 
and labradorite with strontium, barium, or lead in place of calcium. Mixtures of 
silica, alumina, sodium carbonate, and the proper oxide were heated at temp, 
a little btdow the fusion point. This gave stronliu-fehpuT, huryUi-fHupur (celsian), 
and kad-felspar. Plaginfelspars containing potassium in place of sodium were 
made by E. Dittler; and also hyalophane. as a solid soln. of orthoclasc and celsian. 
F. von Kobell suggested that in tschermakite the magnesia replaces lime in felspar 
in the form of ttttuitiesia-felspar; but a subsequent examination by G. W. Hawes, 
F. Pisani, and A. des Cloizeaux showed that there is much less magnesia jirescnt 
than F. von Kobell supposed. H. Schulze and A. Stelzner found what they regarded 
* *' as zim-anmlhile in the walls of a zinc 


furnace. C. Doelter did not succeed in 
making fenk anorIhUe. 

It is possible that Z. Weyberg made 
polash-anmtMte in his synthetic experiments 
on kaliophilite. J. Lemberg did not succeed 
in making soda-anorthite, but 8 . .f. Thugutt’s 
product, obtained by rapidly cooling fused 
nephelite hydrate, was probably this com¬ 
pound. The triclinic nephebte reported by 
E. Esch from the Etinde volcano. West 
Africa, was probably soda - anorthite. 
d a io 60 ' k ' 'm G. S. Washington and F. E. Wright found 
Per cent anorthite ' ^ soda-ahorthite, i.e. carnegieite, to be a con- 

Fio. 1H4.—Freezing-point Cui-ves of the * **'*“*“* * felspar from the island of 

nin^ System: ‘ Lenosa, near Tunis, and they synthesized 

Ns,pVl,Si,0,-C8AI,Si,0,. the mineral by heating to 1080°, the glass 

obtained by fusing a mixture of the 
constituents. N. L. Bowen charted the equilibrium diagram of the binary 
system, Na 2 Al 28 i 208 (soda nephclite or carnegieite^ and CaAljSijOs (anorthite), 
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and found that the sodium cQm{Mund is stable in nephelite below 1248°, as 
carnegieite is above that in^reion temp.—Fig. 164. The eutectic occurs at 
1304° with 45 per cent, of anorthite; and mixed .crystals range from nephelite 
(Ne) to NcjsAnss ; and the maximum amount of anorthite taken up by carnegieite 
(CgjisCgjjAnj. • • , / 

0. Andersen has studied the binary and ternary sjwtems with anorthite, 
forsterite, and silica as components. The curves. Figs. 165-168, of the system, 



0 ZO 40 U BO WO ' 0 to 40 60 so too 

Ml ' Per cent. CdAmA fsM Per cent CdAliSi,0, 


Fic 166- Freezing-point Curves of tlie , Fin. 106.—Freezing-point Curves of the 
Binarj’ System : Anortliite-Silica. Binary System ; Anortliite-Forsterito. 

Anorthite-Siliea, show that no higher silicate is stable under the experimental con¬ 
ditions ; and the f.j). curves. Fig. 166, of the system, anorthite-forsterite, show 
that the curve BC has not the maximum sliown on the liquidus curves of ordinary 
two-component systems by a binary compound, since spinel, MglAlO.^).), cannot be 
considered a binary compound of the components Mg.jSi 04 and CaAljSijiOa. 
The ternary sy.stcm. Fig. 167, .shows no combinations of the components t)aAl.,>Sijit)8> 



Fio. 167.—Ternary System: Forsterite- Fio. 168.—Isothermal Freezing Curves 
Anorthite-Silica. t of the Ternary System i Anorthite- 

ForetenTe-Silica. 

Mg 2 Si 04 , and SiOa. The spinel 6clfl is not a.temary compound of the components 
of the system, but represents the product^ obtained by the breaking down of the 
anorthite. It would appear as a compound in the quaternary system 
IdgO-CaO-AL^Os-SiOa. Magnesium metasilicate is unstable at the m.p. The 
isothermal curves of the system are shown in Fig. 168. P- Lebedelf studied mixtures 
of anorthite and wollastonite. N. L. Bowen’s curves for the binary systeraa: 
anorthite-diopside and albitcMliopsido, are illustrated in the diagrams respectively, 




for anorthite, P. HautefoiiilloF. I’oiiqiie and A. Michcl-LiWy, A. L. Day and 
E. T. Allen, K. BauiT, K. Potraaoli, and U. Medanisch synthesized oligoclase.: 

K. Fouque and A. Michel-L6vy, 
A. L. Day and E. T. Alien, and 

J. Morozewicz synthesized andesine; 
and F. Fouqne and A. Michel-Levy, 
A. L. Day and E. T. Allen, J. Moro- 
zewiez, S. Meunier, and K. Petrasch 
synthesized labradorite and bytownite. 
habradorite has been reported by 

K. Hausmann in blast-furnace slags, 
and by F. Sansoni, in the masonry 
of a kiln at Naples. S, J. Thngutt 
obtained a hydrated cldoru-anorlhile, 
9CaAlj.Si20g.2Ca(!L.2()H20, by the 
action of calcium chloride on sodalite. 

The physical properties o! the 
Fla. 171.—Freezing-point Curves of tlie lime-felspars. —Many of the general 
System; Diopaide-.'tIbito-Anortliito. properties of the alkali-felspars are also 

characteristic of the lime-felspars. The 
remarks on colonr, the effect of impurities on the colour, and the schillerization also 
apply to anorthite and the plagioclases. Sunstone and aventurine fels])ars are also 
found among these felspars. Jjabradorite is of a dull smoke-grey colour, but when 
it is observed at a particular angle, the surface lights up with brilliant play of 
colours—blue, green, red, bronze, etc.—and the mineral is accordingly cut and 
polished for jewellery and small ornamental objects. The effect is attributed to 
the presence of a large number of minute scales and needles of included minerals. 

The crystals have bcenstudiedby G.Rose,*® J. D. Mackenzie, F. Kinne, J. Krat- 
zert, A. des Cloizcaux, Q. vom Rath, eta—vide supra, the isomorphism of albite 
and anorthite. The general results show that the crystals belong to the triclinic 
system. A. des I'loizeau.x, and N. von Kokscharoff gave for anorthite, a:h:c 
:-0-63473:1 : OfiMXfT, and a=«3'’ 13J', ^---115° SSJ', and y- 91 “ 1 If'. J. Beoken- 
kampgaveO’63473: 1:0'55(XI7, and a--=93° 13J', j3=115°55J',andy-=91° 111'; and 
J. Kratzert, 0'63523:1:0-6f)048, and o=93° 95', j3=115° 52'6', and y--9r 16-4'. 
P. Groth and E. Schmidt gave for labradorite, o: 6; c=0'6377:1: (0'5), and 
0=93° 31', ^=116° 3', and y=99° 54 J'; G. vom Rath gave for andesine, 
a:h: c=0-63656 :1:05.5204, and a=93° 22|', j8=116“ 28^', and y=89° 58|'; 
and for oligoclase, o: h: c=0 63206 :1:055239, and o==93° 4J', j3=116° 22J', 
and y=90° 4|'. According to J. P. Iddiugs, the data in Table XXVI may be 
taken as representative values. E. Schmidt, and E. A. Wulfing gave for plagio- 
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Table XXVI.— Cbystalloubaphio Chauactebs or the I’eamoolases. 


Anorthite . 
lyiibradorite 
Amiesine . 
OligocloBO . 
Albite 


I ^ a.bic 

j 0 #347 ; 1; O'SEOl 
1 0-tf377 ; 1: '0-6647 
: 0-6367 : 1; 0 6521 
■ 0-6321 : I :a-6624 
, 0-6335 : I ; 0-6577 


. “ 

e 

• 93° 13', 

115“ 5,6' 

«3° 31' 

116° 3' 

63° 23' 

116° 29' 

63° 4' 

116° 23' 

63° 3' 

116° 29' 


Y 


or if 
»r 64i' 

SO" 60' 
00 ° 5 ' 
66 " 0 ' 


olase with 0, hO, and 100 iht I'ent. anortliitr, o 04° 31', 93“ 27', and 93° 05' ri'- 
spectively; /S 116“ 38', 116“ 10', and 115“ 51' respcrtivply; and y 87“ 01', 
90° 06', and 91“ 31' rcapi'ctivoly. The idealized crystal of anorthite. Fig. 173, 
has the faces /1(1(X)), 5(010), C'(OOl), and MiUO), »dll0), »i'(lll), <-(021), /(201). 
*(101), and y(201); and the angles JiC, 85“ 50'; Bin, 58“ 4'; iiiM, 59“ 29'; 
Cm, 65“ 53'; Cm, 69“ 20'; CA, 63° 57'; Cx, 51“ 26'; Cy, 81“ 14'; and 42“ 38'. 
The change in the angle BC, Fig. 173, with teinj). is illustraletl by Fig. 172. The 
crystallographic, and optii-al properties of anorthite were studied by J. Kratzert,. 
K. Kittl, and K. Dittler have studied tin! Tfllocity ol Crystallization of anorthite 
and labradorite. The habit of crystals of the plagioclase-fclspars resembles that 



l-’i(i. 172.—EOoctof Tompei-olure on 
the Angles of I’lagioclasc. 



Fig. 173. ItlouliztHl 
Crystal of Aiiorthit^i. 


of the alkali-felspars, but in megascopic crystals it is oftener tabular; and in 
microscopic forms, oftener prismatic. F. Rinne obtained X-iadiograms of anorthite 
and oligoclase. For the deduction from these, .results, ni<ie Figs. 1.39 and 163. 
A. na<lding investigated the X-radiograms of labradorite, and anorthite. Sections 
of the crystals of soda-lime-felspars often exhibit a concentric zonal structure with 
different zones exhibiting different optical flrientations. Usually the innermost 
zone is the most calcareous; the sodiferous «nd calciferous slternat(! with one 
another. Twinning occurs, according to the Uarlsbad, Manebach, Baveno, albite, 
and pericline laws cited in connection with the alkali-felspars. (J. A. Rankin and 
F. E. Wright found the polysynthetic twinning of artificial anorthite, to be, very 
characteristic. When the albite twinning of the plagioclases is repeated many 
times the alternate lame.ll® with their reversed optical orientation appear in thin 
sections between crossed nicols, in striped bands alternately light and dark. 'Phe 
bands may taper out or end abruptly' at any place. They are clearest and 
sharpest-edged when the section is perpendicular to the (OlOj-plane of twinning. 
K. Herrmann has written Ueber ZwiRinytverwMhsunyen gestein Inldender Plngioklate; 
and the subject was studied by A. Kijhler.d;. W. Carstens, etc. For the cleavage 
and fracture, see alkali-felspars. The cleavage of oligoclase was investigated by 
S. L. Penfiekl. 

The optic anglM of anorthite were studied by M. Schuster, who found 
2f/n==114° 10' for the red ray and 114° 47' for the green ray. F. Fouqu6 found 
2F ranging from 77° 18'-77“,'55'; and 25=147°; J. Kratzert gave 2F-=.102° 28' 
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for anortWtc, for labradorite and bytownito he found 21^=76° 10-79° 40'; for 
andesine, 2F=87'’-S8}‘’; and for obgoclase, 2F=fl°-89°. F. Becke and M. Gold- 
achlag obtained for andesine, 2F=90°-98°; for laSradorite and bytownitc, for the 
red ray 2Ha=84° 29'-89° 10'; and 84° 23'-87° 49' for the blue ray. A. des 
Clflizcaux gave for andesipe, 68° 58'-103° for 2H^ with the red ray, and 2Hj=84° 31'- 
125° 18' for the blue rjiy. He also gave for oligoclase, 2H„=56° 30'-10r 36' 
for the red ray, and 2H,=89° 10'-106° 24' for the blue ray. Other observations 
were made by E. S. von Fcderoff, F. BecSe, H. Gylling, F. J. Wiik, D. Ometa, etc. 
The following data show the effect of different molar percentages of anorthite on 
the optic axial angle 2F of the plagioclase ctystal: 

Anorthite . 0'5 13 20 25 37 52 56 63 75 100 

2P , . 7H° 85” 94° 99° 90° 75° 75° 82° 94° 103 5° 

The effects of variations of temp, on the optic axial angle were investigated by 
,T. Bcckonkamp, F. Rinnc, B. Hccht, and L. Fletcher; and the mixed crystals, by 
B. Kostormann and co-workers. 

G. Tschermaki* com))utcd the. values indicated in Table XXVII for the specific 


Taiile XXVII.— SrEciKic Gravity and Comfositkin of the I’eaoioclases 






Compoflitlon. 


Al ),: An„ 


Sp. sr. 

sit), 

Al,0, 

CaO 

NhjO 

_ 


1 ; 0 

2-624 

88-7 

19-5 

0 

11-8 

Aibite 

12; 1 

2-636 

66-6 

20-9 

1-6 

10-9 

8;1 

2'«40 

65-7 

21-5 

2-4 

10-4 


6:1 

2-646 

64-9 

22-1 

3-0 

10-0 


4:1 

2-652 

63-3 

23-1 

4-2 

9-4 

Oligoclaw . 

3;1 

2-650 

62-0 

24-0 

5-3 

8-7 

2:1 

2(»71 

59-9 

25-4 

7-0 

7-7 


3:2 

2-(>80 

68-1 

26-6 

8-4 

6-9 

Aiuleuino . 

4: 3 

2-684 

57-4 

27-1 

8-9 

0-6 



2-694 

55-6 

28 3 

10-4 

5-7 


3:4 

2-703 

,53-7 

29-6 

118 

49 

Lftbrailfuito 

2:3 

2-708 

53 0 

30-1 

12-3 

4-6 

1 :2 

‘2-716 

61 -4 

31-2 

13-7 

3-8 


1 :3 

2-728 

49-3 

32-6 

15-3 

2 8 


1:4 

2-735 

>48 0 

33-4 

163 

2-3 

Uytownito . 

1:0 

2-742 

46-6 

34-4 

17-4 

1-6 


(1:8 

2-747 

45-9 

34-9 

18-0 

0-2 

Anorthite . 

0:1 

2-758 

43-2 

.36-7 

20-1 

0 


gravity of plagioclases of different composition. Sp. gr. determinations were made 
OIF many of the samples which have been analyzed, and on those whose optical 
properties have been measured. V. Goldschmidt has collected data on this subject. 
The observed values for anorthite with very low alkalies range, from G. vom Rath’s 
2-668 to his 2-812; for bytownitc, from f. Wada’s 2 62 to G. H. Williams’ 2 74; 
for labradorite, from G. vom Rath’s 2-'608 to his 2 814; for andesine, from 0. von 
Hauer’s 2-36 to H. Abich’s 2 7328 r and for oligoclase, from A. E. Delesse’s 2 586 
to M. F. Heddle’s 2-834. Errors due to inclusions, cavities, etc., no doubt affect the 
extremes of these results. L. Ahlers gave for the sp. gr. of theoretically pure 
anorthite, 2-752-2-764 at 4°. J. A. Douglas found the sp. gr. of natural crystals 
of anorthite to be 2-760, and for the cold glass, after fusion, 2'666, corresponding 
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with 3'18 per cent, expansion. A. L. Day and B. T. Allen found for the sp. gr. 
of artificial plagioclases—crystal! and glass: 


Crystals 

Glass 


An' AbjAn, 
2 765 2-73.1 

2-7(» 2-648 


AbjAni 

2-710 

2-591 


Ab|An 

2-079 

2-53B 


Ab|An 
2 800 
2-4413 


AbgAn Ab 
2-649 2-605 

2 -458 2 383 


The sp. gr. of artificial preparations are often low, owing to the presence of minute 
sealed gas pores. A. L. Day and E. T. Aflen observed no differences in the sp. gr. 
of glasses cooled at different rates. The h&rdncss of anorthite is 6 or a little over; 
that of labradorite and of andesine, 5-6; and that of oligoelase, about 
P. J. Holmquist measured the cutting 


6 . 



hardness of albite, oligoelase, labradorite, 
and anorthite using carborundum of 
grain-size 0-(I06-0'012 mm. on different 
faces of the crystals. The results are 
illustrated by Fig. 174, where the dotted 
lines show the probable course of the 
curves freed from errors of experiment. 

L. H. Admas and E. D. Williamson 
found the compressibility of oligoelase, 

Ab 78 An 2 . 2 ,'.to be^=l -74 X10^ at 0 mega¬ 
bars press.; 1-71x10"* at 2000 mega- 
bars; and 1-58x10"* at 10,000 mega¬ 
bars; or 13 = 0051712 -0-Oiol66(p-po) I 
labradorite, Abgg.Anso, had a value 
j3=l-74xlO"* at 0 megabars press.; 

1-71x10"* at 2000 megabars; and 
1-58x10"* at 10,(',00 megabars; or 
8 = 0 - 051508 - 0 - 0 ,o218)p-po); for anor- 

thite, ^=1-1x10"* at 2000-10,0(X) megabars iireas.; for andesine, Ab. 2 An, 
8 -l-fillx I0"» at 20(M) megabars, and jS =l-4ilXl0"« megabars; and for AbjAiw, 
6=1 '37 X I0“* at 2(XI0 megabars, and 1'30X 10~° ut I0,0(X) megabars. 

J Beckenkam|) found the linear coeff. of thermal expansion of anorthite in 
the three principal directions to be 0'(XXK)1758,0-(XXXX)854, and -0'(XKX)32. Some 
observations were made by E. S. von Federoff. P. E. W. Oeberggave for the specific 
heat of anorthite, 0-1937 ; F. E. Neumann gave for labradorite, 0 1926; .1, Joly, 
0-19317-0-19351 between 12° and 1(X)°. J. .^dy also gave for oligwlase, 
0 19967-0-20600, and R. Ulrich 0'2(H8 between 18° and 98°. A. Brun gave for 
the melting point of anorthite, 1490° 1520°; J. H. L. Vogt, 1220° ; C. Doeller, 
11.50°-1220° and 1250°-1350° ; E. Dittler gave 1240°. G. A. Rankin gave 1.550° + 2° 
lor the mp. of artificial crystals of anorthite*. Y. Yamashita and M. Majima 
gave for the m.p. of anorthite 1528°-1533° ; andesine, 13.33° ; and oligoclasc- 
andcsine, 1232°. A. Brun gave for the m.p. of oligoelase, 1260°; .1. .loly gave 
1220"; A. L. Fletcher, 1270°; C. Doelter, 11.30°-117.5° ; and later, 1170°-12.50°. 

A. Brun'gavc for andesine, 1280°, and C. Doelter, 1180 -1280 . C. Doelter gave 
for labradorite, 1210°-13(X)°; J. Joly, 1230°; A. L. Fletcher, 1273°-1285°. 
E. Dittler gave for artificial labradorite, j37(f; A. L. Day and K. B. Sosman, 
1477° ; and A. L. Day and E. T. Allen, 1463". For artfficial oligoelase, A. L. Day 
and R. B. Sosman gave 1.345°, and A. L. Day and E. T. Allen, 1340°; while for 
artificial andesine, A. L. Day and bf. B. Sosiaan gave 1375 , and A. L. Day and 

B. T. Allen, 1419°; the last-named aWfountl for the series : 

Ab,Aa AbgAn AbgAn 


M.p. 


An 

1532° 


Ab,Ang 

1500° 


Ab,Ang 

1463° 


1419° 


1367° 


1340° 


N. L. Bowen’s freezing curves for the plagioclases are shown in Fig. 175, and he givM 
1650° for the m.p. of anorthita. The remarks as to the effect of the size of gram 
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and speed of heating on the m.p. indicated in connection with the alkali-fekpars 
are applicable here—with this difference, unlike orfhoclasc.anorthite has a congruent 

m.p. in which tRc liquid has the same composition 



, a sharply defined m.p. C. Doelter found that the 
fusion temp, really stretches over an interval; 


M.p. 


Ab,Ang 

1465°-)52r 


Ab.Anj 

1372°-I4»0‘' 


M.p. 


AbjAn 

120r)"--1394''' 


Ab.An 

1287"-] 450' 

AbsAn 

1I75"-1302° 


H. Lictmeier observed that a sample of labradorite 
from Ki(^ff, when very slowly heated had a m.p. 
124!j'’-1250°, but was not then completely fused. 
A. L. Day and E. T. Allen found that microscopic 
crystals of a homogeneous compound, when slowly 
heated can persist ISO" or more above the temp, 
at which fusion begins, since the visco.sity or 


Molar per cent Ab 

t’lo. 176.-Kroozing Curve of tbo ai»"q'l>ous melt is of the same 


IMagiooloHOS. 


order as that of the crystals. The absorbed 
heat of fibsion is distributed over this interval. 
They state that powdered crystalline plagioclasc felspars, which are free from 
inclusions and from glass, even when-very fine, do not sinker until melting begins ; 
powdered glasses of like composition sinter readily at relatively low temp. (700°-9(X)°) 
depending [)rimurily upon the degree of comminution. J. H. L. Vogt estimated the 
total heat of fusion from 273° to be 503 cals., and the latent heat of fusion to be 
100 cals. 

The indices of refraction of the plagioclases have been measured by A. Michel- 
LiSvy and A. Lacroix,17 p. Fouque, E. Offret, C. Viola, M. Schuster, A. N. Winchcll, 
0. Grosspie.tsch, C. Riva, F. Hccke., H. Roscnbusch and E. A. Wiilfing, H. Tertseh, 
G. Linck. A. <le8 (lloizeaux, E. S. von Federoff, F. Klein, W. Luezizky, E. Mallard, 
F. Pockels, (}. WidlT, etc. The general results show that for anorthite tin; values 
of a range between 1-6740 and 1-5757; from 1-5810-1-5837 ; and y, from 15860- 


Ol/goclasc 


Bytoumte 


Albite Andesme LabraBonte AnorMe 



'^Ortboclase 


1-5884. Bytownite,a,from 
1-5.597-1-.5617; |3, from 
1-5628-1-5647; and y, from 
1-5677-1-5689. Labrador¬ 
ite, a, from 1-5540-1-6167; 

from 1,5570-1-5647; and 
y, from 1,5620-1-.5689. 
Andesinc, a, from 15490- 
1-5548; jS, from 1-5530- 
1-5.578: and y, from 
1-5560-1-5625. Oligoclase, 
a, from 1,5.3,37-1-5389; /S, 
from 1-5376-1-5431; and 
y, from 1,5420-1 5469. G. 
A. Rankin and F. E. Wright 
gave for artificial anorthite, 
a=l-576, j8=--l-585, and 
y=l-689. J. Kratzert 
gave for anorthite. 


to a iO dO 50 60 10 m SO 
Mdar per cent, anortbitf. 

Fm. 17fi.—Indices of Ifefnietion of the Flagioclase Felspars. 

0=1-675, jS =1-583, and y--r588. F. Becke and M. Goldschlag measured the 
indices for some andesines. J. P. Iddings’ diagram showing the indices of 
refraction of the lime-soda-felspars between albite and anorthite is given in 
Fig. 176. The data are derived from the following observations: 
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lOri 


I•h291 
l-SSSi 
I 5390 


1 -mi 

15;V(> 
1-6429 


Ab,gAD|| 

1 -5389 
I 5430 
1 ■6400 


AbnAbio 

1-5490 
1 -5630 
1 -5500 


Ab,Au„ 
1-5752 
I -5833 
1 -5884 


E. Offret studied the effect of temperature on the.rofractive indices of olip'oelinc, 
and a selection from his results is given in Table XXVIll.* S. Tsuboi studied tlie 


1 given 

Tabi.k XXVIII.—Till-: Ei'kkct ok Tkmpkk vti-ku on thk 

l0.\(UO<XA.MKS. 


Ukkuactivk Tniiioks ok tub 


Red. 


Rbic. 


Ay =0-070« Ao,i“OU137 ' Ak.“0 5,S8. Au, "0-6377 - AcJ“0-5084 Aca'"0’4799 


I 0«' 
100 ° 

‘ 1200° 
1300° 


1 530205 
1 -530647 
1-530930 
1 ,537378 


1-537095 - 1-539103 

I 537384 j 1 539470 
I 537773 j 1 5.39870 
1 538231 - 1-.540330 


1 641083 
1 .542014 
1-.542128 
1 542903 


1 543483 
1 543830 
1 -544250 
1-544730 


I 0° I 540382 

100° 1 540770 

8 2i«)° 1.541227 

(300° 1-511723 

/ 0° 1 -544052 

100° 1 .5444.50 

’'200° 1.544911 

300° 1-54.5408 


I 511257 
I 511019 
1 .542114 
1 542020 

1 .544914 
1 .545.340 
1 515805 
1 510302 


1 -543420 
1 -.543822 
1 .544;!0.5 
I ,544838 

1 .547141 
1 547533 
1 548005 
1 548.529 


1.540021 I 1-5478.50 
1-540435 I 1 518280 


1 540940 
1-647491 

1 549774 
1 5,50102 
1 550049 
1 551200 


1 ,548801 
1 519378 

1-551024 
1-652010 
1 ,552.500 
1-.5.53077 


1 -545500 
1 -545925 
1 -540302 
1 540849 

1 -649950 
1-550384 
1 55092,3 
1 .5,51625 

1 553729 
I 5.54111 
1-5,54017 
1-656212 


optical dispersion of the plagioclase felspars. 'J he hiiotlillgence of anorthito 
ranges from 0-(ll20-0-(ll32 ; labradorite,, from 0 (JOCi)-0-0089 ; andesine, from 
0-0070-0-(H)77 - and oligoclase, from 00080-0-0092. E. Offret found the bire- 
fringenee at O', y=0 0039:), changed -O OOtK)! for KXf; ^-a---0-004H, 
changed fO-OOOll for 100'; and y-a =0 00879, changed 1-0(XX)07 for 100°. 
'I’he optical character of andesine With 37 molar per cent, anorthite is neutral, and 
that of tin- other plagioclases depenils on the composition. Expressing ihe pro¬ 
portion of anorthite in molar percentages : 

Aiioi-thite . 0.5 13 20 25 37 52 .50 0.3 75 100 

Optical oliar. . + + ■ - + + + 

The plagioclase felspars are very similar but vai^ continmiusly in comiiosition 
from albite to anorthite. Methods for disitingnishing between the different 
plagioclases baseil on differences m their optical characters—c.g. in the orienta¬ 
tion of their axes, and in the planes of optical symmetry relatively to their 
crystal structures—have been developed by M. Schuster, A. Michel-Levy, l5. S. von 
Fedoroff, and W. W. Nikitin, L. Dnparc and M. Reinhatd, E. 1). Stratanowitsch, 
H. Sigg and co-workers, M. llerck, H. Sabot, 
and M. A. Oiiroussoff. 

A. doXlramont’* examined the spcctxa of 
anorthite, labradorite, and oligoclase. W. VV. 

Coblentz found oligoclase has no niark*id 
absorption bands in the ultra-red transmission I" ^ 
spectrom ; but there is a depression in the 
transmission curve at 3'3p.. W. Vernadsky • 
found anorthite to exhibit a feeble tritiolu- ^ 

nunescence. E. Engelhardt observed a pale ni-Electrical Ke»i»tai.i-e of 
blue luminescence with anorthite exposed to I>abradorite. 

ultra-violet light ; and K. Keilhack found 

anorthite to be luminescent when exposed to X-rays. Doelter s measurements 
of the electric resistance of lal^adorite are summarized in Fig. 177. 

2 z 
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The chemical properties o! the plagioclases.— C. Doelter digested anorthite 
in water at 80°, and after 30 days found that 8i<!all quantities of silica and lime 
were dissolved, but only a tr_ace of alumina. G; A. Bender worked with water at 
90° and obtained crystals which were too small to investigate quantitatively, but 
vrtiich were thought to Jbe chabs.site. F. W. Clarke found that oligoclase moistened 
with water gave an alkaline reaction with phenolphthalein. G. Steiger found water 
has a slight solvent action on oligoclase. J. R. Muller investigated the action of 
carbonated water on oligoclase and fodnd it to be more soluble than orthoclase. 
A. Johnstone also examined the action of carbonated water on oligoclase and 
labradoritc. C. Doelter found that carbonated water in a sealed tube at 2(X)° 
for 14 days converted anorthite into products with the optical properties of heu- 
luudite and chabasite. J. Splichal concluded from his experiments on the action 
of carbonic acid on anorthite, that lime and alkalies arc extracted and a kaolinitic 
product is formed. E. Keymoud studied the action of chlorine and of hydrogen 
chloride on labradoritc. Anorthite is soluble in acids. As a rule, anorthite is 
decomposed by acids with the separation of gelatinous silica, and the less the pro¬ 
portion of anorthite in a given ]>lagioclasc, the less readily is it attacked by acids. 
H. S. Washington obtained a polysilicic acid, H5AISi208, by the action of acids on 
anorthite. J. Splichal found that acetic, chloric, and perchloric acids partially 
dissolve anorthite. He found great differences in the character of the silica gels 
with variations in the nature and cone, of the acids. Forty-five per cent, formic 
acid gives a gelatinous silica. J. Splichal fouml that with hydrochloric acid of 
sp. gr. M9, oligoclase is partly dissolved, and from the results inferred that the 
jilagioclases are solid soln. and not mechanical mixtures. P. Janna.sch showed that 
labradoritc is attacked with difficulty by hydrochloric acid. W. Tarassenko 
studied the action of hydrocldorie acid on labradoritc. W. B. Schmidt found that 
sulphurous acid attacks oligoclase and labradoritc more than does carbonic acid. 
H. Lots examined the action of air charged with sulphur dioxide on labradoritc. 
J, Lemberg found that a soln. of sodium carbonate converted anorthite into a 
mixture of calcium carbonate, and a cancrinite-like substance. C. Doelter digested 
anorthite with a 10 jier cent. soln. of sodium carbonate for four weeks at 180°, 
and found 31 per cent, of silica, 6 ‘26 per cent, of alumina, and 121 per cent, of 
lime were dissolved. J. Splichal obtained rather different results, for only traces 
of lime passed into soln. J. Lemberg also studied the action of soln. of sodium 
carbonate on oligoclase. J. Lemberg observed that a soln. of potassium carbonate 
converted anorthite into a zcolitic substance- a kind of polanh-anorthite, K. 2 A! 2 Si 208 . 
A soln. of sodium silicate furnishes acicular crystals of a calcium sodium alumino¬ 
silicate. He also examined the effect of soln. of potassium and sodium carbonates 
and of potassium and sodium chlorides on labradoritc-crystals and glass. 
G. Doelter and E. Hussak, and J. Lenarcic examined the effect of molten fluxes 
on labradorite. F. W. Clarke anti G. Steiger examined the action of ammonium 
chloride on heated oligoclase, and found that the dried residue contained 0 32 
per cent, of ammonia. Washing with water afterwards removed 0 96 per cent. 
CaO, and 2’71 per cent. Na20. V. P. Smirnoff examined the action of humic and 
crenic acids on anorthite, and oligoclase. 

The remarks on the effects of natural agents on alkali-felspars (q.r.) apply also 
to the lime-felspars ; the products from the latter usually have a higher jiroportion 
of lime and magnesia. 0. R. van Hise discussed the change of anorthite into 
prehnite, zoisite, meiouite, scolesite, laumonite, gisraonditc, and thomsonite; 
C. F. Rammelsberg, the change inte amphodclite ; A. E. Nordenskjold, the change 
into sundvikite ; A. des Gloizeaux, the alteration to polyargite, and tankite; and 
R. Hermann, and J. Roth, the change into lindsayite. 

H. Sjogren found a mineral in the manganese mines of Jakobsberg, Sweden ; 
its composition corresponded with the barium analogue of anorthite, baryta- 
felspar ;and he called it cdsian —in honour of A. Celsius. W. S. von Waltershausen 
had previously obtained a complex baryta-potash-felspar from the same locality. 
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and he called it hjralophane—from uaAe'os, glass-like; and appearance. 

Analyses of hyalophane were male by G. A. Kenngott, T. Petersen, L. J. Igelsfrom, 
C. P. Raramelsberg, F. Sandbelger, J. C. Heusser^ctc. G. Tscheruiak showed 
that hyalophane can be regarded as a mixture of baryta-anorthite, orthoclase. 
and albite. E. Tacconi shows that the mineral paraaekian which he found 
near Candoglia, Italy, is reaUy an impure celsian. Raryta^felspar has also been 
described by A. Knop, P’. A. Genth, S. L. Penfield and E. S. Sperry, and 
L. J. Igelstrom. A. dcs Cloizeaux descrified a triclinic form which he regarded as 
a harium-pkgwclasc. A MitScherlich, and H. S. Washington also mentioned 
finding up to about PIO per cent, of baryta and O'.K) per cent, of strontia in a 
number of orthoclase felspars. xVs indicated with anorthite, F. Fouque and 
A. Michcl-Levy synthesized both baryta-felspar, and strontia-felspar. E. Dittler 
also made haryla-fekpar, BaAl^SiaOj. P. Eskoia found that the baryta or strontia- 
felspar could be crystallized by fusion with molten barium or strontium vanadate, 
at 1400° for about 12 hrs., and washing the soluble matters from the cold mass. 
The crystals of baryta-felspar are mostly Carlslmd twins, and the apparent rhombic 
characters observed by F. Fouque and A. Michel-Levy, and E. Dittler are mis¬ 
leading because the crystals are monoclinic. Basal cleavagi* is not well develojicd. 
The indices of refractioti indicate a negative Character; for the D-ray, a=-l'5K7, 
jS •--.’>■593, and y=T'600—all +0-002. a for the i'-line is 1-593 ; for the Tl-line, 

1- 590; and for the 6'-line, 1585. No twinning of strontia-felspar, SrAl^SijOo, 
crystals was detected ; and no well-formed crystals were observed. The crystals 
of radiating fibres did not permit a determination of crystallographic cha¬ 
racters. The indices of refraction for the D-line were a=l-574, jSxx.1'582, and 
y---l-586—all ±0-(X)2. The optieal properties of anorthite and of strontia-felspar 
were very similar. Evidence showed that strontia-felspar probably forms a 
complete series of solid soln. with anorthite. 

The crystals of celsian were first stated by H. Sjogren to be triclinie, but later 
they were shown by F. F. Strandmark to be monoelinic with axial ratios a:h:c 
—0-657 : 1 ; 0 5,54, and ^-^=115° 2'. Twinning according to the (.'arlsbad, Baveno, 
and Manebach types has been described. The crystals of hyalophane were 
examined by W. S. von Waltershaiisen, G. vom Rath, F. Rinne, and G. A. Kenngott. 
A. Hadding examined the X-radiograms of hyalo|)hane, and celsian. According 
to A. von Obermayer, the axial ratios of the monoclinic crystals are a:b:c 
=0-658,395 : 1 : 0-55i21. and (8=64° 25' 15" ; P. Groth gave 0-6584 :1 ; 0-5512, 
and |3---115° 35'. The crystals of hyalophane have the adularia habit, and they 
sometimes have a zonal structure with the centraf portions richer in barium, and 
the outer |)orlion richer in potassium. H. Sjogren gave 21'=86“ 22' for the optic 
axial angle of celsian. The plane of the optic axes for hyalophane is vertical to the 
{010)-face; and the optic axial angle, according to A. des Oloiseaux, is 2A'=60° 
at 20°; and, according to F. Rinne, for Li-, Na-, and Tl-light, 2Ha is respectively 
83° 50', 83° 25', and 83° 2'; 2//o respectively 107° 17', 107° 30', and 107° 52'; and 
2F, respectively 79° 21' 14", 79° 2' 50", and 78° 42' 14". 

H. Sjogren gave for the sp. gr. of celsian 3 37 ; F. A. Genth found the sp. gr. 
of hyalophane with 3-71 per cent, of BaO is 2 692, and with 7 30 per cent. BaO, 

2- 835. W. S. von Waltershausen gave 2-771-2-831 F. F. Strandmark gave for 
the orthoclase (Or)-celsian (Ce) series of felspars : 

Or Ofi.Ce Or„Ce Or.Co 0,Ci) CcjOj Ct 

8p.gr. . . 2-650 2 693 2-646 ^726-2-733 2-756 2-818 3 .384 

F. Fouqud and A. Michel-Levy’s preparations hgd sp. gr., haryta-oligochse, 2-906, 
haryta-hbradorite, 3 333, and baryta-amrthite, 3-573; and his stronlia-oligoclase,, 
2-610, slronlia-hbradorite, 2-862, and slronlia-anorthite, 3 043. The effect of the • 
at. vol. of potassium, sodium, and barium on the isomorphism of orthoclase and 
baryta-orthoclasc has been discussed by E. T. Wherry. The hardness of celsian 
and the hyalophanes is about 6 or over. The indices of refraction of celsian, given 
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by F. F. Strandmiirk, are a-1-5837, )3-=1 5886 and y-1-5940; for liyalophane, 
F, Rinne found Li-, Na-, and Tl-light, ^=.l-5388,h'5392, and 1-5416, respectively. 
The optical characters of cijsian and hyalophane arc negative. Hyalophane is 
scarcely affected by acids. A. S. Ginsberg studied the system CaAl 2 bi 203 
BlAlaSigOg, and found, the exeess of the latter erystalliaes as hexagonal plates 
corresponding with ne^ihclite. Mixed crystals with up to 20 per cent, of nephelite 
have 2F=68", while anorthite has 2K=80°. 

F. I,, llaiisomo discovered a kind of hydrated anorthite in the glaucophanic 
schists of Tibaron Peninsula, California, anil he callitd the mineral lawsonite— after 
A. C. Lawson. Since then, the mineral has been found in several other localities 
by C. Viola, A. Lacroix, E. Manasse, ,1. P. Smitli, A. S. Kakle, S. Frarichi. Analyses 
by F. L. Ransome and C. Palache, J. K. Schnell, W. T. Schaller and W. F. Hille- 
brand, F. Zambonini, A.*F. Rogers, J. P. Smith, A. Lacroix, show that the composi¬ 
tion approximates to HiCaAl.^SioGjo, or calcium dialuminium tetrahydrotcydi- 
metasilicate, (H 0 ) 4 CaAl 2 (Si 03 ) 2 . F. L. Ransome and C. Palache gave this 
formula, and also (A 10 H) 2 H 2 Ca(Si 04 ) 2 ; P. Grotli gave Ca[ AllOHlaJglSiOg);.; 
and F. W. Clarke tripled the formula : 


Al=iSi()4 

HalSiO.- 


>A1—CaSiOi-Far-CaSiO, 


,,„SiO.-3lAl(OH)4j3 

■''‘'".Si 04 =-H 4 


Lawsonite is thus related to carpholite in which manganese replaces calcium. 
W. Vernadsky made some observations on the constitution of lawsonite. 
A. F. Rogers saw that the extinction is parallel in one part of a crystal from Calaveras 
Valley, and in the other jiart has an extinction angle, of 6" to the long edge of the 
crystal. This may mean that lawsonite, like, carpholite, is monochnic. J. P. Smith 
saw that lawsonite represents the anorthite portion of plagioclnse set free in the 
chemical adjustment during metamorphic changes, and the albite portion of 
plagioclase, cither furnishes albite crystals, or contributes to the formation of 
glaucopliaiie. Lawsonite is pale blue or greyish-blue in colour. Hibscitc is colour¬ 
less or pale yellow. The large prismatic or tabular crystals belong to the 
rhombic system; and, according to C. Palache, have the axial ratios a:b:c 
■.:0'(i652t: 1 :0-7385. The crystals have also been studied by A. F. Rogers. 
The. twinning plane is (110). The faces (110) and (Oil) are striated parallel with 
(001). The cleavage parallel to (010) and (001) is perfect; and the cleavage parallel 
to (110) is indistinct. The o])tic a.xial angles 2//a--88” 27.'; 2//()----l03° 16': and 
2F„,=84“ 6' for yellow light. F. Cornu reported octahedral crystals of a mineral 
from Marienburg which had tlie same composition as lawsonite, but crystallized 
in the cubic system. He called the mineral hiisnic, and considered it to be a 
dimorphous variety of lawsonite.The sp. gr. of lawsonite is 3 084-3 091, and 
the hardness 8^. The sp. gr. of the ignited powder is 2-558. The sp. gr. of hibscite 
is about 3-5, and the hardness about 6. The indices of refraction of lawsonite 
are a:=.l-6650, j8 ^1-6690, and y=l-6840; and the birefringence y-o=--0-019 for 
yellow light. The optical character of lawsonite is positive. The index of refrac¬ 
tion of hibscite is 1-67. Lawsonite resists attack by acids, but after ignition it is 
decomposed by acids with the separation of gelatinous silicic acid. According 
to F. Cornu, hibscite adsorbs the dye from soln. of fuchsine; the moistened 
powdered mineral has an .acid reaction, but after calcination an alkaline reaction ; 
it is strongly attacked by acids-even by acetic acid ; and it is decomposed by 
alkaline soln. 

The so-called lime-mica was deslribed by F. Mohs as pearly mica. G. 0. von 
Leonhard said that the Tyrolese minelal dealers called it margarite— from 
(lapyaplry^, a pearl—its present-clay name. 

■ J. L. Smith designated the micaceous mineral accompanying the smirgel of Naxos 
and Asia Minor, emerylite; and J. L. Smith and 0. J. Rrush showed that emerylite is 
identical with the margarite of Tyrol. B. Silliman gave tlie name clinyinanile to a mica 
accompanying the corundum of North Carolina, and the 'name corundelile to a mica associ- 
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ated witli the corundum and smirgel of Unionville, I'enn. J. I). Dana, and ti. Tschermak 
showed that all these minerals aA margarltes. N. Nordenskjold found a mica in the 
emerald mines of the Ural, to wli^di he applied the term diphanite —from 8 ij, twice; 
ialvto, to appear—in alh'sion to its appearance when viewed in different directions. 
A. Breithaupt showed that diphaiiite is identical with margarito. 

C. F. Rammelaberg’s review of tlie analyses correspond ^vith (H,I{).j.CaAl 4 Si.^()i 2 , 
or R 8 Si 04 . G. Tschermak, and R. Brauns gave for the idealized mineral 
If2CaAl4SLO]2 ; P. Groth, R2CaAl4Si20t2 1 w'd P- J- Wiik. 2 l(H 2 Ca)Al 2 SiOe}. 
S. Weyberg assumed the exist«nce of a tmirgarilic acid, IIcALSiOa, and he claimed 
to have made salts of this acid by the action of potassium chromate on china clay ; 
and addition products with calcium chloride or bromide. E. V. Shannon described 
a specimen coloured with chromium. F. W. Clarke made two suggestions: 


HO-AK 


SiOj^CaH 

Si 04 S(A 10 ) 


9 


.Si()=(A10),H 
“ "Sit)4=:(AIO),ll 


but prefers the former. This would make margarite, calcium dibydiotctra- 
aluminyldiorthosilicate. K. von (,'hrou.stschoff claimed to have prepared margarite 
by melting together a mi.xture of lepidolite, silicic acid, alumina, and alkali lluoridea. 
The statements, however, require confirmation. 

The colour of margarite is white, with a grey, red, ]iink, or yellow tinge. Distinel 
crystals are rare. It usually forms aggregates of plates, or it may be massive 
with a scaly structure. The crystals are monoclinic with a.xial ratios elosi' to those 
of biolite. The habit of the crystals is tabular. Twinning is common as in mica. 
The cleavage is like thatof mica,but the l.imin;e are rather brittle ami non elaath'. 
The percussion figure is like, that of mica. des t'loizeaux gave for the optic 
a.xial angle 2F:=10'.)“ 32-128’ 18' for red light; M. Bauer gave 2A'- 7C"-8(i''; 
G. Tschermak, 2E -120’ for Na-light; and G. II. William.s, 114“ 30“. E. V. Shan¬ 
non gave 2r-=:30“ for the biaxial miueral. The sp. gr. range.s from 2'9tl 3 08; 
and the hardness from 3T>-4 G. Tschermak gave for the index of refraction 
j3 ==l'fiI 1 •().'); and the birefringence i.s feeble lor y -a -jO'()0!l, E. V. Shannon 
gave a--l’fi2."), |3;“1'().3.3, and y—1'634. 'Che optical character Is negative. 
E. S. Larsen made observations on the optical pro|ierties of margarite. A. Kenn- 
gott found that the moLstened powder reacts feebly alkaline to litmus; and if it 
has been previously calcined the reaction is feebler. 'I’he mineral is slowly and 
imperfectly decomposed by hydrochloric acid. V. Iskyiil studied the, action of 
hydrochloric acid. F. A. Gonth observed the transformation of margarite into 
diidle.yite. {q.v.) by the substitution of the caleiiim by inagnesinni. 

A ^eolite which occurs at Kilpatrick, Scotland, in aniygdaloidal masses was 
called by 11. .1. Brooke -■* thouisonite, in honour of T. Thomson ; and 1). Brewster 
called that which occurs in the lavas id Monte Somma, mmplonile- ahcr 
S. .1 A. Gomptoii. 'T. Monticelli and N. Govelli.,and A. Breithau|)t grouped the two 
miiierals toget.her, and the, analyse.s of V. F. Rammelsberg justified this. 


A. Breithaupt called thomsouito Inptmlanr. .1 .1 Berzelius eHilod the eoiieretions 
with a lamollnr radiating stnieturo at .\nlso, t'liroo I-sland, maso/r -not mesolitiv - and 
.M. K. Heildlo,/(tiYwilite. E. T. Wliorry claimed that, the composition of good ropresontativo 
Ham|)lo 3 *of farftelite approximate Na 2 C’a 3 (Al 48 i 4 D, 4 )tllI; 0 , and they have ilio average 
iiidiees of refrmdion a —1‘,")12, ^ —1*513, and y, 15IK; atid y-a—O 000. Hence, faroelite 
is optically and eheinieally distinct from thoiysonite, and ho favoured its being rogardeil 
as a (lolimte mineral species. , A. and H. Brauus eonsidoird harnngtonito is the saiiio 
as farik'hte, and W. Itaiduiger, and A. des Cleizeaux showed that those minerals are 
varieties of thomsoiiite. H. 1). Thomson called a inesolo from I’ortrush, Antrim, 
Hfoiih'rite; 'T. Thomson, a retldish variety frornathe Donogoro Mts., Antrim, chalitite , 
C. U. Shepard, a variety from the Ozarli Mts ,* .Arkansas, ozarkile : W. 8 . von Walters- 
hausen, a variety in straw-yellow needles, from Bfruliord, Iceland, carpbmlHhit'; and 
8 . F. Peekharn and C. W. Hall, a green variety from Grand Marais, Lake tSuperior, 
lintonite —after L. A. Linton. 


; Quito a large number of analyses has been reported.^s The proportion of soda 
ranges from virtually zero up to nearly 12 per cent. The magnesia is usually 
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below one-half per cent,, but in the so-called pioro^omoniie—ltom mKfw, bitter— 
of G. Meneghini and E. Bechi, the magnesia reipces soda, and may attain over 
6 per cent. The sp. gr. is 2'278, and hardness Z C. F. ^Rammelsberg 26 inferred 
from analyses of the mineral that there is a soda-thomsonite, Na 2 Al 2 Si(j 0 i(). 2 |H 20 , 
aiW a lime-thomonile, CjAl2Si20s.2JH20. P. Groth accepted C. F. Rammelsberg’s 
formula, and C. Hintac doubled it; C. Doelter represented the idealized mineral 
as a hydrated anorthitc, namely, CaAl^Si 208 . 2 JH 20 , because when melted and 
allowed to cool, crystals of anorthite were formed. This view Was adopted by 
F. W. Clarke in his later work : 


SiO 

AlsSi 04 -Al<g!Q*>AJ-Si 0 ,sAl-f- 6 H 20 


Ca 


If the analogy with anorthitc be well-founded, idealized thomsonite would bo 
CaAI[AI(Si 04 ) 2 ] 2 iH 2 ^)> o' hemipentahydrated calcium aluminium alumino- 
diorthosilicatc. The generalized formula, allowing for the soda, can be written 
(Ca,Na 2 )Al 2 Si 208 , 2 JH 20 , the N 82 : Ca ratio varying from 1:3 to 1:1. The 
replacement of up to about half the. lime by soda, said F. W. Clarke, may be due to 
admixed carnegieite. S. G. Gordon found a variety with the ratio CaO : Na 20 = 5 :1, 
and called it calcio-llmmsonile.' G. Tscherniak assumed that there are three lime- 
thomsonites, and one soda-thomsonite. He further assumed that double salts 
can be formed with soda-thomsonite and the other lime-thomsonitos. G. Tschermak 
suggested three possible types of formula ; and for the sake of brevity, neglecting 
the oxygen atoms, these may be symbolized : 

-.Si<^>Si.----- or Ca=.Si=Si<^*^ 

OrthcMllicato. Metaslllcate. Dlsllicate. 

where the free ends of the hyphens represent the attachments for the bivalent 
base. Ho assumed that the. silicic acid obtained by tniatment with acid would 
decide which type of formula is best fitted for a jiarticular zeolite. He said that 
with 10 per cent, hydrochloric acid, orthosilicic acid is formed, and he accordingly 
favoured the corresponding formula. Thomsonite often carries an excess of 
silica or silicic acid, possibly in solid soln. S. G. Gordon assumed as end-members 
CaO.Al 2 O 3 . 2 SiO 2 . 3 H 2 O, and Na 2 O.Al 2 O 3 . 3 SiO 2 .H 2 O in order to represent the 
composition of the different thomsonites. The formulation of the composition 
of this mineral by the co-ordination theory with Ca : Na 2 approximately as 3 : I is 

H. 0. McNeil, and C. Hersch also j)ropo 8 cd a structural formula for thomsonite. 
E. T. Wherry found that the. analyses of thomsonite agree with that of the non- 
variable mineral NaC 82 (Al 5 Si 502 o) 6 H 20 ; and that the apparent variability is 
due to the admixture of this mineral with mesolite. 0. B. Biiggild found these two 
minerals show intergrowths. 

F. Zainbonini investigated the behaviour of the water on heating, and found that 



114° 

158* 

180* 

248* 

306° 

365® 

Loss in dry mr 

. i-4n 

2-42 

— 

4-47 

7-51 

10 29 per cent 

Loss in moist air . 

. 112 

— 

2-25 

343 

5-38 

8-80 „ 


The evolution of water is greatly 'quickened at 400°, and the difference in the 
effects of dry and moist air becomes less marked. The rehydration of dehydrated 
thomsonite occurs in moist air; add the change is analogous to that which occurs 
with heulandite (g.v.). A. Damour found the mineral changes but slightly in moist 
air, but at 280° it loses 6‘1 per cent, of water which it regains slowly when exposed 
to moist air. C. Hersch, and G. d'.Achiardi also measured the loss of moisture 
which occurs when thomsonite is heated at different temp. The latter found 
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80“-85* U6’-160" 20S"-J10* 2S6'-!60' 326*-330“ Red he»t. 

Loss . . 0-942 1-69 9 1 107 1-365 ll79 6-566 per <-cnt. 

Thomsonite has not been pref)ared synthetically.. It occurs in cavities in the 
more basic rocks and probably results from the alteration of the felspathic con¬ 
stituents and nephclite.* It also occurs in crystalline schistMs an alteration prodiHit 
of the lime-soda-felspars. Thomsonite occurs in snow-i^ite, reddish, green, 
or brown columnar masses, in radiated concretions and massive. Eiihedral crystals 
are not so common. The crystals belon| to the rhombic system, and, according 
to W. C. Br6gger,27 they have •the axial ratios a:b: c—0-99324 : 1 ; 1-CI06()2. The 
cleavage parallel to (010) is j)erfect; less .so parallel to (100); and in traces parallel 
to (001). Twinning occ^irs on the (llO)-plane, and this type has been discussed 
by E. Melly, and H. Guthe. The optic axial angle was found by A. Lacroix to be 
2iS -=82°-93‘’ 25' for the red ray, and 84” 11'-OO" 53' for the blue ray. V. von Lang 
gave 2£-;83'’ 56' and 2//=-54°; and G. Cesaro, 2A'- 78" 86° for the red ray. 
Observations were made by 11. Backlund. A. des Gloizeaux gave 2E 85° 47'; 
2F=53° 50'; 2//o=132° 26' -. and 2//„=-55° 22'; D. Hahn gave 2E- 60°. A. des 
Cloizeaux found at 17° 2E =78° 48’, and at 116-5". 78° 30'. The sp. gr. ranges from 
2-3-2-4 ; and the hardness 5-6. A colourless and radiating variety of limc- 
thomsonite was found by 8. G. Gordon to have a s)). gr. 2-405. When warmed, 
clear crystals of thomsonite become turbid. As indicated above, f. Doelter found 
that when fused, anorthite crystullizes from the slowly cooled mass. A. des 
Gloizeaux gave for the indices of refraction for the red ray, a= 1-497, )3 1-503, 
and y.= 1-525. 0. B. Boggdd .said that thiac'values are loo low, and gave a=-1-497, 
j3=:l-.503, and y--:l-525. E. 'F. Wherry found a- 1 .520, j8 I .525, and y- 1-540; 
S. G. Gordon, a=.l-.517 1.529, j3 = 1-520-1-.531, and y l-.5,30 1-541, and for 
a colourless variety of lime-thomsonite, a l-,530, )3 1-532, and y= 1-.512; 
K. H. Philli|)s, 0=1529, )3 1-531, .and y-=l-541; A. Scheil, a 1,524, j8 1.525, 
and y =l',5.37. Olwervations were also made by H, Michel, A. lies Gloizeaux, 
A. Michel-Levy and A. Lacroix, and .1. Konigsberger and W. .1. Muller. 'Flic 
birefringence is strong uj) to about 0-02 negative, or weak up to about 0 (HI,5. Next 
to pecoiite, the birefringeiue is greater than that of any other zeolite, y-a-- 11-027; 
G. Cesaro gave ,8 -a .0 (9126 0-04. F. Kinne found that the double refraction is 
diminished when the, mineral is warmed. Thomsonite is pyroelectric. 

G. A. Kenrigolt -8 found that powderi'd and moistened thomsonite has an alkaline 
reaction, but if precalcined, the reaction is feebler. F. W. Clarke also found the 
moist mineral reacts strongly alkaline. Thomsonite decomposes when treated with 
acids, and, according to G. Tscliermak, gelatinous orthosilicic acid is formed. 
A. Frenzel, K. D. Glinka, and .1, K. Blum di.scusscd the alteration of thomsonite 
in nature. K. D Glinka obtained a crystalline substance which he called hydro- 
thmmmle, (H.2,Na2,Ca)ALSi.,0g.5H.,0, as a decomiiosition jiroduct of thomsonite 
or scolosite at 'Fschakaw, near Batum. The sp. gr. was 2-0. ,1. Lemberg found 
that when digested with a soln. of potassium carbonate, a fotnsh-thmmiU’ was 
formed by replacement of calcium by potassium; soda-lhmmonitc is formed when 
this is dige.stcd wit h sodium carbonate soln.; and lime-thomsonitc if calcium chloride 
soln. is Used. He also investigated the action of soln. of sodium and potassium 
chlorides, and hydroxides. G. Steiger found that with a soln. of silver nitrate 
there is a partial replacement of the basas by silver, forming a mlver-ihoniKonile. 
G. Steiger found that when heated in the vap. of ammonium chloride there is a partial 
decomposition and an ammonium derivative is formed. H. C. McNeil investigated 
the action of molten sodium chloride. C. Gjstnondi^* described a zeolitic mineral 
which he obtained in octahedral crystafb from the lava of Capo di Bove.; he called 
it zeagonUe —from to boil; and ayovo?, bjrren-—and C. C. von Leonhard, in 

his tramslation of Gismondi’s memoir, proposed calling the mineral gismondite. 
8. Breislak proposed the name abrazite —from A, not; and PpaJ^tiv, to boil~and this 
term in some cases was corrupted to ortetfe. There seems to have Ijecn some 
confusion about the identity since properties described by T. Monticelli and 
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N. Covelli, and an analysis by P. Capri, do not agree with later observations. 
H. J. Brooke emphasized the relation of gismonijite to phillipsite; and C. C. von 
Leonhard, the relations of bpth to harmotome; ^but it would appear from F. von 
Kobell that phillipsite from Capo di Bove and Vesuvius has been confused with 
gibmondite from the sagie localities. 

Analyses of gismqpdite have been reported by J. C. G. de Mariguac,^® F. von 
Kobell, F. Zambonini, A. Sachs, G. Tschermak, and S. J. Thugutt. As C. F. Bam- 
melsberg showed, formulas calculated frSm individual analyses are not always con¬ 
cordant—presumably for the reasons stated abov^. F. W. Clarke represented it 
as a hydrated anorthite, CaAl 2 (Si 04 ) 2 . 4 H 30 , and gave a constitutional formula 
similar to that employed for thomsonite. F. Zambonini and P. Groth also used the 
anorthite formula. This would make gismondite a tetrahydiated calcium aluminium 
aluminodiorthosilicate, CaAl[Al(Si 04 ) 2 j. 4 H 20 . The mineral usually contains some 
potash and soda, and similar hypothes(i8 were, suggested by S. J. Thugutt and 
G. Tschermak to explain their presence as were employed in the case of 
thomsonite. C. Friedel and A. Sara.sin suggested the constitutional formula ; 


,, ,O.Si.O^ 


As in the case of thomsonite (q.v.), G. Tschermak obtained orthosdicic acid when 
gismondite is treated with 10 per cent, hydrocldoric acid, and hence he favoured the 
orthosilioate type of formula. Sined a mol of gismondite loses about a mol of 
water at 1(K)°, he assumed that this represents the water of crystallization, and the 
remaining three mols of water are assumed to be an integral part of the mol wliich 
ho symbolizes H()CaAl 2 Si 2 ()]i. 

Gismondite has not been synthesized, and its high water-content indicates that 
it has been formed at a low temp. S. J. Thugutt showeci that it is probably an 
alteration product of nephelite, and by the action of soln. of calcium salts on 
nephelite he was able to obtain a product somewhat like gismondite, and ho assumed 
that in nature gismondite is formed in this manner. C. R. van Hise discussed the 
possible formation of gismondite from anorthite. 

The habit of the crystals is a tetragonal pyramid more stumpy than that of the 
regular octahedron. The colour is white and may be tinged blue, grey, or red. 
J. 0. G. de Marignac,®! (i. Rose and A. Strong measured the crystal angles, and 
supposed gismondite to be tetragonal. H. Credner, and V. von Lang supposed it 
to be rhombic. A. des (,'loizeailx could not decide whether the, mineral was uniaxial 
or biaxial. Irregularities in the angles led A. Schrauf to assume that the pseudo- 
tetragonal crystals are juuduced by the twinning of triclinic individuals, and A. von 
Lasaulx came to the same conclusions from a study of the optical properties. The 
later observations of A. des (,'loizeaux proved that the crystals arc penetration twins, 
and that the variations in the extinction angles caused by the irregular grouping of 
the twins do not confirm the assumjition that the individuals are triclinic. F. Rinne 
showed that the crystals are formed by the twinning of monoclinic individuals, 
and that by the raising of the temp, the variations iu the extinction-angle observed 
by A. des Cloizeaiix disappear, and the crystals become rhombic in structure. This 
was confirmed by F. Zambonini. Gismondite is therefore monoclinic at ordinary 
temp., and rhombic at a higher temp. The cleavage is not perceptible. F. Rinne 
found the optic axial angles for Li-light to be, 2//a---8G° 58', 2//o=104° 11', and 
2 K.=82“ 11' 18"; for Nadight 2H,-.--87° 34', 2//o=. 1(13° 38', and 2 82° 42' 44"; 

and for TT-light 2//„--88° 10', 2Ho=102° 54', and 2I'o=83° 18' 40". .1. B. Hibsch 
gave 2F-^=.86° 46’. A. des Cloizeaiix found 2H varied from 80°-03°. F. Rinne gave 
for the rhombic crystals 2//o- 24° 57'. J. C. G. do Marignac gave 2'265 for the 
sp. gr., and 4-5 for the hardness. G. Tammann measured the vap. press, of the 
crystals with different proportions of water in equilibrium with water vap. at p mm. 
press. The gismondite initially contained 21'86 per cunt, of water. 
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14 55 li'48 6'OS 1'21 O il mm. 

Loss . 0 02 'I 0-19 0 S9 2'41l 3-73 per cent. 

F. Rinne gave for the index of refraetion jS=i r)3 W for I j-light; 1'5385 for Na-light; 
and l'.5I09 for TMight. J. E. Hibsch gave a==lf)308, J3—1'5402, and y=-l &484 
for Na-light. A. Lacroix found the dispersion o -- 0’@082 for Na-light. 'flic 
optical character is negative. W. W. (,'oblentz found that the»ultra-red transmission 
spectrum showed only those bands prodmjpd by water, viz. l'5/4, 2/i, 3^, and 4'7fi. 

(lismondite is decompo.scd bv acids, and according to (J. Tschermak,*^ gelatinous 
orthosilicic acid separates out. S. I. Thugiitt noted that gismondite is coloured rerl 
by a soln. of silver nitrate and potassium cliromate ; and gismondite can be distin¬ 
guished from jihillipsitc by its behaviour towards silver nitrate, and methylene blue. 
F. (irandjean found that dehydrated gi.smonditc absorbs the vap. of mercury, 
cinnabar, calomel, iodine, bromine, or sul])hur—ciV/c iiifru, chnbazite- and he 
measured the change which occurs in the optical propertii-s of the products. 

W. F. Fo.shag3* applied the term p/oco/itc to colourless rhombic dodeeahedra 
occurring in the limestone of ('restmore, ttalifornia. Analyses correspond with 
3('aO.AL().,.2Sir)2.2lloO, or dihydrated calcium dialuminoxyldiorthosilicate, 
('a;|( AtlL) 2 (Si 04 ) 2 . 2 Il.A'), in which some silica is replaced by carbon dioxide. The 
sp. gr. is .‘)'r2!t; the hardnes.s C| ; anil the index of retraction 1'71() The mineral 
is readily dissolved by hydrochloric acid, it react,s slightly alkaline when moistened 
with water ; and the reaction is stroim after the mineral has been calcined, 

.f. N. von Fuchs *4 found a mineral at Mt. Monzoni, Fassa Valley, in isolated or 
aggregated crystals which he named gehlcnitc -after A. F. (lelilen. A. Rreithaupt 
called it stylobnte—from (rTuAd|3aT7)s, base of a pillar--in allusion to the resemblance 
of the crystals to a sipiare foot under a column. 

H C. Lewis found .squaro prisms of a pseudoinorplious mineral at Wakelield, Ottawa, 
wliicli he named from KaKos, Lad ; and aAdair, fracture in allusinn to its 

want of c]ca\'a.zc The crystallmo form is prnbalily tetragonal. Its sp. gr. is 3 0,73, and 
liardnessS 0. 11 was analv/.cd liy I’’ Oontli Tim mineral appeal's to resomble gnljlcmte, 

and also sureolite K VVeinsebenk descrdiod thick, fnur-sidtsl, light applo-grecii crystals of 
a iniiieral from .Monr.onillial, wlin li be called fmigtiilr.. d’be crystals probably' belonged to 
the tetragonal system ; the basal cleavage was perfect; tbesii gr 3'IK: anil the hardness 
111 : and the index of refraclioil la-€ I tllll for N'li-ligld, The birefringoneo was low 
T’lie mineriil is related to akemianite and golilenito —I’ldc injm. 

Analyses of gehlcnitc have been reported by f. F. Ramnielsberg, 0. R. Kuhn, 
J. Lemberg, V. von Zepharovieh, F. E. Wright, .J. Percy, F. L. Hausmann, 
.7. II. L. Vogt, H. Hauernmn, etc. It F. liainniclsberg calculated the formula 
R".|H"'.,Sic())a, or I'ajALSi.^Olo- Z. Weyberg regarded it as a basic orthosilicate, 
('aALSL()g.2l'ii(); and P. (Iroth, Ca||(AI(l) 2 (iSi 04 ) 2 , mirinm dinxi/alumininm 
Jioiilmdimte. There arc considerable deviatiniys from these forniiihe. F. W. (tliirke 
represented gehlcnitc as an aluminato-orthosilicate : 

(CaAlOs) ,=Sil) 4 ■ A1 -,SiO .r. (CaAlt 1,), 

W. T. Sthallcr showed that like the melitites all the fuggerites and gehlenites can be 
rejiresciited as isomor|)hnus mixtures of akermanile, velardeiiite, sareolite, and 
soda-sarcolite ; hence, he suggested that ■atiiral mixtures of two or more of these 
cora])ounds be called by thc*group-name mcldile, and tiiat the terms yehlenite. and 
fiujfjerilr be. dropiied, J. B. Ferguson and A. F. Buddington call the silicate 
2 (.’a 0 .Al 203 .Si 0 .,, gehlcnitc -cide gelardeuit|'* 

Gchlenite is found as a secondary mineral jiroduced by contact metamorpliisin in 
limestone. It is not infrequently found in furnace scoria' and slags, and reports 
of its occurrence in slags have been made, by J. Percy, H. Baiierman, J. H. L. Vogt, 
P. Qroth, J. F. L. Hausmann, and P. Heberdey. The mineral was synthesized by 
L. Bourgeois by simply fusing the constituents together. F. Fouqiie and A. Michel- 
Levy obtained good crystal^ by using mixtures containing magnesia, and iron 
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oxide. C. Doelter reported crystals resembling gehlenite to be formed when basalt 
is fused with limestone, and when vesuvianite is nielted. 

The crystals usually form short square prisina; they arc sometimes tabular; 
and sometimes octahedral. The colour ranges from diferent shades of greyish- 
gAseu to liver-brown. A. dcs Oloizcaux gave for the axial ratio of the tetragonal 
crystals »: c=l : 0’4Q(K)6. The cleavage parallel to (001) is imperfect, and parallel 
to (100) in traces. V. Schumoll-Deleano and E. Dittler studied the rate of crystalliza¬ 
tion of fused gehlenite. The sp. gr. ranges from 2’90-3’07; and the hardness 
from 5J-6. A. Michel-Lcvy and A. Lacroix gave for the indices of refraction for 
yellow light to=l'663 and €=1'658. The birefringence is weak being e— co=0 005, 
or, according to H. Roscnbusch, 0-00618. C. Hlawatsch measured the index of 
refraction for different spectral lines. The optical character is negative. When 
treated with hydrochloric acid, the (calcined or uncaloined) mineral is easily decom¬ 
posed with the separation of gelatinous silicic acid, and the soln. obtained with the 
fresh mineral contains ferrous and ferric chlorides. .1. B. Ferguson and A. F. Bud- 
dington studied the solid soln. formed by akermanite, Ca 2 MgSi 207 , and gehlenite, 
Ca 2 A 1 . 2 Si 07 , and found a minimum in the curve at 1388° corresponding with 74 
per cent, akermanite, of m.p. It.W". Sp. gr. of the glasses confirmed this. 
Observations on the alteration of gehlenite in nature have been made by A. Cathrein, 
P. von Sustschinsky, C. R. van Hise, and J. Lemberg. 

In the third century b.c., Theophrastus, in his Uepl Xi'daiv, referred to a mineral 
which he called avdpa.^ ; and about the beginning of our era, Pliny, in his Historia 
mturalis (87. 2,6-27), referred to the mrbuncnhis. Theophrastus’ term, meaning a 
burning coal, alluded to the internal fire-like colour and niflection ; the .same term 
was applied to some rubies. Pliny’s term was derived from carbo, coal, and had 
the same signification as avdpa^. These minerals are thought to be designated 
gmmtus by Albcrtus Magnus in his De mineralibm (2. 7) of the, thirteenth century. 
The term was adopted by 0. Agricola,^® and .1. G. Wallerius; it was translated into 
French greiml. by J. B. L, Romi's de I’lsle, and into English garnet by R. Kirwan. 
The term pranalus, meaning like a grain, alluded to likene.ss of some garnets to the 
sc(!d 3 of the pomegranate, which are small, numerous, and of a red colour. 

The garnets form a class of isomorphous minerals belonging to the cubic system ; 
and there is also an artificial product, soda-garnet. Their general formula is 
Rs^Rz” (®’D 4 ),s. where calcium, manganese, and ferrous iron may replace one 
another as R"-bases ; and aluminium, chromium, and ferric iron act as tervalent 
R"'-element 8 . In a few cases, titanium may act as a tervalent clement replacing 
R'", and it may also partially replace the silica. Thus, there arc : 


Sodium garnet 
('oleium-aliiminium garnet 
Mngnesiiim aluminiiim garnet 
Forrous-aluminnim garnet 
Manganoso-aluminium garnet 
Calcium-ferric garnet 
Calcium-chromiiim garnet 
Oalcium-ferrititano-garnot 


t.AClOKIOMTE. NajAIgSiO,), 

Gkossiilar, CajAlgSiO,), 

I’vRorK. MgjAljlSiOjij 
Ai-MANI)tNE, FejAljiSiO,), 
Si't-ssARTiTE, MnjAli(SiO|)3 
Anoraoitk, CajFegSiO,), 
OnvARoviTE, CajCrjfSiOjlj 
S('ii0Rr.0MiTK, Cas(Fe,Ti),|(Si,Ti)04(, 


L. L. Fermor described grniMe as a garnet between grossular and andradite : 
and spandile, between spessartitc and <endradite. The sodium present in some 
grossulars is assumed to be prc.sent as isomorphous fagoriolite, when not present 
with an included mineral. The titanium is assumed to be present in the form of 
Ca 3 Ti. 2 ( 8 i 04 ) 3 , and also as Ca 3 Fe 2 (Tv 04 ) 3 ; tile ferrous-iron in the ferric garnets is 
assumed to be present as Fe 3 Fe 2 (Si 04 ) 3 ; ’the manganese as Mn 3 Fe 2 (Si 04 ) 2 ; the 
vanadium as Ca 3 V 2 (SiO.,) 3 ; the yttrium as Ca 3 Y 2 (Si 04 ) 3 ; and the cerium as 
Cn 3 Ce 2 ( 8 i 04 ) 3 . The inter-relations of the garnets have been discussed by 
W. C. Brfiggerand H. Backstrom, E. Weinschenk, W. E, Ford, W. Eitel, H. E. Boeke, 
and J. Uhlig. W. E. Ford obtained the results indicated in Table XXIX. 
Lagoriolitc has been discussed in connection 'with the alkali aluminium 
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TiBLE XXIX.— Comparison of the Oaenkts. 


4 

liLex of 
reff^UoD 

Pyrope . . . • . 

1-705 

Grossular .... 

1 m 

Spessartito 

1-80U 

Almandmo 

l'88(l 

Ouvarovite 

1-870 

AndrcKlite .... 

• 1-895 


1 

8p. gr. 1 

« 1 

Mol, wt. 1 

Hot. vol. 

3-510 

.404-5 

1152 

3-530 

451-7 1 

127-0 

4-180 

400-4 1 

118-8 

1 4 250 

400-1 1 

117-4 

3-750 

500-3 

1 

135-8 


triorthosilicates. The others will be discussed in connection with the corresjionding 
bases, and the descriptions referred to that of grossular which is tak('n as the typo- 
meinber of the class. W. Eitel investigated the miscibility of the gametic 
minerals, 

A. G. Werner^’ applied the term grossular to a jialc green garnet from Siberia. 
The name was derived from (jromilaria, the botanical name for the gooseberry, and 
applied in allusion to the colour. Various terms have been applied to grossular 
garnets of different colours. 


A cinnamon-brown variety from Ceylon woh called by A. (J. Werner Kancehfrin or 
cinnaimn-stonr.; R. J. Plauy chIUmI it hfammlr or ebonite —from ftoowv, inferior— in albiHlon 
to its being less banl than the tnio hynemth wlmb it rosemblcH I’. A. l)ufrV*noy applied 
the terra to an amlier-yellow variety from Ala. I'ledmont ; and N. Nordenskjbld, 

rontamovite —after Connl Komnnzoff- ton brown variety from Kimito. Tinland. A. Ucis- 
bach applied the term tellrnmrhtc to a variety of grossnlar. Some of the green, yellow, 
and brown garnets may he iron-garnets, 'J’ho lighter clear garnets are oftim called 
hyaiunthH, and regarded as gem-stones. 'I’lie yellowish garnets thus furnish the so-ealled 
^oemfa la bella ; a yollowish-enmson garnet, the (juanuui tm ; a somewhat similar variety, 
the vvruu’iUe, or /lyin -garnet: and a reddish-violet garnet, tlu' nibmo di rocca, and 
also the i/rruat syrtam - from S>'nam, I’egn— and probably also the umcfliyitfiontr/t of 1‘liiiy. 
The true proeious garnet has a deep clear rod colour like Ibirgundy wine, and is eitlier a 
jijrope or an almandite. 


Numerous analyses of grossidar have been made; some varieties arc free from 
iron oxide, while other varieties may have, up to about 8 per cent. A. Live.rsidge, 
G. A. Kdnig, and H. G. T. Wachtmeister found samples with up to 7'() |)er cent, of 
manganese o.xide; and L. C'olomba, samples with nearly 5 per cent, of chromic 
oxide. C. F. Rammclsbcrg summarized the various analj'ses by the formula 
CasALSijOi.^, which in turn may he regarded as if substitution product of normal 
aluminium ortliosilicatc, .M 4 (Si() 4 )i,, calcium dialuminium orthosilicate, 
Ca 3 Al 2 (Si 04 ) 3 . This view is 8 do|ited by F. W. Clarke, W. C. Brogger and H. Il4ck- 
strfmi, and P. Groth. The graphic formula thus becomes (CaSi 04 ) 3 Al;(, or 


Ca—SiO.—AL ,, 

,, c.-n ..x-oiOi-Ca 

Ca;^-8iO,=AI * 

F. W. Clarke’8 formula. 


0; AU).Ca.O^ .^O.SiO.O^ .. 
OiAl.O.t.'a.O'^ ■O.SiO.O'' 
U. T.elierniak'B fomiula. 


W. and D. Asch represent the garnets as being compounded of two silicates of the 
types 18 K 0 . 6 R. 203 . 18 Si 02 , and 16 R 0 .(lR./) 3 .l 68 i 02 ; and ajiply the hexite- 
pentite hypothesis to them. W. Vernadsky represents the garnets as being com¬ 
pounded of the mica nueltus (q.v.) with an orthosilicate, R. 2 AL 8 i 20 ,.R 2 SiG 4 . 
P. Erculisse regards the garnets as solid soln, of metasilicic acid and an alurnino- 
silieic acid of the type H^SiAl^Og. C. Tacher»iak claimed to have isolated me.sotri- 
silicic acid, H 48 i 30 g, from grossularitif, and* hence assumed that the mineral is a 
mcsotrisilicate. The argument turns on the i^lidity of the assumption that the 
product obtained actually represents the nature of the acidic radicle —vjde the 
silicic acids. 

W. G. Brbgger showed that sodalite can be correlateii with the garnets by 
substituting the bivalent AIOi"-group in place of sodium in soda-garnet; likewise 
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with the bivalent NaSP 4 —Al"-group for noscan (q.v.). The helvite family is also 
related with the garnets if the bivalent S.Mn.S''fcoup be substituted for the base, 
and 3Be takes the place of ^Al, furnishing (Mn,fc) 2 (MnS,)Be 3 (Si 04 ) 3 . 

Grossularite is found principally in crystalline limestones where it has been 
dtjvcloped by contact jnetamorphism. Grossular is a p)>rogenic mineral, but its 
synthesis is not easy.. T. H. Smith described a colourless grossularite formed by 
deposition from magnetic waters acting on serpentine and gabbro. C. Doelter 
and E. Hussak found that it decompo^s when melted-—ufrfe infra—md L. Bour¬ 
geois, and J. II. L. Vogt fused a mixture eq. to gfossular and obtained anorthite 
and monticellite. The production of grossular must therefore be restricted to 
a liniitefl range of temp.; the observations of L. L. Fermor on the probable 
formation of garm^ts at great depths show that press, may be an important factor; 
K. S. Sheperd and 0. A. Rankin produced grossular by the action of aluminium 
cldoridc on calcium orthosilicate under pre,ss. A. Gorgeu obtained crystals of a 
substance like grossular by fusing pip(!-clay with an excess of calcium chloride. 

'I’he garmits all crystallize in the cubic system. Grossular furnishes euhedral 
crystals which are comtuoidy dodecahedrons, and icositetrahedrons, or these in 
(simhination ; octahedral and cubic crystals are rare. The anhedral crystals arc 
often rounded or irregularly formed, and they may occur in grains and granular 
aggregates. Garnet may also occur massive, granular, or laminated. It may also 
appear to bo compact and cryptocrystalline like nephelite. L. Calm,*' and V. Gold¬ 
schmidt and R. Schrbd(^r found growths of needle-likc; crystals of topaz on crystals 
of garnet. The colour of grossular rna/be white, pale green, amber, yellow, brownish- 
yellow, cinnamon-hrown, pale rose-nul, and, when chromium is jiresent, emerald- 
green. Although belonging to the cubic systimi, D. Browstcir .showed that the 
crystals may he optically anomalous in exhibiting double refraction. This subject 
has been studied by A. Breithaupt, A. des Cloizeaux, M. Wehsky, A. Wichmann, 
A. von Lasaulx, B. von Jerennijcll, J. Hirschwald, E. Mallard, etc. E. Bertrand 
explained the phenomenon by assuming that the crystals were really pseudorhomhic 
or pseudocubic produced by the complex twinning of tricliuie, individuals. G. Klein 
showed that the normal form of the garnet is cubic, and that tlu! anomalous optical 
structure is a secondary mol. condition—probably produced by contraction after 
crystallization. The structure of the crystals is immediately coTineeted with the 
external form, for the crystals can be regarded as being made up of a serie.s of sindlar 
pyramids whose vertices meet at the centre. Indeed, many garnet.s can be easily 
separated into parts corresponding with these |)yramids. C. Klein distinguished 
four types: (i) The miahcdral (-ype corresponding with eight triangular pyiamids 
each of which is uniaxial and negative with the optic axis normal to the octahedral 
face which forms its base, (ii) The (UnkcaheJrnl lypr corres|ionding with twelve 
rhombic pyramids whose bases coincide with the faces of the dodecahedron. The 
axial plane is parallel to the longer diagonal to which the bisectrix is normal, (iii) 
The icosikirahcdral type corresponding with twenty-four pyramids who.se bases aie 
formisd by the faces of the tetragonal trisoctahedron to which the optic axis or 
bisectrix of the pyramid is normal, (iv) The hexocItxheJral or 'opazoltlic type 
corresponds to forty-eight triangular pyramids with bases corresponding to the 
position of the faces of the vicinal hexoctahedron of to)iazolite. Each )»yramid is 
biaxial. W. 0. Brdggcr showed that garnets in igneous rocks which have been 
formed from magmas, or which have been embedded in rocks by regional meta- 
moriihism, ate uniformly isotropic; while the crystals which have separated from 
hot soln. in crevices, or have book formed by contact metamorphism, usually 
exhibit the anomalous double refraction. The dodecahedral faces of the crystals 
are sometimes striated parallel to the longer diagonal. The cleavage or parting 
parallel to (110) is sometimes distinct. S. Nishikawa studied the X-radiogram of a 
garnet. 

The sp. gr. of grossular ranges from 3'4-3'6. W. E. Ford gave 3 530; and 
P. J. Holmquist, 3'621. The sp. gr. decreases after grossular has been melted : 
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thus, M. Seebach found a sample with a sp. gr/3'506 before fusion, and 2'86C 
after fusion. Analogous observations were made by G. Maginis, F. von Koliell, 
and A, H. Church. The hardnesslis near 7. 1‘. J. Holmquist found that if ijuartsi 
be 1000, the hardness oif the (lll)-faco is 836 ; on Hie (llO)-face, 866 ; and on 
the (lOO)-face, 1261. P. W. F. Oeberg found the.sp. ht. of garnets ranged frign 
01744-01758. The gurnets can be readily fused ; C. DoAter gave 1110'’ for the 
m.p. of ha.s.sonite. V. Doelter and E. Hussak found that when fused alone, 
meionite, melilite, anorthitc, lime-olivine,* lime-ncphelitc, hamiatite, and sjiinel 
arc produced ; the proilucts vary witli the composition of the garnet. C. Uoelter 
fused grossular with sodium and magnesium fluorides and obtained biotite, 
uuortliite, meionite, olivine, and magnetite. A. Dannholm found the sji. ht. of 
garnet. A. desCloizeaux gave 1'74 for tlie iude.v of refraetion. 11. Kosenliuseh 
found for a colourless sample l-7.'iy4, 1-7438, and 1-7180 respectively for Li-, Na-, 
and Tl-light; similarly, for a reddish sample, 1-731(0, 1-7411 and 1'7482 ; for a 
jiale yellow .samjile, 1 7520, 1-7561), and 1-7617 ; and for a brown sample, 1'7575, 

I- 7626, and 1-7676, M. Seebach gave 1-7320, 1-7304, and 1-7411, The index of 
refraction of gros,sular which has been fused is smaller- W, E. Ford gave 1-735. 
H. \V. Vogel measured the absorjition .spectrum ; and W. VV. Coblentz, the ultra-red 
transmission spectrum. .Absorption band.s w-ere found in the yellowish green, and 
greenish-blue parts of the spectrum. In the ultra-red there is a wide absorption 
band extending from l-2-2-6p, and complete opacity beyond 4-5ju. 8. C. Lind 
and D, C. ISardwell found that radium rays colour red garnet violet or jiurple; 
no Huorescein-e or thermoluininescenee was ebseived. 0. Miigge found sjieeimens 
of garnet with railioactive haloes. H. liavink measured the magnetic properties 
of gurnet. 

Grossular is not decomposed by acids, but after fusion acids decompose the 
product. G. A. Kenngotl found that moist and powdered grossular has an alka¬ 
line reaction, E. Sullivan found that an exchange of buses occurs when garnet is 
treated with a soln. of cupric sulphate. E. Keymond studied the action of chlorine 
and of hydrogen chloride on hessonite. The transformation of grossular into 
chloride, epidote, meionite, wollaslonite, etc., has been discussed by 0. R. van Ilise, 
E. Mdlosevich, E. S. von KederotT, K. von Fellenberg, V. A. Kersten, R. Hermann, 
G. Rose, J. R. Blum, etc, ,f, Roth called an earthy product of the alteration of 
grossular, (ic/hurur/i/ite J. fiemberg .studied the action of a soln. of magnesium 
chloride on grossular which had been fused. 

.\n isometrH- mineral f^OIn.\(■ll^ara^^<ia, Siberia, was named aeti/erm/i/ay by K. 15 (ihieker; 
w Itiflianditt’., by .\ Dreilbauiit; ami ar/duryai/dc, tiy K. Auerliacti. It waa aiinly/.ed by 
It. ttermann, and N. vnu KokscluirolT. 'I'be eomjaisilion waa 2S-27 40-10 percent. Hit),; 

II- 11-13-00, AIjOji 14 07-17 00, Kog),, 0 42, KeO; 11-27 14-41, t'aO; 3 00 20 07, 
.MkO ; 8 (it 12-27, 11,0 llri'itbaupt suggested lliat ibo crystals are paendemorptm 
after belvjto ; (1 Hose, alter gro,ssular ; and It. OrAuiel, after boracite. 

N. fi. Bowers-*3 found a fibrous white mineral in the caleite near the Abitibi River, 
Canada, and he named it echellite— from «-/«-/(e, a ladder—in allu.«ion to the ratio 
1 ; 2: 3 f4 for the components (('a,Na 2 ): Al.^O;): HiO.^: H 2 O, calculated from the 
analysis. He represents it by the formula (Ca,Na 2 )(A 10 H) 2 Al 2 (Si 04 ) 3 . 3 H 20 , or 

calcium dihydroxytetraluminium triorthpsilicate, Ca(A 10 H) 2 Al 2 (Si 04 ) 3 . 3 H 20 , a 
formula which recalls thair of zoisite, (.’a 2 (A 10 H)Al 5 (Si 04 ) 3 , The mineral is 
probably rhombic ; the indices of refraction are a--l .5.30, ;8-.i-533, and ^=1-545 ; 
the optic axial angle is 50°; and it i.s soluble iii hydrochloric acid. 

B. G. Sage,-)-* and J. B. L. Rome»de ITsle mentioned a mineral resembling 
chrosoylite from the Cape of Good Hope, and 4he latter regarded it as a kind of 
schorl. A. G. Werner named it piehnite— after Col. Prehn. R. J. Hatiy found 
specimens of the mineral in France. J. C. Dclametherie called a mineral similar 
from the Pyrenees, mupkolitc-~fmn\ koiJ^ov, tender—because it occurred in fragile 
masses made of small thin lamina; or scales. L. P. Walmstedt called a prelinite 
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prehnite; J. 1). Dana, and i'. o..'’''rfi'W? ='^?-- X.^Xn 'Ki’- ?' 
u hydrat^ zoinite; and A. Lacroix, thomsonite. The coloui'‘v'o f'^llY.vR*^*green, and the 
mineral is slightly chatoyant on the rounded edges. *The sp. gr. is 3*18; the haixlhess 
5-6. It is decomposed by hydrochloric acid with the separation of flocculent silicic acid. 
W. M. Foot© described a mineral occurring at Neepigon Bay, Lake Superior, which was 
called zonochlorile in allusion to its having banded zones with different shades of green. 
G. W. Hawes found the mineral is not homogeneous, and he regards it as impure prehnite. 
The sp. gr. is 3T13, and tlie hardness 6-7. M. V. Heddle found whit© or yellowish sheafy 
clusters of plates of a mineral at Uig. Isle of Skye, and he called it uigite. The sp. gr. is 
2’284, and the liardnoss 5^. It is regarded as a decomposition product of prehnite. 
C. \V. Blomstrand found colourless crystals, tinged yellow or green, on Hvitholm, Spits¬ 
bergen. He called t he mineral ardolite., or rather arktohte. The composition corresponds 
with H 2 (Ca,Mg)jAljSi 30 t,; it thus resembles prehnite with magnesium in place of some of 
the calcium- -i'alnum rmynmum dialumimum dthydroiriorthos'dicaXe.. Really, very little 
is known about arctuHte. Tlio sp. gr. is 3 03, and the hardness 5. 


Early analyses were made by J. H. HassenfratZi^® M. H. Klaproth, L. N. Van- 
quelin, A. Laugicr and A. F. Gehlen, A. G. Werner assumed that the contained 
water is zeolitic, and the mineral is sometimes regarded as a zeolite, but C. F. Ram- 
melsherg showed that the water is expelled only at a red heat, and is therefore 
very different from zeolitic water. Numerous other analyses have been reported.*^ 
C. F. Rammelsbcrg calculated from the analyses the formula H 2 Ca 2 Al 2 Si 30 i 2 . 
and assumed it to contain silicic acid, and aluminium and calcium orthosilicates. 

F. W. Clarke gave Al 2 (Si 04 ) 3 Ca 2 H 2 , c^cium dialuminium dihydrotriorthosilicate, 
analogous to biotite, Al 2 (Si 04 ) 3 Mg 2 KH; graphically, he gave : 

Al SiO.-AlX^* ~ ^ ^‘‘^*>Al-SiO,SAI Ca=0,=SL0.Si0.0.AI.0H 

^Si04<,,^ >Si04 Q 6 

Ca=0,=Si—0—A1.0H 

F. W. Clurkc*a formula, . C. Hiwch’s /onnula. 

G. Tschermak gave (0.A1.0.Ca.0)2Si(0.Si0.0.H)2. The analyses indicated 2-66- 
5-30 per cent, of contained water. W. Dittrich and W. Eitel found that good 
samples contained about 4 88 per cent. As in C. F. llammelsberg’s experiment 
just cited, the water is retained very tenaciously up to a red heat. E. A. Schneider 
found only 017 per cent, is lost at 105°, and 0’31 between 250° and 300°. C. Hersch 
obtained a similar result. F. W. Clarke and G. Steiger observed the following 
percentage losses: 

100“ ISO” 260° 860° K«l heat. Bright red. Blast-flame. 

1.088 . 0'21 0°18 0‘10 O’ll 0-28 t-Oh 0°0B 

F. Zambonini similarly obtained small losses up to 430°, and hence he considered 
the water to be constitutional. E. Norin gave 725°-750° for the dehydration 
temp., and also showed that the water is constitutional. G. Tammann found the 
vap. press, of the mineral at 25° to be 0,;39 mm. when 0-2 per cent, was removed. 

Prehnite occurs principally in basic eruptive rocks—basalt, diabase, etc.—as a 
secondary mineral—may be in veins. It is often associated with' zeolites, pectolite, 
datolite, calcite, etc. A. Lacroix has desciihed a case where it was formed by 
contact metamorphism. It has not been propared synthetically, and it is doubtful if 
it has been form^ at a high temp.' Euhedral crystals are rare; their habit is gene¬ 
rally tabular, sometimes prismatic and acute pyramidal. The aggregates of tabular 
crystals are united to make broken forms sometimes barrel-shaped. It also fur¬ 
nishes reniform, globular, or stactictic masses. The structure may be columnar, 
lamellar, or granular. The colour may be white, grey, or green, and the green colour 
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may fade on exposure. The crystals belong to the rhombic system, and A. Strcng 
gave a:b: e=0'84009 ; 1:0'55494 for the axial ratios;'and A. Beutell gave 
0'8420:1:1'1272. Observations^cre made by W. H. Miller, 6 , Flink, V. M. Gold¬ 
schmidt, C. F. Naumaniii and A. des Oloizeaux. TBe cleavage parallel to (001) 
is distinct; but that parallel to (110) is not cleay. A. des Oloizeaux found tie 
optic axial angles are variable for the red ray, 2U varying !rom 73“ 43'-76° 7', and 
2E from 122“ 59'-129“ 9'. A. Beutell found that for the red ray 2H—1V 41', 
and 2£=135“ 16'; for the yellow ray, 2//=a77“ 44', 2A’=.135“ 26', and 27=69“ 22'; 
and for the blue ray, 2tf=77°, 53', and 2£=135“ 54'. H. von Eckerman gave 
27=65° 52'-68“ 40'. A. des Oloizeaux found that raising the temp, from 9“-146J“ 
changed 2E from 129“ 48' to 131“ 50'; and in another case, raising the temp, from 
9“-121“ changed 2E from 52“ 20' to 50“ 28'. I’rehiiite exhibits in some cases 
optical anomalies. The grouping of the parts in the aggregated forms is some¬ 
times highly complex, and consequently there are marked variations in the optical 
characters. For instance, A. Mallard observed the crossed dispersion characteristic 
of the monoclinic system ; and there may be microseojiie, lamination such as occurs 
with microcline. The subject has been investigated by A. des Oloizeaux, A. Mallard, 
B. K. Emerson, and A. Beutell. 

The sp. gr. of prehnite ranges from 2'80-2'95; and the hardness is below 5. J. Joly 
gave 0 2003 for the sp. ht. of prehnite. According to (!. Doelter, when prchidte is 
fused, and the melt slowly cooled, crystals of plagioclase and of wollastonite are 
formed: H. 2 Ca 2 Al 2 Si 30 i 2 =ll 20 -)-CaSi 03 -)CaAl 2 Si.i 0 ,,. E. Norin studied the 
thermal dissociation of prehnite. According to A. des Oloizeaux, and A. Michel- 
Levy and-A. Lacroix, the indices of refraction for yellow light are a=l'616, ; 8 = 1 '626, 
and }'=1'649. 'The double refraction is strong; A. Lacroix gave y—a=1 0336. 
H. von Eckerinann gave a=l'6152-l f)157, )3=1C243-1'6250; and y=l'64.54- 
1'6462 for Na-light. The optical character is positive. R. J. Hatty, 0. A. S. Hof¬ 
mann, 0. 0. von Leonhard, P. T. Riess and U. Rose, and G. W. liankcl made obser¬ 
vations on the pyroelectric properties. The polarity is central, the analogous poles 
are at the centre of the base, and the antilogous poles at the extremities of the 
brachydiagonal. 

6 . A. Kenngott found that powdered and moistened prehnite has an alkaline 
reaction towards litmus. According to C. Doelter, prehnite is attacked with diffi¬ 
culty by hydrochloric acid, with the separation of granular silicic acid; but 
strongly calcined, or fused prehnite is readily attacked by acids with the sejiaration 
of gelatinous silicit acid. Similar results were obtained by E. Norin. For thermal 
dissociation of prehnite, vide supra. E. G. Sullivawi studied the action of soln. of 
cupric sulphate on prehnite. 'The natural transformations of prehnite into green 
earth, felspar, etc., have been discussed by C. R. van Hise, J. R. Blum, H. Laub- 
mann, P. von Sustschinsky, V. von Zcpharovich, C. N. Fenner, K. Peters, etc. 
When the mineral is heated in the vapour of Rmraonium chloride, F. W. Clarke 
and G. Steiger observed no absorption of ammonia. When prehnite is digested 
with water at 210“-220“ for 342 hrs., J. Lemberg found that a hydrated silicate 
is formed, Ca. 2 Al 2 Si 3 O 11 . 3 H 2 O. 

In 1806, A. G. Werner received a specimen of a mineral from Baron von Zois; 
and it appears to have been called by the Carinthian mineralogists saualpUe, being 
found on the Saualpe, Carinthia. A. G. M^rner called it zoisite ; C. C. von Leon¬ 
hard, iUwlerile. R. J. Hattyr and J. J. Bornhardi associated zoisite with epidote, 
and in this they were followed by many others. H. Steffens emphasized the 
physical differences, and H. J. Brooke separated the two minerals on crystallo¬ 
graphic grounds. In this, he was supported later by the optical work of A. deg 
Oloizeaux. * 

H. J. Brooke applied the term thuUte — alter TkuU, an ancient name lor Norway — 
to a rose-red mineral Irom Tellemarken, Norway, which he regarded as a variety ol epidote. 
The red colour of the porfido rosso antioo is in part due to the presence ol thulite produced 
by the alteration ol felspar. A. des Cloizeaux, W. C. BrOgger, and O. Tschermak showed 
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that thuhte U a variety ot ioisite. B. Silliman found a white mineral at Ifnionville, Penn. ; 
he caUed it unionile. J. "L. Smith and {1. J. Brunh at first regarded it as a variety of oligo- 
ciaae, hutiaiet showed that it is a variety of /.oisite. Il'ide sanssurite, which often contains 
some loisite. , * ^ 

f. The first analysis of zoisite.was made by M. H. Klaprpth,®'’ and varieties were 
later analyzed by C. f. Bucholz, and A. Laugicr. These were followed by analyses 
made by others. C. Jf. Rammelsberg ^3 deduced the formula Ca^AlgSigOsj; 
and later gave H^Ca^AljSieOae- G- Tsthermak, and E. Ludwig recommended the 
same formula and assumed zoisite, to be isodimorphous with ll 2 Ca 4 Fe 2 Al 4 Si(j 028 . 
A. Breithaupt and F. Sandberger supposed tliat chromic oxide can take the place 
of ))art of the alumina. (J. F. Rammelsberg showed that the boric oxide found by 
A. des Cloizeaux,-and the zirconia reported by A. von Schrdtter. are to be regarded 
ns accidental impurities. H. Laspeyres tried to show that zoisite is a salt of silicic 
acid, U 4 . 5 Si 04 ..) 5 ; and G. Tsohermak, that it is the salt of his garnitic acid, 
H 4 Si 30 g, namely, (AlOlflfCaAlOnlaSijOj. W. Vernadsky regarded it as a com- 
pl(!X .X'a2Al2Si.208.Ca(0H).2; and F. W. Clarke ascribed it to the foimnla. 

Ca.2(AI()fl)A1.2(Si04):,, calcium dialuminium aluminohydioxytriorthosilicate : 

o n 

Al-:.?,Si0-4-Al<®lv‘i-A10H 

Part of the alumina can be rei>laced by ferric oxide owing presumably to the 
existence ot an incomplete isoniorpho.us series with the end-members, aiuminium- 
zoisile, HCa 2 Al 38 i;( 043 , and iron-zoisile, HGajFegSiaGij —vide infra, epidote. 

Zoisite is of secondary origin. It occurs chiefly in crystalline schists especially 
in those characterized by amphibolic minerals. It is also found in some granites, 
and in becls of sulphide ores. The formation of zoisite in nature has been discussed 
by A. Cathrein,®* (J. F. Chandler, F. Becke, F. A. Geiith, 0. R. van Rise, W. Ver¬ 
nadsky, and T. Iliortdahl and M. Irgens. A. Bruii reported the formation of 
zoisite by fusing a mixture of silica, alumina, and lime. This conclusion is doubtful 
because the product contained no water. 

Zoisite occurs in indistinct prisiiiafic or columnar forms, and in fibrous aggre¬ 
gates. The euhcdral prismatic crystals are sometimes striated or furrowed parallel 
to tho c-axis. The colour may be white or tinged grey, yellow, green, brown, red, 
or, in the case of thulite, rose-red. H. J. Brooke,®^ as indicated above, showed that 
zoisite is crystallographically different from epidote; and A. des Cloizeaux found 
tho crystals to be rhombic, not monoclinic like epidote. A. F. Rogers described 
tho monocliuic crystals of clinozoisite. (J. Tsehermak gave for the axial ratios 
of zoisite (i:b: c=0'611l63: 1; 0'342i)5. Observations were also made by 
W. C. Brdgger, F. Zandionini, G. F. Williams, H. Traube, and J. D. Dana. The 
cleavage parallel to ( 010 ) is perfect; and it is sometimes developed parallel to ( 100 ). 
G. Tsehermak made observations on the twinning of the crystals. P. Tcrmier 
assumed that there are polymorphous zoisites ; in a-zoisite, the plane of the optic 
axis is parallel to (010), and in ^-zoisite, this plane is parallel to (001). P. Terraier 
suggested that both forms of crystals are really triclinic and pseudorhombic. 
This hypothesis has not been confirmed. F. Becke said that the alumino-zoisites 
correspond with P. Termier’s a-zoisite, and the ferrugiuous-zoisites with the 
j 8 -zoisites. The optic axial angles may be variable even in the same crystal. 
A. des Cloizeaux gave for red light, 2£=42°50'; for green light, 60° 54'; and for 
blue light, 65°-70°. 0. Tsehermak gave 2£(,=94° 59' for red and 93° 6 ' for blue 
light. A.Lacroix gave2£=95°and 2F=51°. A.F.Rogers gave 21'=90° nearly. 
A. Arzruni gave 2flo—108° 14' for J(i-light, 109° 48' 20" for Na-light, and 111° 13' 30" 
for Tl-light. A. des Cloizeaux found the optic axial angle increases rapidly with 
rise of temp., passing from 94° 59' at 21'5° to 107° 28' at 195° 8 '. 

K. VVoinsc^heiik pr(»po8ed the naino rUtwzoisUe for tlie monoclinio epidotes which are 
near Eoiaito in composition, but monoclinic in crystelUzation^ —vide epidote. The pale 
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rose-red crj’stals of epidote from Goelenvand, Tyrol, may be regarded as clitHw,oi8itB. 
They are optically positive; index of refraction, 1'7196; birefringonce, y~o=0 0056; optic 
axial angle, 2F=S1" 40'; and sp. gr., 3','172. The variety from Rothonkopf, Zillerthal, 
was optically negative, with the bjrefringenoe y-a=0'0105. The monochnic mineral 
named foKt/ufts—after L. Fpuqu^—by A. Lacroix is white 6r yellow, and resembles toisite 
in composition. It occurs in the gneiss at Salem and Candy, Ceylon. The optiyi 
character is negative; th^birefringonce y-o=0 020; and sp. gs., 3'24 3'31. 

• 

A. Breithaupt found the sp. gr. of a white variety to be 3108, and that of a brown 
variety 3'381. The s,p. gr. ranges from 3'1*3’4. The hardness is 6. J. J. Berzelius 
found that when heated befora the blowiiiiie, zoisite swells up, forming a bubbly 
mass, and finally melts to a glassy slag. A. ties Cloizeaux obtained a grey enamel. 
B. Horter made some observations on this subject. E. Norin studied the thermal 
dissociation of zoisite, and gave 900“-970‘' for the dehydration temp. K. Cusack 
gave 995° for the m.p.; A. L. Fletcher, 1045"; and C. Dnelter, 1080° 1090". 
G. A. Kdnig found that when heated in a tube, the red colour of zoisite becomes 
grey, and when cooled again, the original colour returns. C. F. Rammclsberg 
said that after calcination the proportion of FeO : Fe^Os increases ; H. Laspeyres 
showed that the opposite result obtains. E. Weiuschenk gave for the indices of 
refraction a—1-6973,13:- 1-7002, and y -1-7061; A.Michel-Lcvy,a—1-696,/S--1-696, 
and y= 1-702; K. Zimanyi, a==j3:=l-700, and y—1-705; and 1'. Termier, 
a=p -;l-096, and y- G-7034. A. F. Rogers gave o=l-715, |3=:1-717, and y—1-721 
for clinozoisite with Na-light. The nispective birefringences are y a 0 0088, 
0-(K)6, 0 005, and 0-(K)73. C. Doelter investigated the- action of X-rays on zoisite 
and found it.s transparency relative to tin-loH to be as 1 : 14. 

G .4. Kenngott^'' found that powdered and moistened zoisite reacts alkaline 
with litmus ; he also reported that zoisite is scarcely affei-ted, if at all, by nitric 
acid. G, F. Rainnielsberg found that only zoisite which has been ealeined is decom¬ 
posed by hydrochloric acid with the sejiaration of gelatinous silicic aehl. E. Norin 
obtained a similar result. The observations of G. .). Brush, E. Ludwig, R. Her 
maun. K. I’l.-'cni, and T. .Schi'erer showed that the effect of acid 's determined 
by the composition of the mineral. According to II. Laspeyre.s, the fine powder 
is eompletel)- decomposed by boiling hydrocbloric acid. C. Doelter found that 
sulphur dioxide passed over the mineral at a red-heat has no a])precinble 
ndlueiK-e. ,1. Lemberg studic-d the action of a soln. of potassium carbonate at 
21H) -21(I’ for 708 hrs.; with -sodium carbonate soln., a soda-linie-canerinite was 
formed. G. Doelti.-r pa.ssed water vaj). over a molten mixture of manganous 
chloride and zoisite, and obtained anorthite and a lime-augite. The changes 
which zoisite undergoes in nature have been studied by J. R. Blum, and G. R. van 
tli.se. 

About 1783, .1. B. L. Rome de ITsle ^7 and others referred to schorl vert 
dll Dniqihini.; ,J. G. Uelamclherie called it lhallile—him daAAds, the colour of 
young twigs—in allusion to the colour; II. B.Me Saus-sure, dclphinile, after the 
locality where it w-as found, and nisaiiile, after Bourg d’Oisans ; D. ],. 0. Karsten, 
aiendiiUtr, after Arendal; M, F. R. d’Andrada, akantlnkomle from aKavBis, 
a goldfinch -in allusion to the colour; M. 11. Klaproth, scorzn , A. G. Werner, 
pislaciii: . from wnmbfia, pistachio nut—in allusion to the colour; aiul R .1. Hally, 
epidote from IniSoats, increase—in allusion to the base of the rhomboiilal prism 
having one aide longer than the other. , 

A. I..ovy named a niiiierol from Arendal, hucklandtte- after W. Hufkiand. (i. liose, and 
(jr. vum Rath referre<i to a mineral in auch terms as to make it appear as if orthite was in 
question. (1. Rose referred later to a black epidote from Aclimatovsk which N. von 
Kokscharoff calletl bucklandite. A ^een* mindi-al from the same locality was called 
achmatUe — after B. von Achmaloff — by G. Rose. sH. Hermann showed that M. von 
Kokscharoff’s bi!tgTaiionitc — after P. Bagration — from Achmatovsk, is not an epidote but 
a variety of orthite. 1). Brew8t4;r applied the term after H. Witharn—to a 

red epidote from Glencoe, Scotland. J. A Wagner called a mineral from Ekaterinburg, 
Ural, punclikiniie —after M. Puschkin—A. Oseraky, and N. von Kokscliaroff showed it 
to be a variety of epidote. T. gcheerer called an epidote from Maggiathale, e^chertle — 
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after C. Escher van der Llnth. G. Munteanu-Mui^oci described green massive aggre¬ 
gates of a mineral from Lotru, Transylvania, which he cjdled lolrite. Its composition 
approximates 3(Ca,Mg)O.2(Al,Fe),0,.4SiOj.2HjO,itS8p.gr,is3'23: its hardness 7J: index 
of refraction, 1*67; birefringence, y—a=0*014; 2i^=;30®; 2F—18®; and it is optically 
positive. It is supposed to be bionoclinic. The mineral hancochiie —afterE. P. Hancock— 
was described by S, L. Penfleld and C. H. Warren. It occurs at Franklin, New Jersey, and 
rAemblesepidotein its general properties. Its composition is (Ca,Pb,Sr)j(Fe 0 H)Al,(Si 04 )j. 
A. Ilreithaupt’s heiwhlf—after M. von Beusfr—from Predazzo, Tirol, is regarded as a 
variety of epidote. See clinozoisite. A. Damour and A. des Cloizeaux reported crystals 
of a kind of matjnma-epidotc from Lake fiaytal, Siberia. They called it pieroepidotf,. 

H. V. C. Descotils published the first analysfe of this mineral, and this was 
followed by the analyses of L. N. Vauquelin, M. H Klaproth, C. P. Bucholz. 
R. Hermann, C. F. Rammelsberg, R. Richter and T. Scheerer. Numerous other 
analyses have since been published.^* E. Ludwig made direct determinations 
of the water in a number of epidotos, and found from 1*67-2*35 pci cent.: 
M. Dittrich and W. Eitcl found from 0*32-2*14 per cent.; and F. Zambonini 
found after successively heating to the following temp.; 

80" 120® 370’ 460’ 471’ 

Water lost . . . O'Oft O'lO O'lO O'lO O'lO per cent. 

Attempts to deduce a formula were made by T. Scheerer,®^ R. Hermann, V. Hart- 
wall, and A. Sobrero; and by C. F. Ramn-iclsberg, who represented the idealized 
mineral by CagBgSijOjj. G. Tschermak, and G. A. Kenngott gave H.2Ca4AlgSie026. 

E. Ludwig confirmed this result, which was later accepted by C. P. Rammelsberg. 
As in the case of zoisite, more or less of the alumina can be replaced by ferric oxide, 
changing aluminium-epulole, HCa^AljSigOjg. into iron-epulole, H(/a. 2 Fe 3 Si 30 j 3 . 
These form an incomplete scries of solid soln., for the most ferruginous epidote 
known can have only 40 per cent, of iron-epidote. G. Tschermak first assumed 
that epidote and zoisite are isomorphous; Cl. F. Rammelsberg showed that these 
two minerals have the same eomiiosition Imt different crystalline forms; and 
G.‘ Tschermak that they are isodimorphoiis. The subject was discussed by 

F. Kreutz, W. 0. llrogger, E. Weinschenk, P. Terrnier, F. J. Wiik, A. Arzruni, 
A. Schwantke, and H. L. Barvir. Zoisite is the only repre.seutative of the rhombic 
epidotes. The monoclinic epidotes are: 


Clinozoisite . . 

Epidote 
Piodmonite . 
Allanito or ortliito. 
Hanoockite . 


(XifAlOHIAIdSiOj), 
Ca.|(AI.Fo)OHI(;VI,Fe),(SiO,)j 
Caj(A10H)(Al,Mn)j(SiO,)j 
(Ca,FB)j(AIOH)(AI,Fe,C;e),(Si04)j 
(Ca,I>b,Sr)j(Fo()H)Al .(SiO 4)3 


F. Balzac found an epidote approaching the end-member clinozoisite in the 
Ala Valley. H. Laspeyres assumed that epidote is a salt of a polysihcic acid with 
the empirical formula H 4 . 5 Si 04 .. 3 g E. Ludwig found no satisfactory evidence in 
favour of this hypothesis. G. Tschermak assumed epidote to be a salt of gametic 
acid, H 4 Si 308 ; and he considered epidote to be like grossular with an atom of 
lime replaced by the radicle AlOH. W. and D. Asch postulated a scries of nine 
typical epidotes and adapted their hexites and pentites to them. V. Goldschmidt 
regarded epidote as constituted: .3R"R2"'Si208-l-H2Ca02, and F. J. Wiik, as 
H20a2(Al,Fe)2Si20jo.2CaAl2Si208. F. W. Clarke employed a similar formula 
to that for zoisite (q.v.), .thus making aluminium-cnidotc, CagfAlOHjAlgfSiO.jg, 
or calcium dialuminium aluminolvdioxytriorthosilicate ; and iron-epidote. 
CagfAlOHlFeafSiO.la, or calcium dilerric aluminohydroxytriorthosilicate. 
P. Groth gave for epidote AI 0 HT=Si 04 =Al 2 (Si= 04 ) 2 ^ 82 . W. Vernadsky 
regarded epidote and zoisite as addition products of the mica nucleus 
3R2(Al,Fe)2Si208 with R"(OH) 2 . 

Epidote is a mineral found in crystalline sehists, and is common in gneiss, 
garnet rocks, amphibolitic, paragonitic, and glaucophanic rocks, and phyllites. It 
is a contact mineral in hmestones; and when calcareous ferromagnesian minerals 
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form chlorite, epidote is simultaneously produced. Epidosite is an epidotic 
quartzose rock developed from diabase. C. R. Keyes showed that epidote is 
probably a primary mineral in sojie granites ; A. Sfichel-L^vy,. B 8. Butler, etc,, 
have given other examples. The epidotization of fdlspar, p)Toxene, amphibole, 
biotite, scapolite, garnet,, etc., has been discussed by numerous observers. Epidode 
has not been made artificially. C. Doelter ** obtained indications of re-crystalliza¬ 
tion of epidote by fusing the powdered mineral with sodium and calcium fluorides. 
Garnet, meionite, anorthite, olivine, and magnetite were simultaneously produced. 
When epidote alone was fusty!, anorthite, and a lime-augite were produced. 

E. 8. von Fedcroff made some observations on this subject. 

Epidote occurs in crystals which are usually prismatic but sometimes acicular. 
It also occurs in fibrous and granular masses, and as epidote sand (scorza). The 
colour is usually a peculiar yellowish-greeu—pistachio green—seldom found in other 
minerals. This colour, however, shades into brownish-green, greenish-black, and 
black. The mineral also occurs white, grey, yellow, and red, the colour depending 
on the proportion of iron oxide. Measurements of the crystals wen* made by 
R. .1. Haiiy.M C. 8 . AVeiss, A. T. Kupller, F. Mohs, F. Hessenberg, W. Haidinger, 

L. J. Spencer, W. H. Miller, E. Artini, T. Scheerer, A. Levy, K. Zimanyi, 0. vom 
Rath, F. Babanek, G.Flink, J. C. G.deMarignac, J. Griinzer, B. .Tezek and A. Krejci, 

M. von Tarassoff, A. des Cloizeaux, C. Bodewig, F. A. Quenstedt, A. Schrauf, 

F. Auerbach, V. von Zopharovioh, etc. H. Bucking gave a historical review of 
the dilTcrent observations which have been made on this subject. J. ( 1 . (1. do 
Marignac measured the axial ratios of tlie monoclinic crystals, and N. von 
Kokscharoff gave a : h : c--l'r)807’!; 1 : l‘b0574, and (>4° .30^ while his son gave 
l'r)7874 : 1 :1-80362, and j 8 -- 64" 36' .50". The. latter values ore considered to be 
more exact. For clinozoisite, with I '68 per cent. FcjO;), N. von Kokaclmroff gave 
l -.58,53 : 1 : 1-8117, and /3 64“ .30' 21" F. Zambonini gave for an epidote with 
14-',)9 percent. Fe.^Os, 1-.58187 : 1 : 1-807.58, and ^--64° .36'; G. Boeris, for an epidote 
with 16-22 per ct-nt. Fe.,!);), 1-57886:1:1-80181, and 115" 22' 30"; and 

N. von KokscharolT, for bucklandite with 16-i)0 per cent, of B'e.^ 03 ,1 -5807 : 1 : 1 -8057 
and j3 =64° ,36'. A. II. Westergard showed that an increase in the proportion of 
contained ferric-epidote increases all the mol. axial ratios. The twinning parallel 
to (KK)) is sometimes lamellar; twinning parallel to ((X)l) is rare. The cleavage 
parallel to ((X)l) is perfect; and imperfect parallel to (100). H. Baumhatier, and 
J. Granzer found the corrosion figures corresponded with the symmetry of the mono¬ 
clinic system. A.* des ('loizeaux found the o])tic axial angle for red light to be 
2//—92" l'-94° 6 '; 2//o—115° 20'; and 2V =74°4t7° 49'. C. Klein gave for red 
light 2//„=91° 12' 91° 26'; 2f/o--=lU° .56'; and 2F=^73° .36'-73° 48'; for yellow 
light, 2//„=91° 4' and 91° 20 ; 2//o=145° 38'; and 2F==73° 26'-73° 39'; and 
for green light, 2/4=90° 56'-9r 12'; 2//fl=i46" 36'; and 2F=7,3° 13'-73° 26'. 
E. .Artini gave for Na-light, 2//o—144° 10'; 9f/o-96° 18'; and 2F=73° 59'- 
77° 54'. E. H. Forbes, E. Weinschenk, M. Bauer, W. Ramsay, 0. Andersen, 
C. Klein, E. Ludwig, and G. Schlemmer have noted the effect of ferric iron on 
the optical constants of epidote with M molar per cent, of ferric epidote: 


Af . " 0 3 11 14 10 23 27 37 

2F, . 114" 40' 08° 20' 90° 32' 87" 46' 79° 56' 73° 30' 73“ 30' 68" 46' 

• * 

A. des Cloizeaux found that the optic axial angles are not much affected by raising 
the temp., the maximum change being 1° 30', when the temp, rose from 36'6°- 
146-5°. M. Goldschlag found for epidotes witn 0 (clinozoisite), 19 (epidote), and 
37 (pistacite) per cent, of ferric-epidote, respectiwely : 


A 

Clinozoisito 
Epidote 
Pistacite . 


388-8 
113° 47' 
79“ 34' 
68“ 53' 


668 0 
111“ 29' 
79° 9' 
68° 60' 


628-0 
109“ 41' 
79“ 7' 
68 ° 68 ' 


510-7 
108° 11' 
78° 68' 
60" 1' 
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H. Haga and F. M. Jager studied the X-radiogtam of epidote. The reported 
values for the sp. gr. of epidote vary from about 3 04-3'554. The former was 
obtained by D. Lovisato for an epidote with abput 12 per cent, of Fe 203 and is 
probably low, and the latte/ by V. von Zepharovich fon a sample with about 18 
pe^ cent, of FejOs. J. Kebldorfor found 3 365 and Weinschenk 3 370 for 
samples with about 1'68 per cent, of ferric oxide. The relation between the sp. gr. 
and ferric oxide content is more or less obscured by other factors: 

t 

Fe.O, ... 3 3-52 o CT 9'67 12 03 per cent. 

Sp. gr.. . . . 3-370 3-399 3-387 3-440 3-386 

Determinations have been reported by A. Breithaupt, A. Renard, J. W. Mallet, 
C. Klein, 0. Andersen, A. Lacroix, H. Wulf, R. Hermann, F. J. Wiik, G. vom 
Rath, C. Schlemmer, Ee Ludwig, T. Schcercr, etc. The hardness is about 6. The 
sp. gr. is lowered by calcination ; thus, 0. vom Rath found at 13'5'’, the sp. gr. of 
an epidote was .so reduced from 3-361-3-316 . F. von Kobell found for another 
sample a reduction from 3-46-3 38 ; and C. F. Rammelsborg, a reduction from 
3-403-3-271. W. Suida, C. F. Rammelsberg, H. Laspeyres, D. Lovisato, etc., 
found that the proportion of ferric oxide in epidote was lowered by calcination, 
or by fusion with borax. The loss on ignition is therefore not all due to the loss 
of water and organic matter. T. Schcerer, E. Ludwig, and H. Laspeyres attri- 
bute<l the eauses of the reduction of the ferric oxide to reducing gases from the 
flame; and 0. F. Rammelsberg, and W. Suida to the dissociation of the ferric 
oxide at the temp, of the ignition. If. Fizeau found for the coeff. of linear expan¬ 
sion lor the, chi(d axis and for the two axes in the plane, of symmetry, re.spectively 
tti 4 (- 0593126 , ao-= 0 - 05 . 334 (X), anil a;)--- 0 - 04 l 08600 ; this makes the coeff. of 
cubical expansion ai-|-a 2 -(-a 3 - ()- 0423 .‘ 535 ; and th(^ mean linear coeff. O-OjTTTS. 
E. Jaunettaz gave 0-634 for the square root of the ratios of the conductivities in 
th(^ directions of the a- and y-axes ; and 1 -088 in tlie directions of the and y-axes ; 
ho also found the axial ratios a: ^; y of tlie i.sothernial ellipse to be O-y.'lt: 1 ; l-<t 88 , 
and the ratios of the thermal condiu-tivities in these directions, 0-87 : 1 : LIH; 
he found that the vertical axis c(OOI) and the jirincipal axi.s made an angle 
--14“ 30'. H. Fizeau made some observations on this subject. 1’. E. W. Oidierg 
found the sp. ht. of ejiidote to l)e 01861 betwe(ui 16“ and 1(K)"; and .1. .Toly 
foninl 0-1877 between 13“ and 100“. R. (hisack gave for the m.p., yr)4“-976“ ; 
A. L. Fletcher, 1001" -1026”; A. Briin, yotl“-f21')0“; and G Doelter, 1005°, 
E. Norin studied the thermal decom|io 3 ition of epidote and gave y00°-1000° for 
the dehydration temp>. ‘ 

M. Goldsehlag found the indices of refraction increase in magnitude as the 
proportion of ferric epidote increases. This is illustrated by the values of the 
indices of refraction for light of dilferent wave-lengths. A, shown in Table XXX. 
E. H. Forbes, E. Weinsehenk, M. Bauer, W. Ramsay, 0. .Andersen, C. Klein, 


Table XXX.— The Inokus of Refraction of Ecidote. 


A 

OliDDZOUIto. 

Kpldote with 10 per ceot. of 
ferrlp-eplaote. 

Epidote with 87 per cent, of 
fenic-epidote. 


a 


' Y 

t. 

a 

1 

■ 

a 

? : 

y 

666-3 

- i 

1-7132 


1..7174 

1-7372 ! 1-7445 


1-7.591 


688-3 

1-71.36 

1-7172 

1-7188 

1-7217 

.1-7422 ! 1-7500 

1 7291 

1-7634 

1-7796 

568-0 

1-7178 

1-7204 

1-7222 

,1 7244 

1-7465 1 1 7540 

1-7316 

1-7666 - 

1 -7815 

528-0 

1-7182 ' 

1-7219 

1-7237 

1-7265 

1-7479 ! 1-7670 

1-7339 

1-7676 1 

1-7836 

623-2 

— 

1 -7228 

— 

1-7270 

1-7493 1 1 7679 

— 

1-7691 

— 

510-7 

1-7201 . 

1-7238 

1*7258 

1-7286 

1-7504 1 1-7693 

1-7375 

1-7702 ! 

1-7867 

476-9 

— 

1-7277 

— 

1-7319 

1-7551 1 1-7651 

— 

1-7725 

— 
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E. Ludwig, and C. Schlommer have also investigated the indices of refraction of 
epidote with M molar per cent, of ferric-epidote, and found 


M 

0 

3 

• 11 

14 

19 

23 

27 

37 

a 

1-7124 

1 7176 

1-7140 

1-7240 

1-7228 

— 

1-7336 

1-7^0 

0 

1-7138 

1-7195 

* 1-7160 

1-7244 

1-741# 

1-7582 

1-7693 

1-7020 

y 

1-7175 

1-72.32 

1-7240 

1-7344 

1-7633 

- • 

1-7710 

1-7790 

7 -a 

0-0051 

0 0056 

0-0080 

0-0144 

0-0305 

0 0350 

0-0374 

0 0536 


The double refraction of the epidotes low in iron is positive and negative with 
those rich in iron. The transition occurs with epidotes containing 7-11 per cent, 
of ferric-epidote. The jileochroism and interference phenomenon were investigated 
by D. Brewster, J. B, Biot, A. Bertin, and W. Voigt; and H. Nagaoka e.xannned 
the effect of temp, on the pleochroism. The absorption ])henomena were studied 
by C. Klein, H. La8|)eyres, ('. I’ulfrich, K, Carvallo, W. Bainsay, and H. Bec()uerel. 
V. Agafonoff studied the absorption of ultra-violet rays. W. W. Coblentz found 
the ultra-red transmission spectrum showed the hydroxyl band at ff/t; and addi¬ 
tional bands at i 'ifjL, 4'7/i, 5’0/i, blip, b tl^, ti ljja, and 7’4^. Some of the.se 
are common with those of silica. W. Arnold, and L. 1‘. Thompson studied the 
dichroisui of epidote for X-rays; and C. Doelter found that the transparency of 
epidote for the X-rays is small, E. .lannettaz stmlied the electrical conductivity 
of epidote. W. Finke measured the magnetic susceptibility’of epidote. A. des 
t'loizeaux found that fused epidote is non-magnetic. B. liavink .studied the pro¬ 
perties of the, (irystals. 

H. Laspeyres found (lark green or brownish-grc'cn globules of glass in epidote 
which had been cidcined. W. Hermann heated epidote to dark redness in a stream 
of various gases ; and found in oxgyen, the colour becomes more yellow and darker ; 
in hydrogen, dark yellow ; in coal gas, greener and dark(!r ; and in nitrogen, more 
yellowish-green. The changes are connected with the, relative colouring effects of 
ferrous and/erric oxides. T. Scheerer, and E. Ludwig found that the water which 
is expelled from (‘iiidote by calcination has an acid reaction. (1 A. Kmingott 
found that ejiidote powdered and moistened has a distinct alkaline reaction 
towards litmus, and the reaction is rather faster if the mineral has been calcined. 
(1. A. Binder found that epidote heated, with carbonated water in a sealed tube, at 
160” for 4 weeks, is partly decomposed, but an ina]ijireciable (jiiantity )iasses into 
solii. E. \V. Hoffmann, \V. B. and R. E. Rogers, and C. G. C. Bischof have made 
observations on this subject. E. Ludwig, and ('. F. Rammelsberg (1846) found 
that epidote is not attacked by hydrochloric aciiJ, but the calcined mineral is 
completely decom|)osed with the sejiaration of floeculent silicic acid. G. voni Bath 
said epidote is not .soluble in hydrochloric acid whether the mineral has or has not 
been calcined. F. von Kobell, W. Baer, and C. F. RammeLsberg (1856) found 
e])idote is partially decomposed by hydrochloric acid, but H. Laspeyres, L. Cordier, 
and A. E. Nordenskjold said epidote. is completely deconipo.sed by the boiling acid. 
A. Kenard said that epidote is completely dissolved by hydrochloric, acid in a 
sealed tube at 125"-1.‘)0”. G. Doelter found a small deconi|)oaition when epidote 
is heated, in a stream of sulphur dioxide. H. Behrens and P. D. C. Kley found 
epidote to be only slightly attacked by sulphuric acid. G. A. Kenngott said that 
epidote is but slightly attacked by nitric acid, but the calcined mineral is easily 
decomposed with the separatjpn of gelatindbs silica. E.«Norin obtained a similar 
result. E. Keymond studied the action of chlorine and of hydrogen chloride on 
epidote. E. C. Sullivan studied the exohange of Jiases which occurs in soln. of cupric 
sulphate. Epidote is less liable to alteration than a good many silicates; the con¬ 
tained iron is mostly present as ferric oxide. I', Simmonds found that epidote 
does not show any definite reduction by hydrogen at a red heat. The transfor¬ 
mations of epidote in nature have been discussed by C. R. van Hise,**' W. Haidinger, 
J. R, Blum, G. Rose, E. Doll, J. Morozewicz, C. Doelter, 0. Heusser and G. Claraz, 
A. Lagorio, P. von Jeremejeff, jtc. 

The crystals of a mineral from Vesuvius were at first regarded as a variidy of 
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hyacinth; accordingly, M. A. Cappellar called it hyaeinihw ocloiecdhtdrkm; 
J. B. L. Rome de Tlsle, hyacinte da Vesuve J. Demeste, hyacinth mlcanique; 
P, 8. Pallas, Hyadnth-Krystalle ; and J. C. D^lam 6 therie, hyacinthine. 
J. F. W. Widenmann called it vokanic schorl ; A. G. Werner, and M. H. Klaproth, 
o?*«wan—from the first knowi! locality; and R. J. Hatty, iimast^hom etSo), I 
see; and Kpdois, mixture — in allusion to a resemblance between its crystalline 
forms and those of other species. J. D.,Dana changed A. G. Werner’s term muvian 
into Tesuvianite. 

A. G. Wemer assumed tliat the mineral is exclusively volcanic. An identical mineral 
was found by C. A. Murray, at GOkum, Finland, and called by J. von Lobo yo/mdc—after 
J. V. Gabn ; J. ,J. Berzelius called it loboitc — after J. von Lobo da Silveira; and 
T. Thomson, gokumite,. A magnesian variety from Frugard was called by N. Norden- 
skjOld, friigardik; it ho,! a sp. gr. .^'3411, wbilo a non-magnesian variety of sp. gr. 3'390 
from the same locality was called jevre.imvite. A sub-columnar brown variety from 
Eger, Bohemia, was called cj/cran by A. G. Werner, .f. .1. Berzelius called a bluish variety 
containing a trace of copper cyprinf. It was found at Tellemarken, Noi-way, and analyzed 
by G. LindstrOm. J, V. Lewis and L. H. Bauer found a specimen in Franklin. Now .Fersey, 
and it was analyzed and described by E. V. Shannon. 3’. Thomson called a yellowish- 
brown variety from Amity, New York, oii/FuVr ~ from forfloy, yellow. R. Hermann 
found small green prisms of a variety pf vesuvianite at Zlatoust, ITral. and called it hetno- 
mrrite —from hepos, other; p/poy, part—in allusion to a supposed variation in the 
normal composition. A. von Lasaulx called a manganiferous variety from St. Marcel. Pied¬ 
mont, and from Pajsberg, wmngan-idecrusr, or waiiyam-vi'Murianik. See colophonite. 
The mineral wiluitc, or viliiUe from Wilui or V’llui, Siberia, described by N. von Kokscharoff, 
A. T. Kupffer, P. S. Pallas, A. Estner, ff. H. Klaproth, B. J. Hauy, C. C. von Leonhard, 
C. A. S. Ifofinann, and V. von Zepharovicb occurs associated with grossular, and is con¬ 
sidered to be a boriferous variety of vesuvianite. The mineral calijomite, found by 
G. F. Kiinz in California, has the apiiearanoo of jade, and it takes a high polisli. It is a 
variety of vesuvianite. 

M. H. Klaproth,and F. von Kobell analyzed the mineral, but the results were 
not unlike, those, for garnet. G. Magnus believed that garnet and vesuvianite had 
the same composition; but R. Hermann held a different view. G. Magnus said that, 
on melting, the sp. gr. is reduced while the weight is not affected ; hut F. Ram- 
melaberg showed that there is a 2 -3 per cent, loss owing to the expulsion of water. 
This was later confirmed by G. Magnus, and T. Schceror. The latter .said that the 
water is not to be regarded as a secondary hut rather as a [irimary constituent. 
M. Wcibull, G. Lindstrom, L. Iwanoff, E. Grill, and J. H. Vogel found samples 
with up to nearly 2 per cent, of fluorine ; and V. F. Rammelsherg, E. A. Prcndel, 
P. Jannasch, B. T. Wherry and W. H. Oha]iin, samples with up to 10'20 per cent, 
of boric oxide. Many attemjits have been made to find the primary compound 
in vesuvianite. It is probably a solid soln. of several minerals. 0. F. Rammclsberg 
required four formulae to represent the compositions of different varieties of the 
mineral. P. Jannasch and P. Weingarten gave Gao{ 0 H)AlSi 207 ; M. Wcibull, 
(faR''Al 2 R'"(OH,F)Si 502 o, where R" represents Mg, Fe, Ca, Mn, Na^, K 2 , H 2 or 
(MgOH) 2 ; while R"' represents Al, Fo, Ti, or B; H. Sjogren, R"|R"Al(Si 04 ) 3 } 2 , 
where R" denotes (AlOH)", (AIF)", Ga, Mg, Na.>, H 2 , and (CaOH) 2 ; P. Groth. 
{Al( 0 H,F)lCa,Al 2 (Si 04 ) 6 : G. Tschermak, H 4 Cai 2 AI,Sii„ 043 ; and F. V- Clarke, 
H' 4 G 87 Al 2 Si|j 024 , where R '4 may be 082 , (A 10 H) 2 , (Al(OH) 2 t 4 , or H 4 . There are 
some replacements of calcium by magnesium and iron; a little of the hydroxyl 
may replace fluorine, and some boric oxide may bp present. F. W. Clarke gave 
the graphic formula: 

/S,jO 4 i-Ca33:SiO 4 \ 

Al;;SiG,:-:C»,_Si 047 Al 
AlfOHlruSiO.-Ca -SiO.-AlfOH) 

which is very like that of epidote, but with C 83 in place of AI 2 . E. V. Shannon 
represented its composition by 4 E" 0 .R 203 . 3 Si 02 with part of the oxygen replaced 
by F- and HO-groups. 

Vesuvianite is found among the ancient ejecta of Vesuvius, and in the dolomitic 
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blocks of Monte Somma. It occurs as a product of contact metamorphism in 
granular limestones, and it is then associated with pyroxene, scapolite, garnet, 
jpidote, diopside, and wojlastonitl. It is also found in serpentines, gneiss, chlorite 
schists, and related rocks. V. Goldschmidt considers that as a contact mineral it is 
formed by the associatifin of garnet, wollastonite, find water; CajAh^SiaOu+H^O 
-|-CaSi 03 = 2 Ca 2 AlSi 207 ( 0 H). B. Mitscherlich, and R. A. Prendel found crystals 
of what was considered to be vesuvianit^ in blast-furnace slags, but F. Fouqu 6 , 
and F. Fouque and A. Michel-Levy doubted the inference. A. Daubree reported 
the synthesis of a product like vesuvianite by the action of silicon tetrachloride 
on a mixture of alumina and lime. H. St. C. Dcvillc said that the product was 
probably something other than vesuvianite. F. Fouque and A. Michel-Levy, and 
C. Hiutze said that it is doubtful if vesuviante has been synthesized. M. K. Klap¬ 
roth obtained a crust of what he regarded as crystals of veluvianite by cooling the 
molten mineral. A. des Cloizeaux obtained crystals in an analogous manner, but 
F. Fouque and A. Michel-LiWy showed that they were a mixture of melanitc, 
anorthite, and ])yroxene. C. Doelter and E. Hussak also showed that the fusion 
of vesuvianite is attended by its deconii)osition, forming nieionite,melilite, anorlhi 1 (', 
and a ealcium-ehry.solite. Doelter also tried to obtain crystals by heating 
vesuvianite with calcium or ammonium fluoride, and by Inating inixliin^s of groa- 
sular and wollastonite with sodium or calcium fluoride, but obtained (jehlruiljrlnje 
Korper, not vesuvianite. 

Vesuviatiite occurs in etihedral crystabj iti irregtilar anhedral crystals; in 
aggregates of prisms; and in granular cryptocrystalline masses. The colour is 
brown to green, and sometimes 8 uli)hur-yellow or pale-blue. M. Weibull has com¬ 
piled a table showing the colours of crystals containing different jiroportions of 
ferrous and ferric oxides. He saitl that the yellow crystals have bttt little ferrous 
oxide, and up to about 3 per cetit. of ferric oxide ; the green crystals have up to 
about 1 per cent, of ferrous oxide, atid 4 per cent, of ferric oxide ; while the brown 
crystals have over 2 jicr eetit. of ferrous oxide and about tlu; satne quatitity of 
ferric oxide. The crystals W(‘re examined by J. B. L. Rome de Tlsh', R. J. Hatty, 
N. von Kokscharoff, A. Breithauiit, R. A, Prendel, P. (froth, L. Wiser, (!, Doelter, 
A. Cathreiti, W. .1. Lewis, M. Tarassotf, G, Striiver, F. Taninaii, etc. A. T. Kupffer 
gave for the a.xial ratio of the tetragonal crystals a : c—1 '.0 .b.'iflftr); and V. von 
Zepharovich, 1:0'537541. The cleavage parallel to (110) is not very distinct; 
and the cleavage parallel to (100) and (001) is still less so. There is sometimes a 
lamellar structure with a tendency to scale in thij layers. The corrosion figures 
were examined by F. Leydolt, and R. A. Prendel. Some crystals of vesuvianite 
are optically anomalous and exhibit biaxial phenomena; indeed, A. Brezina 
found crystals from Ala with an optic axial angle 2£=62° 25' lor red rays, 62“ 47' 
for yellow rays. The phenomenon was studi»d by A. Madelung, E. Mallard, 
A. von Lasauix, F. Klocke, and R, A. Prendtd. The crystals appear to be made up 
of segments with different optical properties, and oriented with respect to the out¬ 
ward form of the mineral as in the case of garnet, analcite, etc. The structure 
seems to_havo been produced by strains subsequent to crystallization. F. Klocke, 
found that compression changed biaxial into uniaxial crystals. A. des Cloizeaux 
observed no change in the optical behaviour by raising the temp, from Pi'-lCl". 
C. Doelter found that by heatjpg to redness the axial angle, if small, increased, and if 
large, decreased. R. A. Prendel found that near 300° biaxial wiluite became uniaxial. 

The sp. gr of vesuvianite ranges from 3'3.5-3'55. G. Magnus found the sp. gr. 
after fusion is reduced to 2 95; and ^ 5 . Vairentrapp, to 2'93. The hardness is 
6-7. A. Brun gave for the m.p. 800'’~l(XX)‘i; R. Cusack, ]024°-1025; and 
A. L. Fletcher, 1074°-1085‘’. As indicated above, the mineral decomposes when 
melted. R. A. Prendel found the coeff. of thermal expansion between 20° and 
120° to be 0'00095-0’001U parallel to the chief axis, and 0 00077-O OtXMH per¬ 
pendicular to the chief axis. Joly gave 0’19457-0 19529 for the sp. ht. E. Jan- 
nettaz found the square root of the ratio of the thermal conductivities perpendi- 
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oiilar and parallel to the chief axis to ho 0'95. R. A. Ptendel found the conductivity 
parallel to the chief axis is greater than perpendicular thereto. The indices of 
refraction are high. A. lea Cloizeaux gave e=Al'719-l'722, and a)=l‘718-l'720 
for yellow rays; H. Rosenbusch, £=1'7226, and a)=l’7235; C. Hlawatsch, 
ti=l'701-l-726, and 6)=l'70S-l-732; F. Zambonini, •€=l-7004-l-7216, and 
a)=l'7032-l’7324; and E. V. Shannon, a)=l’710, and£=l'698. The birefringence 
is weak. P. Zambonini gave (o—e=0'0018-0'0034; and C. Hlawatsch gave O'OOSOl 
for the R-ray; 0 00274 for the D-ray ;*0'00245 for the f'-ray; and 0’00187 for 
the 0-my. The optical character is usually negative, that of wiluite is positive. 
As indicated above, the colour, optical character, and refractive index may be 
variable in suecessivo concentric layers of the same crystal. The pleocliroism is 
not usually .strong. A. des Cloizeaux, and A. von Lasaulx reported that«is colour¬ 
less or yellowish, and m is reddish, yellowish, or greenish. E. Bertrand found a 
manganiferoua vesuvianite from Jakobsberg showed an orange and am(dhy8t-violet 
colour. A. Solmcke, and A. Engelhardt observed the fluorescence of vesuvianite. 
11, Beciiuerel studied the absorption spectrum. C. Doelter found vesuvianite to 
be more transparemt for X-rays than ealespar. (1. W. Hankel studied the pyro¬ 
electric properties, and B. Bavink, tlu! magnetic properties of vesuvianite. 

(J. A. Kenngott^' found the |io'wdered and moistened mineral reacts alkaline 
towards litmus. Hydrochloric acid has scarcely any elfect on the mineral, but 
after calcination, or better, after fusion, vesuvianite is attacked by the acid with 
the sejiaration of gelatinous silicic acid. E. C. Sullivan studied the basic exchange 
of vesuvianite in cupric sulphate soln. Vesuvianite under various natural coiidi- 
tioiis alters to clinochlore, mica, diopside, and garnet. These alterations have 
been investigated by J. R. Blum, B. .Icreuiejefl, 1’. Miklasehewsky, G. Silleni, 
(t. Tsoheniiak, and .T. Ijemberg. The last-named studied the action of soln. of 
magnesium siiljihute and chloride on vesuvianite at 13()“-180°. 

F. K. Wright found a mineral like gehlenite in the Velardena mining district, 
Mexico ; and W. T. Schaller considers that the analysis corresjionds with a mixture 
of what he called velardenite, 2 CaO.Al 2 O 3 .SiO 2 , with about 20 per cent, of aker- 
manite, 4 Mg 0 . 8 Ca(). 9 Si 02 . The composition of the assumed velardeiiite is that 
of calcium dialuminatometasilicate, SiOlAlOa.Oa.Oj.j, or, as W. T. Schaller writes 
it, ((taA 102 ,O) 3 Si.O,SiO.O.Si.(O. 0 aA 102 ) 3 . J. B. Ferguson and A. F. Biiddington 
apply the term f/elilenile to this compound. The compound was artificially prepared 
by Z. Weybiirg by fusing china clay with a small projiortion of calcium bromide, 
and washing out the matters soluble in water. The descriptions of the jiroperties 
of the mineral by F.'E. Wright, and of the artificial cry.stals by Z. Weyberg and 
G. A. Rankin and co-workers, are very much alike. 
Thuij, writing the properties of the mineral first, 
bot^ fiiriii.sh tetragonal crystals, the cleavage (001) 
is im])erfect and the prism cleavage is poor; the 
(001) cleavage is distinct. The sp. gr. is 3'039, and 
3'038; the hardness 5 and 6 ; the m,]). 1590°; 
the indices of refraction, a)=l'G 66 afld 1'667, and 
£=l' 6 (il and 1'658; while cu—£=0'0055 and0'(H)9. 

E. V. Shannon gave <o=l'657, and £-l'053. The 
refractivo index of the glass is 1'638. The optical 
character of both is negative. G. A. Rankin and 

F. E. Wright’|diagram, Fig. 158, shows the regions 
of stdbility of this compound. Its m.p. is 1590° + 2°. 
F. J.E. Wright added further that the colour of 
velardenite is dark grey or greyish-black owing to 
minute inclusions of magnetite, etc.; the colour is 

rarely amber-yellow. The fracture is irregular and uneven, conchoidal to splintery. 

The mineral is gelatinized by acids. 

J. B. Ferguson and A. F. Buddington obtained'the f.p. diagram. Fig. 178 for 
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binary mixtures of akermanite, 2 Ca 0 .Mg 0 . 2 Si 02 , ami gehlenite, 2 Ca 0 .Al 203 . 28 i 02 . 
There is a series of solid soln. with a minimum m.p. at 1388°, a little below the in.j'. 
of diopside, and corresponds wifli 71 per cent, of akermanite and 26 per cent, of 
2 CaO.Al 2 O 3 .SiO 2 . The^ found for the sp. gr., the sp. vol. of crystals and glass of 
the binary series, at 25*: • . * 
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This conforms with the isoniorphous chanicter of tlie systihii. The optical 
characters of tlie crystals for Nu-light are: 
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The references of I. S. R. I. Eques a Bonq^'i F. do St. Foml,»aml J. R. E. Ihmie 
(h‘ ITsle, to a zcolilhis cryslnUisatn.s ciibtcui> or zcohte cn cubes, jirobably apply to 
the zeolite called by IE d’Aiitic, and K..). Hauy,c/(«/m’iV, and by (E A.S. Hoflinann 
(1818), chabasite—from ;^aj3dcrto?, qui Msiijmit une ccrlaine esjnW dc fime. 


'I’lio corruptiiti form nchahimU vas used by (' A. S. H<ilTinHiiii (1812). and f/«i5onm bv 
1) li (J. Kai-ston. 0. S. Welt'S failed the mineral KuboiZ'itf’. Tbo acaduthU' or ocodm/tb' 
from Nova Hcotia—the Acatiia of the obi Fi'cncb—infiitionod by J. 1). Dana, T. TlioinBon, 
and K. JloiTmaim, is, according to tho analyses of A. A. llaycs and(\ F. Uuinrnolflberg, 
notlimg but. a red^lish cliabu/.ite 'riio haydcniiv of 1 *. Cleavelaiid- named after 
U H. lluyd' ii - found near Jones’ Tails, llaltimore, is, according to A. 1/^vy, H J. Hroobe, 
A. K. DelfShO, and J. 1). Dana, an altered cliabazito. T. 'I’amnau found twinned eiysials of 
a iinneral at J.eipa, Bohemia, and bo callctl it p/nrco/dc—from ^aK6i, a bi'an—-in Hllusjon 
to Its lenticular shape. A. liredbaupt, (i. Kose, and J. T. L llausniann sliowetl that 
phaeohte is only a variety of eliabazite. This mineral was studied by U. T. H. Smith and 
co-workei-s. A Li'-vy applied tlie term/jfrsr/n7df—afti'r J. T. W HerHcbel- to a rhombic 
mineral found in tlie lava at Aei t'astello, Sicily. It. w'as analyzed by A. JJamour, and 
\V. S. von^Valtel■sbauseIl. and bIiowii by A. Breitlmujit to be a variety of cliubazito. Accord¬ 
ing to VV'. HaiduiKcr, the mesobn of J. J. Berzelius was probably chabazite, although 
J. L). iJanu, C Doelter, and A. des Cloizeanx regarded it us lovyno A bilieeous bemebeliB* 
from Australia was named —afU'i-lv von Scenaeb—by ft*. Bauer; butC. b. Bam- 

melsborg, and < 1 vom Rath sliowed that it is an impure chabazite. T. ThoinBon’a doramU 
from Antrim \va.s shown by J. 1). Dana to be a variety of chabazite; A. des C‘loizw»ux 
regarded it as a variety of analeito. K. Uonovier found a mineral in cavities between the 
crystalsof ealesparof Molasse, l..au 8 aimc Ilecalle«ytaf/i/«ff-—fromadep#, fat. J. I). Dana 
regarded it as chabazite F. Gonnard found a zeolite in eavitioa in tho basalts 
near Montbrison, Loire, in hexagonal plates. He called it offretiU. V. Durrtield 
doscTibed a similar mineral from Raul’s Island Tbo analysis of ofiretite corresponded with 

{K,Ca) 2 AljSi, 40 ,e.l 7 HJ) ; and K. W. Clarke considei-s it to be compounded of potash*and 

lirne-clmbazites of the general formula' Ji 2 HAl 3 (Si 30 *) 3 . 8 H^(), and ('aHAl 3 (Si() 4 l 3 .HH 3 (>. 
The sp. 7?r. is 2-13. 


The first aiialysia of, chabazite was made by L. N. Vauquelin.'^^ Numerous 
analyses of chabazite have "since been reported. As in the case of other zeolites 
one species has been confused with others— e.<j. chahazites have been confused with 
gmelinite and levync—and, as just indicated, some impure or slightly altered 
chahazites have been given special riltmes. This subject has been discussed by 
J. Lemberg,A. Streng, G. vom Rath, G. Tammann, G. Rose, and F. Tamnau. 
C. F. Rammelsberg was not very successful in 1875 in generalizing the chemical 
analyses into a formula. The formula CaAl 2 Si 40 ) 2 . 6 H 20 is generally considered as 
representing the composition of the idealized mineral. This would make it 
hexahydrated calcium di a l u?nimnni tetrametasilicate. Structural formulae have 
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been propoaed by R, 6 »n 8 , F. Singer, C. Hersch, and P. W. Cbrke. The last-named 
gave 

* * 

Al^i 30 g-AI<®;'l* >Al-Si 04 sAl 

A. Streng arranged * the chabazites into three groups, R"Al 2 Si 30 io. 5 H 20 ; 
R"Al 2 Si 40 i 2 . 6 H 20 ; and R"Al 2 Si 50 i 4 ifH 20 . He regarded the chabazites as 
isomorphous mixtures of different silicates of the same type. C. F. Rammelsberg 
(1885 -96), W. F. Frcseniu.s, P. Groth, and J. Lemberg adopted similar hypotheses. 
G. Tschermak, and F. Doelter consider chabazite to be a compound of calcium 
aluminium silicate and silicic acid, and the former considers that the silicate 
H 4 CaAl 2 Si 20 io is the cl^abazite nucleus, Cz, and that the chabazites are formed by 
the association of this with four different silicic acids, making H 3 Si 40 i 2 .Cz. 2 A(j.; 
H 48 i 2 Og.Cz. 2 Aq.; H 48 i 204 ,(!z. 2 Aq.; and H 2 Si 2 O 3 .Cz. 2 Aq. E. Baschiori, and 
G. Tschermak believe that the silicic acid which is furnished by the decomposition 
of chabazite with dil. hydrochloric acid is of the Icucitic acid type, H 8 Si 40 j 2 . 

The analyst!B of the chabazites indicate the presence of l7'83-22’32 per cent, of 
water. Attempts have been made tj) find out the nature, of the water associated 
with chabazite.^7 ^ 8 . ,1. Thugutt found that there is from ()'41-1'21 per cent, 
more water in chabazite of grain-size up to 10 ^, than in chabazite of grain-size 
0'l-0'5 mm.-—indicating that the finer the grain, the more the contained water. 
Presumably the greater the surface-area of the fine-grained powder, the, greater the 
amount of absorbed water. 0. Friedel, indeed, inferred that at ordinary temp, 
the chabazites arc not in (squilibriiim with atm. moisture until they have absorbed 
5-7 per cent. more. (!. Hintze found that chabazite lost 2 mols. of water when kept 
over calcium chloride for a week ; and A. Damour, 7'2 per cent, of water after five 
months’ exposure to dry air. The lost water, and 0T5 per cent, more was regained 
on exposure for some months to ordinary air. Measurements of the loss of water 
at different temp, have been made by 0. F. Rammelsberg, A. Damour, C. Bodewig, 

A. 8 trong, A. Bygdcn, E. Manas.so, L. Polacani, F. W. Clarke and G. Steiger, 

etc. C. Hersch found : 

102° 125* 155° 105° 240° 255° 200° Red heat. 

Loss. . 6-77 «T)1 U-22 11-29 IS-.W 14 44 14 81 22 47 per cent. 


He obtained similar results with phacolitc. 0. Friedel found the percentage loss 
(~) or gain ( f) when chabazittv.is heated to 8 ° in a stream of air sat. with water 
at dg", to be : 


0 . 

12° 

66” 

112” 

148” 

263" 

410“ 

570" 

«, . . 

0-5° 

9-0“ 

7-5‘ 

6-5“ 

6-5“ 

6-5” 

6-0” 

Per cent. 

4-0-22 

-3-16 

-7-«0 

-11-41 

-17,33 

-19-16 

-19-42 


A correction is needed for the absorption of air, for chabazite can absorb up to 2-7 
per cent, of air. Thus, a specimen which lost 21-9 per cent, of water at 800° when 
cooled 15 mins, in dry air appeared to have lost 19-56 per cent. The difference 
represents the air absorbed in cooling. Hence, the determination of water as loss 
on ignition may be vitiated by the absorption of air. G. Stoklossa obtained breaks 
in the rehydration curve of (Jehydrated chabazite representing 10 hydrates. G. voni 
Rath, G. Tammann, and E. Lowenstein measured the vap. press, of the water of 
chabazite. The last-named found at 25°, over^sulphuric acid of different cone, and 
their corresponding different vap. prdlj^. of water in mm. of mercury: 

Vap. press. . . . 21-58 • 17-63 8-82 1 76 0 56 018 mm. 

Ijoas water . . 0’21 0*64 0*97 2*94 4’67 6‘90 per cent. 

A. Damour observed that the 19 per cent, loss which chabazite suffered at a 
red-heat was regained on exposure to a moist atm. lor 3 days ; but when calcined 
to dull redness, 21 per cent, was lost, and the mineral was no longer hygroscopic. 
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Similar resulta were obtained with phacolite. J. Lemberg found that artificial 
potaeh-chabazite which had lost 16-98 per cent, of water by gentle ignition, regained 
16-10 per cent, on exposure to nlbist air ; but after calcining to the sintering temp, 
only 3-84 per cent, was* regained after immersion in water for 2 months. Soda- 
chabazite similarly lost? 19-33 per cent, of water by^entle ignition, and regained «nly 
8-39 per cent, on exposure to moist air. The difierences, 0-88 per cent, in the case 
of potash-chabazite, and 10-94 per cent, in the case of soda-chabazite, were regarded 
as basic water. * 

G. Friedel’s views on the'nature of zeolitic water—wde zeolites—are supported 
by the fact that the water in the dehydrated chabazite can be replaced by many other 
substances. G. Friedcl showed that the water can be restored after dehydration, 
and F. Grandjean found that if the dehydrated mineral be placed in an atm. of 
dry ammonia, dry hydrogen sulphide, ethyl alcohol, and silicon tetrafluoride or 
tetrachloride, iodine, bromine, mercurous chloride, mercury, mercuric sulphide, 
and sulphur, these com))ounds are absorbed instead of water. He measured the 
optical properties of the products. F. Rinne found that carbon disuljdiide or 
dioxide, chloroform, benzene, aniline, and ether are absorbed; and 0. Weigel 
and E. Steinhoff, water, methyl and ethyl alcohols, ether, acetone, benzene, and 
formic acid. R. Seeliger and K. Lapkamp, and R. Nacken and W. Wolff studied 
the absorption of helium, neon, nitrogen, oxygen, methamv nitric oxide, carbon 
dioxide, ethane, hydrogen, and ammonia by 80 per cent, dehydrated oliabazite. 
The vol., V, of gas is a function of the prcita., p cm., so that n- ap", where a is a 
constant varying from 0-06-138-00, and is dependent on the nature of the gas; and 
n is a constant also dependent on the nature of the gas varying from 0 to 96, 
The action is cither a mechanical condensation of the gas or a mol, action. 
F. Rinne found that a partially <lehydrated crystal ]ilate of the mineral when 
jdaced in liquid carbon bisulphide exhibits a gradual change in extinction 
angles, and becomes more strongly birefringent ; on heating the plate, the 
carbon bisulphide is expelled with a return to the original optical characters. 
The absorption of carbon dioxide, alcohol, chloroform, benzene, or aniline is accom¬ 
panied by similar changes in the optical charaiders; R. Nacken and W. Wolif 
found that dehydrated chabazite absorbed 1-3 [ler cent, by weight of nitrogen; 
and that it absorbed air, carbon dioxide, and coal gas. 

The formation of chabazite as a Sekrelmixprodukt of archaic shales was discussed 
by F. Schalch,t»^. des t'loizeaux, and 0. Sisinonda. E. Baur noted the formation 
of chabazite by hydrothermal processes, and A. Uaubree. observed chabazite crystals 
were produced in cavities in the brick-masonry and about the thermal springs at 
I’lombihres, Luxeuil, Haute Saone; Bonrbonne-les-Bains, Haute Marne; and 
Oran, Algiers. J. R. Blum found chabazite crystals on pieces of lignite, wood, etc. 
in a mine at Maricnberg, Nassau. G. Taimiqp found crystals of chabazite lining 
fossil shells of the Venus islandica in a recent deposit of Husavic, Iceland. C. Doelter, 
K. Hofmann, C. R. van Hise, A. Himmclbaucr, and F. ('ornu observed the formation 
of chabazite from other silicates—anorthite, plagioclasc, trachyte, hauyne, etc. 
H, St. C. Deville obtained hexagonal plates of what he regarded as levync by 
heating a soln. of potassium and sodium aluminates in a scaleri glass tube. The 
product is now regarded as an alkali-chabazite. C. Doeltcr digested the powdered 
mineral in water sat. with carbon dio*de in a sealed tube for 9 days at 150°, 
and obtained minute rhomtic crystals. Similar results were obtained with liquid 
carbon dioxide in place of carbonated water. C. Doelter obtained a similar product 
by the prolonged digestion of a mixture of frplldy precipitated silicic acid, alununium 
hydroxide, calcium hydroxide, and carbonated water in a sealed tube at 200°. 
R. Gans made soda-chabazite by dissolving sdicic acid and aluminium hydroxide 
in soda-lye. C. Doeltcr obtained chabazite as a by-product in a number of reactions 
—«.g. by digesting okanite, ammonium chloride, sodium carbonate, and carbonated 
water in a sealed tube at 220°; the rbombohedral crystals of chabazite were decom¬ 
posed by analcite and apophyllitc. Chabazite was obtained by digesting a mixture 
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of powdered aiiorthite„freshIy precipitated silicic acid, and carbonated water for 
14 days at 200°. 

Chabazite occurs massive, as incrustations, aid! in crystals of a white or bricJc- 
red colour, M. Wcbsky found that when brown or oranjsh chabazite from Striegau 
is Aeated in a closed tube, it is Wackened, and some tarry ifiatters are distilled off; 
on cooling, the colour becomes bluish-grey. The crystals belong to the scalenohedral 
section of the trigonal system, and, according to W. Phillips, they have the axial 
ratio a:c^l: I'0860. G. Tschermak regarded the crystals as monoclinic with 
a; i; c.- 0'4630:1 ;0'3106, and ^—83° 31', and aS forming a family group with 
ginelinit<^ and Icvyne, G. F. H. Smith and co-workers also studied this family 
group. Euhedral crystals generally appear as simple rhombohedrons resembling 
a cube, with angles varying so little from 90° that the crystals have been mistaken 
for cubits. The crystala have been discussed by A, des Cloizeaux, W. H. Miller, 
A. Strong, A. Schrauf, G. vom Rath, F. Tamnaii, etc. G. Tschermak 
said that chabazite crystals mimic monoclinic crystals of axial ratios a:b:c 
•=0'4l).30: I .'O'dlOB, and 83° ,34'. 'I'lie cleavage parallel to (1011) is rather 
di.stinet. 'Twinning by penetration is common; while contact twins about the 
composition plane (Kill) are rare. D. Briiwster found that the ery.stals are optically 
anomalous because sometimes they ajipear distinctly biaxial. F. Beckc assumed that 
the rhombohedral Crystals are ])rodue(d by the twinning of six or more triclinic 
individuals. (1, Klein showed tiiat different crystals or dilTerent parts of the same 
crystal exhibit wide variations in tlit^ double refraction, and inferred that these 
differences are comiected with a loss in the zeolitic water, for as E. Mallard showed, 
heating increasi's the double refraction, and brings out areas which did not exist 
before, or develojis the existing areas in e.xtent and distinctness. When th(! crystals 
cool, tln^ original conditions are not restored. F, Rinno conclnded that by heat 
and oonsenuent Io.hs of water the chabazites gain the o|)tical characters of the 
negative varieties; but they are changed into those with a strong positive donble 
refraction. 'The distinction between ojitically positive and negative crystals is 
considered to be connected with the |>roportion of water present. R. Brauns, and 
G. Tschermak attribute the o|>tieal anomalies to the isomorphons as.Hociation of 
different individuals. The optical anomalies of chabazite have been discussed by 
P. Groth, .1. F. W. .lohnston, A. des Cloizeaux, P. Groth and A. Arznini, A. Streng, 
A. von Lasaiilx, G. F. Rammelsberg, G. Tschermak, etc. L. Vegard and 
ll.Schjelderiip studied the X-radiogram of chabazite, A .Michel-Levy and A. Lacroix 
gave for the ojitic axinhingle 2 F,-,; t)’ 18°; P Groth and A. Arznini, 2F= 27‘’-40°; 
and F. Becke, 21', .:32'3'' for red light, and 2F-=31'6'’ for green light. The sp. gr. 
of chabazite range.s from 2'(),'i-'214 ; G. vom Rath found phacolite with a sp. gr. 
2'13.'); and J. E. llibsch and F. Se-maim gave 2 096 for a sani]ile of chabazite. 

A. Streng obtained evidence thatethe higher the ratio Si02;Al20;), the lower 
the sp. gr.--thus, for tho ratio SiO.,: Al 203 --: 3 - 8 ,'): 1, the sp. gr. was 2'133; 
412 :1, 211.'); 4 3:1, 2'112; 4 9 :1,"2 093; and 4'93:1, 2 093. The hardness 
is from 4‘0-O'O. The action of heat on the contained water, and the, vap. press, 
have been previously indicated; A. Damour said all the water is lost at a bright red 
heat, and the residue fuses with intumescence to form a blebby mass. A, Kenn- 
gott, and V. Goldschmidt made some observations on this subject. C. Doelter 
found that by slowly cooling melted chabazite, crystakof anorthitc embedded in a 
glassy matrix were obtained. E. Jannetaz found the ratio of sq. roots of the 
thermal conductivities in a direction parallel and vertical to the, principal axis is 
0'96. P. E. W. Oeberg found the sp. ht. ot colourless crystals of chabazite to be 
0'3799. 0. Mulert found the rate o' dissolution of chabazite in mixed hydrofluoric 
and hydrochloric acids is so slow, that it was not possible to measure the heat of 
soln. A. Michcl-Ldvy and A. Lacroix found for the index of refraction of chabazite 
1'60, and for herschclite, 1'46. A. Lacroix gave to—€=0 0020-0 0028. Tho bire¬ 
fringence was feeble and generally negative, but as A. des Cloizeaux showed, it is 
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sometimes positive. As indicated above, F. Rinnc found that the double refraction 
assumes a negative value on heating; and in all cases when still more strongly 
heated, the double refraction of ^chabazite becomes strongly positive. 0. Weigel 
investigated the electricaj conductivity of chabazite. ' 

G. A. Kenngott *1 foijnd that powdered and moistened chabazite reacts alkalin(^to 
litmus; the calcined mineral exhibits a feebler reaction. F.’Cornu, and F. W. Clai ke 
made similar observations. G. Steiger found that after standing in contact with 
water at 21° for a month, the water had dissolved a little soda. C. Doelter found 
the solubility to be greater in.carbonated water; and the mineral also dissolves 
in liquid carbon dioxide. He also observed that some bme and silica arc removed 
by a soln. of sodium carbonate. The action of soln. of sodium carbonate was also 
investigated by J. Lemberg, and S. J. Thugutt. ,1. T. Way, and H. Eichhorn 
showed that when chabazite is treated with a .soln. of sodium chloride, calcium is 
displaced, and a sodium-chalxmte is formed ; J. Lemberg obtained the same com¬ 
pound by the action of sodium chloride soln. on potassium-ehabazite, as well as on 
ordinary chabazite. J. Lemberg obtained sodium-clmbazite by the action of a 
soln. of sodium silicate on albite, If. C. McNeil fused chabazite with sodium 
chloride, and obtained what was regarded as a substitution product, saliitm- 
cMorochabazile, wliich F. W. Clarke considers to be a mixturi^ bNa^iAlafSiaOsl^Cl 
faNajAljfSiU^l.jCl. .1. Lemberg, and S. .1. Thugutt obtained pvluKsium- 
clialMztle by digesting (diabazite with a soln. of jiota.ssiuhi chloride at KX)". 
E. Lowen.stem found that the vap. press, varied eontinu(jn.sly as the water was 
removed. J. Lend)erg obtained a product like potassium-ehabazite by the action 
of a soln. of potassium carbonate on natrolite, spodumene, audesine, labradorite, 
jadeite, or analcite. 11. Eichhorn, and .1. Lemberg prepared amrmtinuin-rhnhnzilc 
by the prolonged action of a hot soln. of ammonium chloride on chabazite. K. (Jana, 
and I. Zoeh also made the ammonium derivative in a similar manner ; and (1. Steiger, 
liy the action of ammonium chloride on chabazite in a sealed tube at 3,'ll)" for 
5-0 hrs. 1. Zoeh treated chabazite with a soln. of cupric chloride, and obtained 
evidence that there is an e.xchange of a small proportion of the base, forndng ropper- 
chnlmzili'. G. Steiger heated chabazite with silver nitrate for 24 lira, at 
2.5()'’’ 2'.H)', and obtained a silvcr-inlrato-clitilmzilc, which F. W. Clarke formulated 
.■L\g: 3 AL(Si.,Oj). 2 NI);| |-Ag;,AL(SiO.,). 2 N();j. J. Lemberg jirepared hariani-chalmitf 
by the action of a sola, of barium iddoride on chabazite for 5 months; and 
by digesting potassium-chaliazite with a soln. of barium chloride, he obtained a 
b<irimn-chlorochal/tizik; l!a 3 Al 4 (Si 3 Ug) 4 CL ( Ba 3 Al 4 (Si 04 ) 4 Cl 2 . If barium-chaba- 
zite be treated with a soln. of calcium chloriib!, calcium-chabazite is formed. 
J. Lemberg obtained Huujne.mm-chabazitc by the, action of a soln. of magnesium 
sulphate on chabazite in a sealed tube at 180° for 12 bra. By the action of thallium 
nitrate on chabazite in a sealed tube at 2.50°’ 290°, G. Steiger obtained IhaUnim- 
nilrato-chabazile, which F. W. Clarke formulated JFrijAl.jfSiijOsloN0;, (-Tl 3 Al 3 (Si() 4 )j,. 
S. .1. Thugutt found that seebachite is not coloured by a soln. of methylene blue. 
G. Friedel found that natural or slightly dehydrated chabazite can absorb colour¬ 
ing matters from soln.; it also absorbs potassium permanganate, which is rajiidly 
decomposed, staining the mineral yellow. ,1. Lemberg found that chabazite is 
staineii red or orange by treatment with silver nitrate and |)ota8siuin chromate. 
Chabazite is rapidly decomposed by acids with the separation of gelatinous silica 
which G. T.scherm8k considered to be analogous with leucitic acid, H4Si20a. 
V. Goldschmidt, B. Lowenstcin, and F. Cornu studied the action of hydrochloric 
acid on chabazite. The transformation of cljgbazite into natrolite, etc., has been 
discussed by J. Roth, A. Streng, G. Suckow, d. R, Blum, J. D. IJana, T, Grandjean, 
R. Brauns, C. G. C. Bischof, C. R. van Rise, etc.* 

B. Artini *2 found fibrous radiated groups of crystals of a mineral in druses of the 
pegmatite at Baveno, Italy, which he called baveniU.. The analysis corresponds with 
Ca 3 Al..Si() 04 s.H< 20 . F. W. Clarke says that it is possibly a metasilicate, mom- 
hydrated calcium dialuminiutfi hexametasilicale, CasAlafSiOjlj.H^O. The white 
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prismatic crj^tals are pseudorbombic; really monoclmic with axial ratios a:b:c 
=M751; 1; 0 7845, arid ^=89° 17' 19". The ap. gr. is 2'72, the hardness 5J; 
the optic axial angle, 2N=7b° 31'; and the mean index of refraction, j3=l'5M. 
£. S. Larsen gave a=l'578; ^=1'579, and y=r452. 

Weyberg*3.reported thc^ formation of crystals of complex barium and 
strontium aluminosilicales, RO : AI 2 O 3 : Si 02 = 4 : 4 : 7. if these substances are 
chemical individuals they may represent tetrabarium octoaluminyllieptametasili- 


I : 

Ba< *> 810 , 0 Ba 

■ . : I 

B»<"'^ SsiO, , ! 

'\Si 03 -Al -0 

cate, and teirastrontium octoaluminylhepfametasilicate. These substances are 
obtained by the prolonged fusion of mixtures of china clay with barium or strontium 
chloride. The crystals are hexagonal and liemimorpliic, and are optically uniaxial 
and negative like nephelite.' 

In 1807, L. N. Vauquelin w analyzed flesh-red crystals of a mineral he found 
at Montecohio Maggiore, and called samlite du Vicentin —from trap/tds, flesh—^the 
mineral was labelled hydrolUe in E. de Dree’s collection—in allusion to the contained 
water. H. J. Brooke and D. Brewster called a specimen from Vesuvius gmelinite 
after C. 0. (iinelin. 11. J. Haiiy regarded sarcolite as analcite ; and A. Breit- 
hau|>t identified it with melilite. F. de Fonscica considered sarcolite to be a distinct 
species of zeolite. F. W. Clarke gave a constitutional formula for this variety of 
ehabazite, and C. F. Uatumelsborg called it natron-cimhazile. A. Strong, F. Tamnau, 
J. F. L. Hausmann, and I’, (irotli favoured th(^ view that ehabazite, Icvync, and 
gmelinite are varieties of one mineral s[)ecics ; while A. des (loizeaux, and C. Doelter, 
and J. D. Dana supposed them to be different. 


C. T. Jackson applied the term Wermie--after U. Lederer—to a variety which A. des 
Cloizeaiix, and 0. C. Marsh showed was probably gmelinite. A. Arzmni applied the term 
yroiifccitiie—after M. von (Jroddock—to a zeolite from Andreasberg, Harz. The rhom- 
bohedral orj’stals have a hardness 3 4. The mineral closely resembles gmelinite in form and 
composition, but with magnesium and ferrous iron as impurities. G. Tschermak called 
it impure gmelinite. 

The mineral was analyzed .by L. N. Vauquelin,*^ A. Connell, C. F. Ram- 
melsberg, A. A. Hayes, A. Arzruni, W. T. H. Howe, A. Damour, F. L. Walker, 
L. V. Pirsson, 0. C. Marsh, and D. Tschermak. C. F. Rammelsborg assumed 
that the composition of gmelinite is like that of ehabazite, but with calcium 
largely replaced by sodium, hence he wrote (Na 2 ,Ca)Al 28 i 40 i 2 . 6 H 20 , or simply 
Na 2 Ai 2 Si 40 t 2 . 6 H 20 , that is, hexahydiated sodium dialaminium tetrametasilioate. 
F. W. Dlarke gave a constitutional formula for gmelinite like that of ehabazite, but 
with Na 2 in place of Ca. G. Tschermak gave Na 2 Al 2 Si 60 i 4 . 6 H 20 ; but later 
suggested that it is a mixture of three aluminosilicates. L. V. Pirsson, and P. Groth 
regarded it as a mixture of two such silicates. G. F. H. Smith and co-workers 
regarded ehabazite, gmelinite, levyne, and phacolite as belonging to the same 
family. 

The crystals of gmelinite may be colourless or white and tinged green, yellow, 
or red. The crystals belong to the trigonal system, and, according to L. V. Pirsson 
they have the axial ratio a: c=l: 0 7345. Kuhedral crystals appear hexagonal and 
are produced by a combination of tbs hexagonal prism with plus and minus thombo- 
hedrons. G. Tschermak regarded the crystals as monoclincic with a; 6 : c 
=0'4571:1:0’3386, and j3=82° 23'. There are complex twinned forms as in the 
case of ehabazite. The crystals have been studied by H. J. Brooke, D. Brewster,, 
W. H. Miller, G. vom Rath, N. von Kokscharoff, F. Hessenburg, C. F. Rammelsberg, 
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E. Artini, A. des Cloizeaux, G. Rose, H. Gutbe, R. P. Greg and W. G. Lettsom, ete. 
The cleavage parallel to (lOib) is fair; and that parallel to (0001) is sometimes 
distinct; L. V. Pirsson noted feebly optical anomalies; and F. Grandjean the optical 
axial angle 2F=0°^0°., The sp. gr. ranges from 20-2'2. A. Breithaupt gave 
2-083 ; H. J. Brooke, 2 05 ; 'G. B. Negri, 2 04 ; T. L. Walker, 2135 ; and A. Fys- 
mann, 2’08. The hardness is 4-5. G. Tammann mcasiAcd the vap. press, by 
finding the partial press, p mm. of the water vap. in equilibrium with crystals 
originally containing 21'51 per cent, of water, but for equilibrium lost the following 
percentage amounts of water: , 

p ■ ■ lfi-72 12-48 9-11 6-05 2 93 1-23 0-39 0 11 nun. 

Loss 0-05 0-18 0-42 O'T.'i 1-40 2 48 3-81 4'68pereent. 

The appearance of the crystals was not changed by the loss of water. L. V. Pirsson 
gave for the indices of refraction <o—l-4fi46-l-4770, and < -l'4637 1'4674 for 
Na-light; and G. B. Negri obtained a)=l-48031, and «-"l-47852. L. V. Pirsson 
gave m-«:=0 0033 for the birefringenee ; G. B. Negri, 0-(X)l8 ; and F. Grandjean, 
0 002. A. des Cloizeaux found that the optical character of crystals from some 
localities is negative, and from other localities positive. F. Grandjean found that 
the crystals of a negative character become positive when dehydrated. 

Gmelinite is decomjiosed by acids with the sejiaration of silicic acid. F. Grand¬ 
jean found that like chabazite (q-v.), dehydrated gmelinite absorbh a relatively largo 
proportion of the vap. of iodine, bromimi, mercury, calomel, cinnabar, and sfiljjhur ; 
and that the product is pleochroic. J. Lemberg found that the exchange of bases 
which occurs when gmelinite is digested with aq. soln. of potassium chloride or 
carbonate furnished what he called polassium-qmelimte. If this product be treated 
with a soln. of sodium chloride, .lodium-gmelinite. is formed. If digested with 
a 10 per cent. soln. of sodium carbonate for 24 hrs. at 2(X)°, anahdte is formt'd ; 
and if with a soln. of potas.siiim carbonate, leiieite is produced. I. Zoeli made 
observations on this subject, 

U. Brewster applied the term levyne to a mineral collected by H. Ileuland. 
There has been some diseuasion as to whether gmelinite and levyne are distinct 
species or whether they are varieties of chabazite- vide supra, gmelinite. There, is 
also a (piestion whether the mesolin of J. J. Berzelius, here regarded as a variety 
of gmelinit(!, would be better classed as a variety of levyne. Analyses were reported 
by A. Damour, J. J. Berzelius, A. Connell, W. F Hillebrand and W. C. (hoss, 
and G. A. Kenngptt. C. F. Rammelsberg inferred from the analyses that the 
ratios RO : Al^O, : SiO.,,: 11.^0 arc 1; 1: 3 2-3 8 : J-f): 5-0. J. D. Dana gave the 
forimda CaAl2Si;)0|(,.5H20, making the compound pentahydrated calcium 
dialuminium orthotrisilicate. F. W. Clarke gave for the constitution 
Ca3Al()(Si04)5(Si308)2.15H20. According to G. Tschermak, the constitution is 
best explained by assuming that it is formed by Jhe isomorj)hou8 association of two 
silicates. G. F, H. Smith and co-workers grouped this mineral with the chabazite 
family. For the synthesis of levyne, vide, chabazite. 

The crystals may be. colourless or white, tinged grey, green, red, or yellow. 
According to W. Haidinger, the trigonal crystals of levyne have the axial ratio 
a : c=l :'0-8357. G. Tschermak represents the crystals as monoclinic with the 
axial ratios a:h: c=0-4704 :1; 03433, and /S==84’ 54'. Twinning is common as 
in the case of chabazite. Ttie cleavage ((7221) is indistinct. F. Grandjean gave 
for the optic axial angle 2F=0°-3(P. The sp. gr. is 2 09-2-16 ; and the hardness 
4-4^. A. Damour found the crystalsjose 4 ])er cent, of water in dry air, and regain 
it all in ordinary air. When heated, the jpss o4 water begins at about 70°; and 12-13 
per cent, is lost at 225°; the partially dchydjated crystals remain hygroscopic 
provided the temp, of dehydration does not exceed 3W°. The loss of water is 
complete at a white heat, when the mineral furnishes a white blebby enamel, 
A. Lacroix gave 1-50 for the index of refraction; and for the birefringence, 
CO— e=0-002; and F. Grandjean gave 0-0075. E. 8. Larsen gave co=l-496, and 
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€=1'491. The optical character is negative, and F. Grandjean found that after 
heating to 400“ and coeling, the optical character is positive. He also found that 
the dehydrated mineral behaves like chabazite towards the vap. of iodine, bromine, 
mercuiy, calomel, cinnabar, or sulphur. Levyne^is decomposed by acids with the 
semration of gelatinous silicic acid. ' ' 

y. C. lYernekinck noted *that some crjstals associated with barytiferous 
harmotome at AnnerOd and Schiffenberge, Giessen, were different chemically and 
crystallographically. J. F. C. Hessel aijd L. Gmelin also showed the same thing 
with respect to the assumed harmotome from Marburg; which they called calemn- 
Imrnmtnm. A. Levy proposed the name phillipsite -after W. Phillips. A. Breit- 
haupt called the mineral mrnmline; and A. des (doizeaiix, christianite —after 
Christian, King of Denmark. 

A zeolite from tho lava of Capo cli hove, Rotoe, was imperfectly described by Man- 
tovuni, and named simujik —after N. Spang. J. D. Dana considers it to bo a variety of 
pKillipsite. K. Zambonini found some bluisb crystals from the lava at Casal lirunori, 
Romo, and ho called tho mineral pHeudnphillipHik. 0. Tsebermak considers it to be a variety 
of gismondite; K. Zambonini, an intermediate form between gismondite and phillipsite 
proi»r. J. Schill found fibrous concretions of a zeolite near Saabach, Kaiserstubl, which 
ho culled smhachik. According to A. Knop, it is phillipsite, 


Analyses were made by P. C. Wernekinck, L, Gmelin, and many others.®® 
There is a wide variation in the relative proporlions of lime, soda, and iiotash. 
C. P. Raramelsberg®' first assumed phillipsite to be, eom|ioiinded of two silieate.s; 
and later he symbolized it RAl 2 .Si,, 0 |.^. lIl 20 , or tetrahydrated calcium dialuminium 
tetrametasilicate. W. Prescniii.s propo.sed a A/i«7i«r«/s/ir/po//»'.ve in which the 
mineral was supposed to be produced by tlie association of two silicates in various 
proportions. 0. P’. Rammelsberg did not favour W. Fresenius' hypothesis, but Ik* 
assumed the e.xistence of two selhidndkieii Verhindiiiifieii, with two '/jwischenstiijui. 
In harmony with W. l'ri‘senius’ by])nthesis, K. Zambonini noted that the polash 
increased and tho lime decreased as the silica increased. P. Grotb emiiloyed two 
formula!. G. Tschermak assumed that the phillipsites are solid .soln. of five dilleri'iit 
silicates. With hypotheses of this character it should be po8.sible to formulate the 
eom)ioaition represented by any coneeivable sel of analyses. He cites in favour of 
the mi.xture-bypotheses that when treated with dil. acid, phillipsite usually furnishes 
pulverulent silicic acid ; ])hilli|isite from Aci Castello, gelatinous silicic acid ; 
and ]ibilli|i8itc from Hulenberg gives both forms. He represents these two 
silicic acids by the formula' HiSi^Oo and H.^Si.^Of,. ,1. 11. Pratt and 

H. W. f'oote represented phillipsite by the formula RAl2Si.jOi2.1jH2G; 
C. Hintze, (('a,Kj)Al2Si60i4..')HoO ; and F. W. Clarki': 


He added: 


Xa 

AlsSi,0,-AK’l„*>Al-Si30,=AI f8H.p 


All pliillipaiWs appear to be mixture.s of ortliosilicate.s and Irisilicalcs, with the ratio 
Si,0|: 8iO| ranging between 3 : 1 and I : 3. Such a range and even a greater one is 
only to la) expecterl when we remember that many zeohtes am derivatives of ])lagioclase 
fehispars. The zoohtee vary aa the feldspars vary between end products, which may or 
may not bo definitely known. Stilhite, for instance, repro.senfM a hydrated calcium albite 
or trisilicic anorthite, which m the anhydrous condition is yet to be discovereil. 

F. Zambonini®- showed that in all probability uo part of the 14'30-18'8G per 
cent, of water reported in the analyses is constitutional water; rather is it usually 
regarded as absorbed or zeolitic w^ter. A. Damour showed that the crystals lose 
8 per cent, on exposure to dry air for a month, and regain it all in ordinary air in 
24 hrs. When exposed for an hour at 50“, the mineral loses 12'3 per cent., and 
recovers nearly all when exposed to ordinary air for 24 hrs., but it thereby becomes 
opaque and pulverulent; at 150°, 16 per cent, of water is lost, and only 0 8 per cent. 
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' recovered after exposure to ordinary air for 4 days; and i^t 250°, the loss is 18'5 
per cenj, and about half of this can be recovered by exposure to ordinary air. 
F. 2jambonini found that phillipsite which had been heated to 250° soon recovered 
the lost water on exposure toiuioist air; but if hcate<l to 275°, the recovery was very 
slow. W. Fresenius found phillipsitc becomes pujverulcnj, and opaque at 15®°; 
the amount of contained water gradually decreases as the teiyp. rises, and increases 
as it falls, so that a definite proportion is retained by the mineral at a definite temp. 
With a gram of phillipsite from Aci CasU41o, for example, the percentage amount 
of contained water at different‘temp, was; 

20” W” lUO” 150* 200” Dark roilmwi 

C'ontaiiifKl water . 0'2183 0 2044 0 17:18 0 1104 0-0045 0 0005 

with pseudophillipsitc, the percentage loss was : 

S4” 70” "oo” 120” 120 ” 109” 238” lleil licat 

Loss . 1-37 2 07 3 03 0 00 0-28 12'77 14-71 20 48 per cent. 

There i.s a break in this curve at about 159°, and a break with pliillijisite at 129". 
The meaning of the break is not clear because all the water ajipears to be zeolilic. 
I’hillipsite, ill a stream of humid air, shows: 

110" 170” 210" 200" 270” 320” 300" 

Loss . 2‘UO 8'95 10*90 12*40 13*45 14*00* 15*00 por cent. 

« 

Phillipsite is found in ba.salts, and various lavas. Minute crystalline aggregates 
and irregular crystalline groups were found in the deep-sea dredgings of the Clialli tiger 
from the bottom of the central Pacific Ocean, south of the Hawaiian Islands. They 
are believed to have been formed at the bottom of the ocean by the decompositions 
of the augitie, lavas of those islands. This subject has been discussed by J. Murray,*’* 
J. Murray and C. V. Leo, and A. Renard. A. Daubree reported small transparent 
crystals of recent formation in the masonry of the thermal baths at Plombicres ; 
Bourbonne-b's-Bains ; l,uxeuil, Haute Saone; and Oran, Algiers. H. St. 0. Deville 
obtained a kind of potash-phillipsite by heating )jotas.sium aliiminatc, and silii-ati’, 
silica, and water in a sealed glass tube at 2(X)“. A little lime was derived from the 
glass. 

The crystals of phillipsitc are either isolated, or they occur in tufts or spherules 
with a radiating structure. The colour is white, may be with a reddish tinge. 
P. Oroth*’ showed that the crystals belong to the inonoclinic system, and A. Strong 
gavcforthea.xialtatiosa:5:c^O-70949: 1 :1 2583,and^--55°37'; 0. Tschermak 
gave 0 5148 :1 :0 3547, and j3 -=90°. The subjeeff was inve tigaled by F. Kohler, 
P. Trippke, C. Stadtlander, W. Fresenius, and (4. (lesaro. The crystals appear as 
penetration twins often simulating rhombic and tetragonal forms. The twins are 
sometimes simple and cruciform about a twinning plane ((X)l). L. Langemann 
assumed that the individuals which form the confplex twins of phillipsite are triclinic. 
F. Rinne found that heating did not change the character, and the twinning structure 
is retained, but the axial plane approaches ((K)l) by some 10°, and the double 
refraction becomes weaker. The faces (010) are sometimes finely striated. The 
•cleavage parallel to (001) and to (010) is rather distinct. The optic axial angle 
is large,; A. des (Toizeaux gave 8J' for the red ray, and 84“ 514' for tlic 

yellow ray. The angle is variable since fijr the red ray 2//a ranged from 69" 55'- 
84° 8J': 2Ho from 98° 13'-129° 1.5'; and 2F^^ 65° 2r'-81°. The sp. gr. ranges 
from 2'15-2-20; and the hardness is just over 4. The action of heat has been 
previously discussed. A. des Cloizeaux foundsthe index of refraction )3= 1 -48^ 1 -57. 
The birefnngence is low; A. Michel-Lety anB A. Lacroix gave y—a=^0 003. The 
optical character is positive. J. Konigsbergef and W. J. Miiller made observa¬ 
tions on this subject. J. Lemberg studied the action of a soln. of potassium or 
sodium chloride or carbonate on phillipsite, and observed an interchange of bases. 
J. Roth, and C. R. van Hise discussed the transformatiou which phillipsitc under¬ 
goes in nature—formation of^lbite, anorthite, and leucite. V. Goldschmidt said 
VOL. VI. 3 b 
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dij. hydrochloric acid does not decompose the mineral; but with more cone, acid, 
flocculent and gelatinous silicic acid separates —vide supra. 

J. H. Pratt and H. W. Foote “5 found crystals of a zeolite in the corundum 
mine of Buck Creek, North Carolina. They named the mineral wellsite— after 
H.*L. Wells. The composition corresponds with RAL^8ijOjo.3H20, where R 
■ represents Ba: Ca: E 2 =l: 2; 3. It may therefore be regarded as trihydrated 
calcium dialuminium orthotrisilicate, with some calcium replaced by potassium 
and barium. F. W. Clarke represents it by the formula; 

SiO 

Al=Si04-AlC!”‘>Al-Sj,08sAI+6Hj0 


The mineral is closely related to the phillipsite family, forming the isomorphous 
series: 


Wellsite . 
I’hillipsite 
Hannotonm 
Mtilbito . 


HAl,8i,0,o.3H.,0 

KAl,Si,0„.4H,0 

KAl,Si,(),(.5H,0 

HAl.Si 40 „.()Hj 0 


s: ji:o 

0-7l>8 :1;1'2450 
0-70!)5 ; 1; l-25«;i 
0-7032 : 1; 1-2310 
0-7623; 1: 1-1940 


$ 

53- 27' 
55- 37' 
55° 10' 
55° 60' 


G. Tscliermak had*doubts whctlier this is a distinct mineral species. Tlie mono¬ 
clinic etystals have the axial ratios a:b: c=-0-768:1; 1'245 and ^=58° 27'. The 
small isolated (irystals are invisible penetration twins closely resembling harmotomo 
and stilbite. The crystals are colourless and transparent to white, and possess no 
cleavage. The optic axial angle is large, 2A'=120°-130''. E. S. Larsen found 
2A'—60°, and 2F=39°; the index of refraction a=l'-198 and yi--l-5()3, with the 
birefringence y—a—0-005. The optical character is negative. The sp. gr. is 
2-278 -2-366 ; and the hardness 4-lJ. About one-third of tlie water is expelled 
betw(;cn 100° and 200°; another third between 200° and 300°; and the remainder 
on ignition. Wtdlsite with 13-31 per cent, of water lost, at different temp.: 

100" 1Z5" 175" 200" 200° -205° llcj heat 

Lobs . 0 J'U3 1'48 0'92 2 45 124 4i)0 per cent. 


After being heated to 265'^ nearly all the. water is regained by exjHiHiire to moist 
air. The birefringence is low ; and the optical character negative. The mineral 
is decomposed by hot hydrochloric acid with the separation o{ silicic acid in a 
granular form. A. Fersmaun found a similar-zeolite i\car tSimferepol. 

It, J. Ilaiiy**® mentioned a zhlithe effloiescenfe which he callcil laumontite - 
after Gillot do Ijaiimont, who found the mineral in the load-mines of Ihiclgoct, 
Brittany, hi 1785. C. von Leoi^hard used a similar term; hut A. G. Werner 
corrupted it to loinonite. It was ai^alyzed by II. A. von Vogel in 1810. 

The zitlUhe rouge d'Aedelfors of R. J. Haiiy; the anh/orsilts of r, (1. Uetzius—lo/t 
wollftHtonite; the meal zeolite of W. Misingor; tlio red zeolite of ; ami a wlnte 

zeolite from I'eldun, oro considered by N. J. Jlerlin, and A. Kwort to be impure laumontites. 
A zeolite at Sohonuiitz, Hungary, waa rallod Iconharditc'-alter C. C. von Leonhard—by 
J. K. main, and a few occurrences have been reported elsewhere. Similar zoohtes have* 
l)oen analyzoil by tJ. O. Harnes, O. Lewinstein, A. Sinita, J. Lemberg, E. Forsmaim, and 
G. Tscdiermok. The mineral is very like laumonite in rompoaition, and also funiiabcs 
monoclinic crystals. The 3p, gr. is 2*25, and hardness 3~3J. K Surgiinoff distin- 
guialuHi thit'e minerals belonging to one family—laumontite, CajAGSi^Oji.BHjO j 
oieo&harditey (Ca,Kj,Naj)^A!4Si,0j4.7H|0, and ^leonhardHe) CajAl 4 Si 404 4.7Hj0. 
/Sdeonhardito was also described by A. Dwojtschenko; and a- and )3-l^nhanhte by 
A. A. Twaltschrelidze. V. Savi, and L. Pilla described flesh-red monoclinic cryatals of a 
IBOoUte which were foimd at Monte di Caporciano, and which R. Savi called caporcianite; 
its sp. gr. was 2 470, and hardness 21. 0. Menegliini said it resembled heulandite; 
J. J. Berzelius, and J. F. L. Hauamann, analcite; A. Breithaupt, crystalline chabaaite ; 
J. 1). Dana, desmin; and E. F. Glocker, mesotype. It was an^yxed by T. Anderson, 
and E. Beclii, Acooiding to G. A. Eonngott, A. d’Achiardi, and 0. F. Rammclsbe^, 
oaiKiroianito is like lauinontite in composition and properties. A mine at Monte Catini 
funiishod G. Moneghini with a zeolite which was called sehneideriic —after the director of 
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tho mine. The mineral Bp|)ears to have been formed by the alteration of serpentine by 
magnesian waters, and it is considered to be a variety of laumontite. H. Traube reporte<l 
masses of radiating fibres of a wliite or pale yellow zeolite found on the idiillipsite crystals 
at I>aubaii, Silesia, and he called the^iineral laubonite. Its composition corresponds with 
hexahydrated dtealcium (Halurdnium paiiamiiaailicate, Ca,Al,(Si(),),.6H,0; that is, 
C'a=(SiO,L=Al —SiO,—Al = (SiOj),=Ca + eH,0, the^sp, gr. is 2’23, and its liardiyss 
4i-5. A. E. Keramann called a variety from Autipoft having 2'8 |)cr cent. V|0,, mnadio- 
laurtumtitf. • 

Analyses have been made by H. A. votT Vogel,C. G. Gmelin, P. A. Dufnbioy, 
I. Doineyko, A. Connell, L. von'Oaho and C. Deltfs, F. J. llalaguti and J. Duroelier, 
and many others. The formula of the idealized mineral, according to V. F. Ram- 
melaberg,"* is CaAl;;Si 40 i. 2 . 4 H. 20 . C. Hintze, and J. 1). Dana regarded two of 
the four mols of water as constitutional, and wrote li 4 (,VA 1 . 2 Si 40 j 2 . 2 H 20 ; 
and P. Groth wrote CajAl( 0 Il )2 [ 2 ( 81205 ) 2 . 211 . 20 . Tin generalized formula 
(,’a 412 ( 8103 ) 4.41120 makes laumontite tetrahydrated calcium , dialuminium 
tetrametasilicatc. F. W. Clarke gave: 

AI=,SijO,-AK®‘>AI-Si()4=Al+8H.,0 

The aKUimplion that t wo mols of water are ehemieally bound in the mol. (p based 
on the observation of F. J. Malaguti and J. Diirocher t hat when the crystals are kejit 
in vacuo for a month, they lose 2'26 per ernt. of water, and if kept over cone, 
sulphuric acid, 3'85 per cent. The crystals regain their lost water when exposed 
to moist air. These workers found that 317 per cent, of water is lost at l(X)", G iW 
per cent, at 200°, 7'28 per cent, at 300° ; and the whole 13 14 per cent, is lost at 
a red heat. G. Tammann, however, found that as with other zeolites, the vap. press, 
at dilferent temp, is a continuous function ; and that tho vap. press, curve exliibit.s 
no breaks. With atm. in which tho vap. press, of water was respectively 14’55 mm. 
and 011 min., the percentage losses were respectively 0'2.5 and 2 58 with laumontite 
originally containing 17'87 per cent, of water. Similar results were, obtained with 
leonhardite. ('. Doelter found that by slowly cooling molten laumontite he obtained 
a mixture of anorthite, a pyroxene, and a glassy matrix, (h Doelter, and G. Tscher- 
mak assumed that laumontite is really a mixture or solid soln. of anorthite and 
metasilicic acid : CaAl2Si20(,.28iO(OIl)2.2H2(). Later on, G. Tschermak obtained 
orthosilicic acid Uy treating laumontite with acids, and he represented it by tho 
formula with orthosilicic acid as a nucleus : (,'aAlfSi 203 . 2 H_ 8 i 04 . 

Laumontite occurs in cavities in jiorphyry, gneiss, and syenite rocks, in veins 
traversing clay slate with ealcite. It is a secondary mineral formed at a low temp. 
It has not been synthesized. It occurs in columnar or radiating musses, and crystals. 
The colour is white, may be tinged grey, yellow, 8 r red. The crystals were described 
by R. J. Haiiy,9® A. des Cloizeaux, F. Mohs, etc. According to W. Jl. Miller, the 
inonoclinic crystals have the axial ratios n: 5: c -11451; 1:0 .GyOG, and )3--(!8°4f)}'; 
while P. Groth gave 10818; 1 ; 0'5896, and )3.~99° 18'. The cleavage is coni- 
pli'te on-the ( 010 ) and ( 110 ) faces, and incomplete on the ( 100 ) and ( 201 ) faces. 
Twinning occurs on the composition plane (100). A. Michel-Levy and A. i,aeroix 
gave for the optic axial angle 2F-=30°; awl A. des Cloizeaux, 2E- 52° 24' for red 
light, and 56° 15' for blue liglft; while raising the tem)>. to 75° made no perceptible 
change in the optic axial angles. The sp. gr. ranges from 2'3-2'4 ; ami the hard¬ 
ness is in excess of 3. The action of neat on the water content has been previously 
discussed. As with other zeolites, whet! the Inineral is heated before the blowjiijie 
flame, it swells up and froths before settling dowli to a glassy enamel. For the vap. 
press, vide supra. As indicated above, laumontite decomposes when fused and 
cooled slowly. A. Michel-LGvy and A. Lacroix found the indices of refraction to 
be a=l'513, )3=1'524, and y=l'525 ; and the birefringence is weak, y- a--0’0l2. 
The optical character is negative. 
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G. A. Kcnngotti®® found that powdered and moistened laum'ontite gives an alkaline 
reaction with litmus; b’ut F. W. Clarke was in doubt about the result with phenol- 
phthalein. G. Steiger found that with water thgre is a slow decomposition and a 
little alkali passes into solnt J. Roth noted that tlje weathering of laumontitc 
prijduccs some calcium carbonate ; G. Leonhard and C. R, van Hise observed the 
passage of laumontite in'to prehnite; and C. G.C. Bischof, M.F. Heddle, G. Jentszch, 
J. Roth, R. P. D. Graham, and C. R. van Hise, the passage of laumontite into 
orthoclase and albitc. F. F. Grout applied the term psciulohumontite to a product 
which was derived from diabase, and which was regarded as a laumontite with much 
of the lime replaced by potash and magnesia. J. Lemberg found that when 
laumontite is treated with sodium or potassium carbonate, much of the lime is 
replaced by the.alkali, and a product resembling analcite is formed. Siinilar 
n^sults were obtained w,ith alkali chlorides. He called the j)roduct obtained with 
sodium carbonate sohi., soda-caporcianite. F. W. Clarke and G. Steiger found that 
after exposure to the vap. of ammonium chloride, the mineral is decomposed, and 
some 3 9.5 per cent, of ammonia is taken up by the residue. 

St. Epiphany,!''' J. de Laet, and J. Beckmann have suggested that the lyncii- 
rium of Theophrastus’ Uepi Xi6(ov and of Pliny's Hisimia naluralis (8. .38; 87. 
.3, 7) may have been hyacinth. W.. Watson argued in favour of tourmaline ; but 
.1. Beckmann said,tjiat if so, Theophrastus would hav(! referred to the fact that 
heat is^necessary to make tins mineral attract light bodies. G. Noya-Carafla 
suggested that the thrnmedcx of the ancients was tournialim^; but A. B. dc Boot, 
and J. Beckmann doubted this, and tire latter has shown that Pliny’s account of the 
carhuiwle fits the known properties of tourmaline better than those of the other 
minerals named. Pliny said that this attracted chaff and light bodies after it had 
been heated by the beams of the sun, or by friction. .1. Serapion the Arabian 
mentioned a red mineral resembling the hyacinth which “ when strongly rubbed 
against the hair of the head, attracts chaff as the magiuit does iron.’’ As a matter 
of fact, this description would apply to most gem-stones. 

'The term tOUItnaline has been apjdied to a number of different silicates. It is 
a Sitigalese word first used for a reddish mineral brought to Europe from Ceylon by 
the Dutch Traders in 1703. A writer, *' 1. G. 8,,” at the beginning of the eighteenth 
century, said: 

Tlie stone called Uyurnuilrtc, tunnalc, or ti'ip has llie projM^rty that it not only attracts 
ttie aslies from the warm or hurnioK coals, as the magnet does iron, hut also ri'pels them 
again, wliich is very amusing; for as soon as a small quantity of ashes leaps ui>on it, and 
appoata as if endeavouring to writhe itself by force into the stone, the ash, in a little, 
springs from it again, as if about to make a now effort; and on this account tourmaline 
was by the Dutch called AnfhnUrecker —ashes-drawer. When the turf i-oals are cohl, it 
does not produce these effects, I liavo no doubt that, if heated, it wouhl attract other 
things beside ashes. 

Similar remarks were made by F, Maurer in 1713; and L. Lemery like¬ 
wise described the mineral in 1717. th Linnwus called it lapis l■kclric 1 ls. 
I. S. R. I. Etjues a Born, S. Rinmun, and R. Kirwan called it tourmaline. A black 
variety of tourmaline had long been called schorl. This word is of uncertain origin. 
It was spelt scimrl by J. Matthesius in 1.562; shirl by II. BrUckmann in 1727; and 
skiSrl by J. C. Wallcrius in 1747. It is also referred to by C. Ge,sner, L. Ercker, 
F. von Kobell, A. (Ironstedt, J. B. L. R.)m4 dc rislc,,and C. A. 8. Hofmann. 

It has been suggested that the word sehCrl is derived from the name of a German 
loeality where the mineral occumnl—l^horlau, loeaning scherl-village; on the contrary, 
the word may be a miner’s term of unknown origin, and that the village received its name 
because schorl was found near by. In the fifteenth century, the rejecteil material in auri¬ 
ferous and etaimiforous ores was called schurl or wolfram. It has therefore tieen suggested 
that the word is deriveri from the old German word schor, meaning impurities or refuse. 

J. B. L. Rome de rislc, A. Cfonstedt, etc., regarded tourmaline and schorl as 
ono sjiecies. Tourmaline is common in clay slates, crystalline schists, and in the 
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more siliceous rocks— c.g. the pegmatites. It is common in*aone8 of oontact meta¬ 
morphism of schists and granites, and numerous kinds of rocks. H. B. Patton,'*® 
for instance, regards the tounntfline in some schists in Colorado as having been 
formed at the expense of *th(? biotite in the pegmatites of the adjoining contact zone. 
Tourmaline occurs as a^pyrogenetic mineral in ignftous rocks— e.g. granites, pegma¬ 
tites, porphyries, and lavas. In igneous rocks it seems to hhve been produced by 
the fumarole action, and not as a direej sejiaration from magma. Tourmaline 
has not been made artificially. C. Doelter made some tmsuccessful experiments in 
this direction. 

A red schOrl from Siberia was called by R. Kirwan,*®* rubcUile ; by J. C. Dolain^tliorio, 
daovrite —from Daurten; by C. Lermina, siberitc ; by H. .J. Hauy.’^ourwitt/inc apyre ! 
and by J. F. L. Haunmann, apyrile, in reference to it« fire-reswtinp qualities. M. V. H il’An- 
drada called a bla<;k tounnalino from KrageKk Norway, apAfct^r- from foam, in 

, allusion to its behaviour in the biowpi])o flanio—and a bluo toumudino from Uttv, Swotlen, 
intligohle (also irytkolite). Jt Hermann called a colourless tourmaline from Riba, (uhroite 
— from d, without; J. Domeyko callwl a variety from Taltnl, Chili, to/* 

tdlUe. (}. L ITlex, and F. Fisani showed that taltulite is a mixtim' of tounnalino and a 
copper earth. 11. Tschermak calknl tlie magnesium tourmaline from Untcnlraiihurg, 
Drave district, ('armtliia, dravite. T. Tliomson found a brown mass of interwoven ncii’ular 
prismatic crystals at Hucl Unity, Cornwall, which ho calleil zruaiftf’—from (cCfty, tlie act 
of writing—in allusion to the locality wliere it occurretl. U. P. Grog, end A. dc8t1ol/A.‘aux 
found the ory'stals to l>o a ferriferous t-ourmnlino. , 

The first analysis of tourmaline is attribut^sd to .\. Wondra.schek,''’^ and analyses 
were soon afterwards reported by L. N. Vamiueliii, H. .1. HaUy, M. H. Klaprotb, 
and r. F. Bucholz. The presence of boric oxide was discovered by II. A. von 
Vogel, and of litliiiim oxide by A. Arfvedson, W. Gruiier, and G. Gmelin. An 
attempt was made by R. Hermann to show that carbon dioxide is an cssimtial 
constituent; but (\ F. Rammelsbcrg found no carbon dioxide in mimerous samples. 
He did, however, find in sotiu! saiujiles a little phosphoric oxidi^ and fluorine. The 
constitution with inadeejuate data was discussed by ,1. D. Dana, C. F. Naumanti, 
G. A. Kenngott, and A. Mitsclierlich. Tlie combined water, and the ferrous and 
ferric oxides were studied by G. F. Rammelsberg in 1H69. On account of the 
imperfections in the analytical methods, analyses prior to 1870 are usually omitted 
in discussions on the clicmical nature of the mineral. Numerous analyses have 
been made *"*’ since that time. 

In spite of tlicoxcelleiit analyses of tourmaline which arc available, there is no 
general agreement as to the eomiiosition of the idi^lized niiiiersl stripped from the 
accidental constituents which so comnionly eoiitainiiiate tlie products produced 
in Nature’s laboratory. It is almost certain that tourmaline is a mixed Crystal 
or solid solii, of a number of different silicates. The, toiirnialines rejirescnt B group 
of isomorphoiis minerals whose chemical relatians have not yet been elucidated. 
In the alkali tourmalinea, the chief bases are lithium, sodium, and potassium ; in 
the magnesian tournuilines, the chief base is magnesium —or, possibly, aluminium ; 
and in the, iron tourmalines, iron (ous) replaces much of tlie magnesium. 
E. X. Wherry showed that the. rcplseenient of Fc" by l,i, and of A1 by Mg, and the 
absence of calcium fit in well with the at. vol. theory of isoinoriihisni. Before 
attempting to interpret the analyses, the imperfections to which analyses of com¬ 
plex silicates arc liable mus^ be taken info consideration. The main difficulties 
arc (i) inaccurate detorminations of the boron; (ii) the adsorption of water from 
the sir during the fine-grinding of lihe niiner|l; and (iii) the ready oxidation of 
ferrous to ferric oxide during the fiiic-ggnding which precedes analysis. 

C. Rammelsberg,"® in his paper: l)if chcmische Nalur der Turmaline 
(Berlin, 1890), argued that tourmaline is a mixture of silicates of the typ<-s 
R'jSiOs; B" 3 Si 05 : R"'. 28 i 05 in proportions between 1:2:6 and 15 :1 :90. Ho 
showed that the ratio R: Si in 64 good analyses ranges from 1 :5-7-1 :6-7, It 
is, however, necessary to consijjer the 8-10 |»er cent, of boric oxide in the mineral. 
The analyses discussed by B. B. Riggs, and E. A. Wfllfing indicate that there 
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are three types with- the group 3 B 2 O 3 .i 28 iO 2 . 4 H 2 O constant, and in lithium 
or Mali lourrttaline, 2 {Na,Li) 20 . 8 Al 203 ( 3 B 203 . 12 Si 02 . 4 H 20 ); ferrous • tourma¬ 
line, Na 20 . 4 Fe 0 . 7 Al 203 ( 3 B 203 . 12 Si 02 . 4 H 20 ); "and in magnesium tourmaline, 
^Na 20 .^.,-Mg 0 . 5 Al 203 ( 3 B 203 . 12 Si 02 . 4 H 20 ). There fe, 'however, an excess of 
oAgen which is exjdained by'assuming that AlO and HO groups are present. 
K. A. Wiilfing inferred that the analyses are best summarized by regarding the 
tourmalines as solid soln. of the ^two silicates, H 8 Na 4 Al,eB 3 Sii 2063 and 
H6Mg[2AI|3B38i|2033. P. Reiner bases his observations on these formula). 
R. B. Riggs, P. .lannasch and G. Kalb referred (he analyses to the type 
R 9 B 02 (Si() 4 ) 2 , and P. Groth, Rg(AlO).BO.( 8104 ) 2 . R- Aannasch and G. W. Kalb, 
W. anrl D. Asoh, and G. Tsehermak assume that there are three types of tourmalines, 
and V. Goldschmidt, two. H. Rheineck does not accept the view that the boric 
oxide ami aluminium afe in direct association. 

8 . L Penfudd and H. \V. Foote argued that the tourmaline is a salt of a lour -, 
rmlinw nei<l, Hu Al 3 B 28 i 402 i, or (H.^SiOj: AI,H.,Si 04)2 : Al .1138205 which con¬ 
tains th<‘ radicle H 3 B 2 O 5 of the acid H 4 B 2 O 5 . Grajihically, these formulje become 


HO, 0., 

'OvAI 
HO. <0 

HO 0 oir 

Ho.„, ,o"'"' “'0-n.-^ 

HO' *■' "0 
HO 0>l 
110 '0 


OH 

OH 


G. Cesaro regarded tourmaline a,s an orthosilieate. with part of the silieon replaced 
by B^O. F. W. Clarke has shown that although this formula tits mo,st, but not 
all, the analyses of tourmaline, it does not harmonize with the characteristic 
change of the tourmalines into micas. W. T. 8 challer, and P. Reiner avoid the 
difficulty by trijiling the above formula. This gives the unwieldy and complicated 
tourmalinic acid, li 5 i,Sii 2 B 8 ()n 3 . F. W. Clarke modified the type formula to 


(H3Si04)j^Al -Si 04 -AIB 09 
Al HjBO, 
(H4.SiO,)„- Al Si 04 -AIB ()4 


HiO,--; 
At, .SiO,-; 

NiO,:: 

Mica 


KH 

Al 

■Al 


2 


wliii h would make the tourmalines//■dwmtotc/ndH/mHoMmori/aMi/aw/e.v. He added 
that it is improbable that the bogon is |)resent jiartly as metahorale and partly 
os orthoboratc; and as an alternative he said that it may be represented as 
BgOp the <|uinquevalent radicle of a hypothetical acid H 6 B 3 O 7 . He added that 
fluorine may in part replace the raetaborate radicle. By replacing various hydrogen 
atoms with the univalent elennmts. K, Na, Li, and F; bivalent elements, Ca, Mg, Mn, 
and Fe; and tervaleirt elements, B, Al, Fe, Mn, and Cr, and compounding different 
proportions of two or three mols of the above type, it is possible to represent the 
different analyses of tourmaline. The alkali tourmalines usually have a high 
proportion of aluminium, and the magnesian and iron (ous) tourmalines have 
a low proportion of aluminium. The above scheme provides for ferric tourma¬ 
lines although the existence of such has nqt been unequivocally established in 
normal tourmalines. The ferric oxfdp appearing in some analyses may have been 
the result of oxidation. In a few gases, part of the aluminium is replaced by chro¬ 
mium, furnishing the so-called chrome-tourmalines. If a mol. of the type indicated 
by P. W. Clarke's, and H. W. Foote’s formula loses its boric oxide and an atom 
of aluminium, and takes up potash, two mols. of mica are formed. P. Erculissc 
represented the tourmalines as solid soln. of salts of different fluoalurainosihcio 
acids. J. Jakob applied the co-ordination theory and assumed tourmaline to be a 
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solid soln. of 4 [Al(Si 04 ) 3 ]R»+[O.Al.(OBO) 2 ]Al 2 . W. Vernadsky assnmcd that 
tourmaline is an additive substance containing the kaoliuitc ring, R'Al 2 Si 202 , viz. 


,0.AI(0R).0. .0.B(0R).0, ,0. 0.A1(0E).0^ 

W. VcniaUrtky’a kaoliulto nucleus* W. VernnUaky'fl tuumlallnc nucleus. 


because tourmaline is formed by the wo|thering of fekpar, and it furnishes on 
weathering china clay or alkali-mica. He assumes that in tourmaline a similar 
ring is formed with boron in place of aluminium, and that the two rings are joined, 
furnishing the tourmaline nucleus R' 4 Al 2 B 2 Si 4 ()ie. He postulates three groups: 
kallmite, R'gAl 4 B 2 Si 402 i; bdbaite, R'i 4 Ai 2 B 2 Si 0402 i; and c/huiVc, R' 2 Al 5 B 2 Si 402 i, 
one or more of which may form addition-compounds with the tourmaline, nucleus. 
In this way it is possible to represent the composition of ^11 the tourmalines. These 
hypotheses are to be regarded as tentative, though ingenious, attempts to solve tho 
riddle- what is the chemical nature of tourmaline ? 

Tourmaline is rarely colourless or w'hite; the colour may be rod, blue, or green ; 
and most commonly brownish-black, bluish-black, or black. Some specimens are 
red internally, and green externally ; others arc red at one extremity, and grc*en, 
blue, or black at the other. Sometimes then*, are different colours in concentric 
layers. R. Scharize.r.ior and W. Vernadsky made some observations on the. rela¬ 
tion between the colour and composition. According to the former, flic iron 
tourm.atines containing little, or no manganese arc brown to brownish-black. The 
irtten.sity of the brown colour produced by iron is increased by increasing the 
titanium content. As the jiroportion of manganese increases, the colour ))as,ses 
from blue to green and to red. He. considers that the blue and gri*en colours are the 
result of an admixture of green manganate, and reddish-violet permanganate. The 
passage of manganate into permanganate explains the change of colour which 
occurs when the tourmaline is heated in oxygen. From his observations on the 
action of o.ddizing and reducing gases on the heated mineral, W. Hermann interri'il 
that chromimn, manganese, and iron are concerned in the. coloration of tourmaline. 
The mineral is sometimes massive and compact, or in columnar masses. The 
crystals are pri.smatic, slender or acicular, short and thick, and rarely flattened; 
they arc often much rounded and barrel-shaped, and they are sometimes isolated, 
but more commonly in parallel radiating groups. Doubly terminated crystals 
ar(! rare ; usuallvt the crystals arc attached at one end. The crystals are coni- 
monlv hemimorphie, and they furnish some of the mpst conS))icuous examples (jf polar 
.symmetry. The cry.stals belong to the trigonal Byst.em, and, according to V. von 
Worobieiy, the axial ratio is «:c-1 : Od.tlSl. M. .Terofejeff gave I : II-IIHO.') 
for this ratio; (,}. Seligmann, I : O'lDb'KKlh; and A. fossa and A. Arzruni, 
I ; O-bfllO. Observations w’cre also made by W» Ramsay, 1). Brewster, J. I). Dana, 

T. Kupffer, W. K. Hidden, V. M. (ioldschmidt, G. Rose, A. dcs Cloizeaux, 
A. d’Achiardi, W. H. Miller, A. N. Karnozhitsky, H, L. Ungemach, A. Lacroix, 
L. Duparc and co-workers, A. Ondrej, A. Krejci, f. M. Viola and E. Ferrari, 
W. P. piakc, P. Tcrmier, E. Artini, 0. B. Bdggibl, F. Slavik, A. Hamberg, 
W. Vernadsky, A. H. Westergard, and R. H. Solly. C. Hintze said that .f. C. G. do 
Marignac’s measurements more probably refer to phenacite. than to tourmaline. 
W. T. Schaller said that the tVhxis of red litliium tourmaline is largest for the ferru¬ 
ginous tourmalines. F. Rinne, and M. Kcmter, C. Kulaszewsky, H. Baumhaucr, 
W. Ramsay, H. Traube, and T. L. ViVlker stiujied the corrosion figures. C. Kulas¬ 
zewsky, and H. Haga and F. M. Jager Jiavc«tudied the X-radiograms of tourma¬ 
line. The elementary parallelopiped is a prism of rhombic base, and 120“ edge- 
,angles; the edge-length of the rhomb is 16'23xl0”* cm., and the height 7'26 
XlO~* cm. The prismatic faces of the crystals are sometimes striated vertically. 
The cleavage is not noticeable, or is imperfect and parallel to (1120) and (lOfl). 
The alteration of analogous rfind antilogous patches on cross-sections indicates 
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BUppleracntary twuuUDK like that of heminiorphite. Juxtaposition twins or 
penetration twins with pamllel axes arc not common; cruciform twins,are also 
very rarej but an example^ has been described by M. Bauer. A. E. Fersman 
found growths of felspar with tourmaline at Mursinkn, Eral. L. Duparc and co- 
wdrkers found the opfip axial angle, 2E, of anomalous biaxial crystals varied from 
0'’-14° 5'; and A. ckis Cloizeaux observed no change by raising the temp, from 
12”-186°. C. Doeltcr also made observations on this subject. 

The specific gravity of tourmaline Ainges from 3'0-3-2. Determinations were 
made by many of those who analyzed the mineral. J. Joly gave 3'104-3'139 at 
l4‘’/4‘’ for iron tourmalines, and 3’0]0 at 14°/4° for a magnesian tourmaline. 
L. Duparc and co-workers obtained numbers ranging from 2'978- 3'127. K. Becht 
found values froAi 3'0fi6-3'144. E. A. Wiilfing found the sp. gr. increased linearly 
with the proportion of heavy metal present with the magnesian tourmalines. 
W. T. Schaller obtained the smallest value 3 05 and the greatest, 3'20-3'25; and 
with the magnesium-free tourmalines, the smallest values 3 00-3 05 and the greatest, 
3'20-3'25. He represented his observations on the effect of alumina by the curves, 
Fig. 1 79. The hardness is about 7. W. Voigt found the compressibility of tourma¬ 
line to be j3=115xlO“«, and.E. Madelungand 
j.}0 M IJ R. Fuchs, 0-84 x 10-« (p=]25 atm.). W. Voigt 
rZ J ■ ol elasticity to bo 15,560 

X 3j Oy kgrms. per sq. mm. at —45°; 16,330 at 0°; 

^ 3./0 S ""'ZI 25,570 at 90°. W. Lissauer 

_ / __ me&.sured the elastic modulus at the temp, of 

/ _liquid air. F. Pfaff pive 0 (X)09,369 for the coeff. 

\ M 1 M of thermal expansion, between 0° and 100°, 
25 23 35 32 H taken in the direction of the c-axis, and 0 00077,32 
Per cent. AliO, in the direction of the a-axis. R. Scharizer 


Fio, 179.-The KITect of Alumina on ^'kat it is possible to change the colour 
the Bpoeific Gravity of '|■ou^mnIlne. of tourmalim^ by heating the mineral in a flame 

charged with oxygen. K. Simon found a red 
tourmaline lost its colour at 670° when heated in a stream of hydrogen, but 
the colour is restored at room temp. ; a dark red crystal became green at 500°, 
and remained pale green at room temp.; a reddish-violet tourmaline became 
brownish-green when heated and the colour disappeared at 500°, and it remained 
colourless when cold. Red tourmalines became green when heated between 
6(K) -8(K)° in oxygen, and the green colour remained on cooling. R. Cusack gave 
1012°-1102° for the meltingpoilit of tourmaline ; A. L. Fletcher gave 1062° 11,52° ; 
and C. Doelter, 1010°. The m.p. must obviously depend on the com))osit.ion. 
The last-named found that on fusion tourmaline yields olivine and spinel. This 
decomposition must interfere with' observations on the m.p. J. Joly found the 
specific heat of an iron tourmaifne. to be 0'2004 between 91° and 1(H)°; and 
0'2lll for a magnesian tourmaline. S. P. Thomson and 0. J. Lodge inferred that 
the thermal conductivity of tourmaline is probably unilateral, but F. Stenger 
found that it is not so. The ratio of the sq. roots of the conductivities in the 
direction of the u-axis and of the c-axis is M5- M7. G. F. Fitzgerald made some 
observations on this subject. 

A large number of observations have been made on the refractive indices 
M the tourmalines. A. des Cloizeau.x found for d colourless tourmaline with 
Wa-hglq, <0=^1'6366, and « 1-619.3. Observations were made by M. Jerofejeff, 
P. H. Sehwebel, A. Oossa and A. Arzruni, G. B. d’Aehiardi, L. Duparc and co¬ 
workers, K. Becht, K. Zimanyi, etc.' According to E. A. Wiilfing. the lithium 
tourmalines have the lowest refrhetion; the magnesian tourmalines have inter¬ 
mediate values; and the iron tourmalines have the highest refraction. W. T. Schaller* 
also found the ferruginous tourmalines have the highest refraction. The 
0 owing IS a selection of values from data furnished by the above-mentioned 
observers: 
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Duk Dark Sfaraw Bark 


Cntourtess. 

EETWO. 

(5rw«. 

IUmI. 

mi. 

yrtlow. 

brown. 

Uliu'k. 

. 4W24 

1 8424 

1 6401 

1 0304 

1-0448 

1-64.10 

1-0481 

) 6525 

. t orn 

1-6222 

1-6220* 

1-6237 

1-62,11 

16224 

1-6260 

1 0270 

E 0 0201 

0 0202 • 

(|0]8l 

0-0157 

0-0197 

0 0200 

0-0231 

0 0246 


y. Rpiner found for the refractive index with alkali tourma'lipe a~l'625. y—1 fi4C; 
with magnesian tourmaline, a=l-628, y=l'640; and iron tourmaline, o- 1039 
and y=I‘668. The birefringence is strong, E, A. WUlfing also found the 
magnesian tourmalines have the lowest birefringence; the lithium tourmalines 
have intermediate values, and the iron tourmalines, the highest double refraction. 
The optical character is negative. All the coloured tourmalines have a well-marked 
pleocbroism. This was noted by J. 0. Wallerius in 177H, and observations have 
been recorded by A. des Cloiseaux, K. Bertrand, A. Beer, C. F. Hammelsberg, 
6. Spezia, A. von l^asaulx, R. Scharizer, A. Cossa and'A. Arzruni, and A. dill. 
In the black varieties, lu is green or blue, and « is brown or reil ; in the green 
varieties, lu is green or greenish-brown, and « is green of a dilferent tint; in 
the red cry.stals, both rays are red but of a different lint. The diehroism with 
ultra-red waves was studied by E. Merritt, and V. Agafanoff. The effect of the 
colouring pigment on the pleochroism was-also investigated by V. Agafanoff. 
E. Bertrand, and T. Liebisch observed the iiliophanous figures gf totirmaline. The 
absorption of the ordinary ray is much greater than that of tlie extraordi|jary ray. 
In some dark brown crystals the difference is so great that a section parallel to the 
optic axis, transmits virtually only the extraordinary rays, and can therefore be 
vi.sed as polarizer or analyzer-e.g. the so-called tmirmaliiie tongs. Ohservations 
on the absorption of light by tourmaline- plates were made by W. I’lilfrieh, 
.f, Ehlers, A. I’otier, E, Carvallo, and P. H. Schwebel, W. W. Coblentz found the 
important bands on the absorption spectrum are at 1 '28/z and 2'82/z ; and in the 
reflection spectrum, there are maxima at Tttfi. 8 0^, t) ‘2/a, 9'7ft, 10’2/i, ami 10 7ji. 
A. I’Hiigi'r confirmed the law with ri-spect to the proportionality of absorption and 
emi.ssion of light by tourmaline. E. Newbery and 11. Lupton found that when 
green tourmaline is (!X|iosed to radium rays no visible effect is produced ; a pink 
cry.stal became colourless when heated, but radium rays had no visible effect on the 
heated s|ieeimen, although the unheated crystal was slightly darkened in colour. 
Cathode rays did not (diange the colour of the heated or unheated mineral; the 
heated crystals i^one have a fine orange glow. Colourless crystals assumed a faint 
])ink colour by exposure to radium radiations. The interference figures are 
characteristic of uniaxial crystals, but sometime^thc crystals are biaxial, may be 
as a result of prc.ss, strains. A. des Cloizeaux observed the biaxial interference 
figur<‘S about the boundary of differently coloured layers of a multi-coloured crystal. 
Observations on the optical anomalies of "tourmaline crystals wee made by 
E. Mallard, H. Biicking, L. Duparc, A. Madelung, etc. ,1. A. Anderson discussed 
the rotation of linearly jmlarized light by tourmaline crystals ; and the motion of 
light in tourmaline crystals was investigated by C. Viola, E. A. Wulfing, and 
S. Nakamura. 

K. Simon found that tourmaline which has been decolorized by heating in 
oxygen or hydrogen, has its colour restored by exposing the mineral to sunlight, 
or to radium rays. C, Doelter observeik that a colourless tourmaline acquired a 
rose tint in radium rays; rfhilc other tourmalines were not changed. 8. 0. Lind 
and D. C. Bardwell found no change of colour, fluorescence, or thermoluminescence 
up to .3(10° with pink and green tourRialines. illtra-violet rays act like, radium rays, 
but more feebly. Cathode rays have’but a slight action on colourless tourmalim-, 
Tourmaline is cither non-radioactive or it exhiUits a fexible radioactivity which has 
been measured for a number of specimens by K. Piutti. F, Pockols investigated 
the influence of an electrostatic field on the optical properties of tourmaline; and 
J. Chaudier, the relation between the dochno dktuble refraction and the biro- 
fringcnce, and found that the*former is smaller the less the value of the latter. The 
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pyroelectiiflcatioil of pu'nerals was first observed with tourmaline —vide supra. 
C. Linnceus stated that electricity is the cause of the property of attracting light 
bodies exhibited by warmed tourmaline. The phenomenon was studied by 
P. jEpinus, who showed that’it was necessary to heat f.heimineral to between 37'6 
anii 100° in order to dijvelop it} attractive powers. The axtremity of the crystal 
terminated by the six-^idod pri.sm then becomes positively electrified, and the other 
extremity negatively electrified. The chief axis of the crystal is thus an electrical 
axis. He added that when the crystal <8 large, flashes of light can be seen along 
its surface. J. Canton, and T. Bergman showed that the electrification is evoked 
by the churtgc of temp, and is not produced when kept constantly in a heated con¬ 
dition. Observations were made by J. C. Wiicke, W. Watson, R. J. Hatty, M. Born, 
A. 0. Becquerel,'P. Kohler, J. D. Forbes, G. Rose, B. T. Riess and G. Rose, 
T. M. Gaugain, E. Rieclm, H. Sehedtler, and G. T. Techner. The relation between 
the electrical and morphological character of tourmaline was discussed by V. von 
Worobieff. To'urmaline exhibits piessoelectriflcation, and J. and P. Curie showed 
that by press, in the direction of the chief axis, the polar electrification is 
analogous to that which is developed by cooling the cry.8tal. W. Lissauer studied 
the phenomenon at the temp, of liquid air. Observations on the piezoelectrifica- 
tion of tourmaline were made by E. Riecke and W. Voigt, 1). H. Keys, and 
A. Ij. W. E. van ibii; Veen. J. (luri(! found the dielectric constant in a direction 
paralleUo the ehi(!f axis to bo tt’Ott, and vertical to that axis, 7’10; R. von Pellinger 
gave the respective values 6'.')382 and 7'12844; W. Schmidt, trW) and 6‘75; 
and R. Coehn and A. Curs, 6'2 to 6'7r).' W. Lissauer found no ehangi! in the value 
of th(! dielectric constant in passing from room temp, to the temp, of liquid air. 
II. Saegiisa measured the dieleotTic hysteresis of tourmaline. Tourmaline is jiara- 
magnetie. .1. Kdnigsberger measured the magnetic susceptibility ; B. Bavink, 
the magnetic influence; ami W. Voigt and S. Kinoshuto, the magnetization 
numbers parallel and vertical to the chief axis. B. Bavink studied the magnetic 
properties of tourmaline. 

R. Piutti measured the occluded helium in some samides of tourmaline. 
H. Baumhaiier studied the aetiou of alkali hydroxide soln. .1. Lemberg "'s investi¬ 
gated the action of soln. of sodium siliiiate at 200’, for .'486 hrs., and obtained a product 
resembling analcite. E. (k Sullivan studied the basic exchange which occurs 
when tourmaline is jilaeed in soln. of cupric sulphate. Some changes which occur 
in nature are produced by the addition of alkalies. The alteration of tourmaline 
to mica (le|(idote), chlorite, eookeite, and .steatite have been .studied liy (1, 'Ischermak, 
W. T. iSehaller, R. H. Riggs, ('. K.'van Jlise. etc. 

(i. A, Kenngottosi named a mineral erroneously thought to come from the Val 
Milar, Switzerland, milaritc ; it aetiiallv came from the Val (Jiuf, and hence 
.1. Ivu.sehel called it (jia/ilr. Analvses wen^ made by R. Einkcner, A. Frenzel, 
E. Ludwig, and F. P. Treadwell; and C. F. Rammelsberg calculated the formula 
R'jCa4Al4Si240ji; O.Hintze, HKCa„Al 2 Sii 204 o: P. Groth, HK('a. 2 Al 2 (Si 205 V: and 
0. Cesaro, KjL'ajALfSioOslu.HaO, or'hemihydrated potassium calcium tUuminium 
trimesodisilicate, KCaAl(8i206)3.JH20. F, W. Clarke represents it by a con¬ 
stitutional formula analogous to that of beryl. The hexagonal piismatic crystals 
are colourle.ss or pale green. In polarized light, the crystals arc biaxial, and hence 
G. Tsehermak, A. des Cloizeaux, and E. Mallard regarded them as psoudohexagonal; 
but F, Rinne showed that the anomalous characters hre secondary, and that the 
crystals are hexagonal. W. Rantsay confirmed this, and found that the biaxial 
parts become uniaxial with rise of' temp. F. Rinne gave for the axial ratio 
«:c=l’06620: and K. Busz, 1:0'66468. ‘E. Bertrand gave for the optic axial 
angle 2//o=79“, and 2//o—107^°. The sp. gr. is 2'6-2'6 ; and the hardness 5-6. 

F. von Kobell '*** found a massive, foliated, greyish-yellow mineral associated 
with the wollastonite and the edelforsite in the limestone of Gjelleback, Norway; 
he called it spheuoclase —from a^v, a wedge ; and xAdo), I break—in allusion to 
its bw'aking into wedge-shaped pieces. C. F. Rammdlsbcrg calculated the formula 
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R(,Ali. 8 ieOi 2 from the analyeig where (Fe,Mn); Mg: C 8 =l: 1'4 ; 4-2. F. W. Clarke 
rcprcBCite the idealized mineral as CajAySijO;),^, analogous in structure with 
harylite and okenite, or cslcionf dialununium fnoithodi^cate. The sp. gr. is 
3'2, and the hardness SJ-S. Sphenoclase is slightly attacked by hydrochloric 
and sulphuric acids, but after ignition, the mineral is easily decomposed by hyijro- 
chloric acid with the separation of gelatinous silieic acid. . 

J. Sdllneri** reported a pale yellow or colourless mineral in the melilitic 
basalt of Kaiserstuhl, Baden, and h<f called it deecKte— after T. Deeek. 
The crystals are pscudomorpas after mclilite. The analyses correspond with 
(H,Na,K)j(Mg,C 8 )(Al,Fe) 2 (Si 205 ) 6 . 9 H 20 , or potassium caldnm dialuminium 
pentamesodi^cate, K 2 CaAl 2 (Si 205 ) 5 . 9 H 20 . The crystals are apparently uniaxial 
with an itidex of refraction about 1'47, a weak birefringence, and Optically negative. 
The sp. gr. is 2'1. The mineral becomes opaqm' when heated, and it is not attacked 
by hydrochloric acid. • 

A. Daniour described a zeolite which he obtained from Sa.sbneh, Baden, and 
named lanjasite— after Faujas de Saint Fond. Analyses were made by A. Dainour, 
and (.'. C. lIolTmann. The mineral has 22 ‘H) 27 02 per eent. of water. V. (lold- 
schmidt found 27fi per eent. The analyses were summarized by (I. F. llninmcls- 
l>erg, in the formula lli.,Na 2 CaAl 4 Si,) 03 o .121120 : J. lb Dana, and ('. llintze, 
H,Na.,(’aAl4(Si03)i(,.18H.,0; P. Groth, II.,tNa2,('a)Al2(3iO.j)5.9H20; and 
F. W. Clarke : ' 

Na 

Al -:.Si,04- Al-C^!>I^’>Af-Si()4^AH 1911/) 

!>'/>« 

It is more pndrable that the sodium and calcium of faujasite hclong to ditlcrcnt 
mols. whi(di form an isomorphous mixture of sodium and calcium ahnninosilicates, 
say CaAl2(Si();,)5.10lf2O, and Na2Al2(8iO.|)5.l<)ll20. This makes the idealized 
mmi'ral decal^drated calcium dialuminium pentametasiiicate ; ami deca- 
hydrated sodium dialuminium pentametasiiicate. G. Tsehermak believed that 
faujasite is an isomorphous mixture of sodium and calcium aluminium silicates, 
each of which is combined with a silicic acid: t'a AI. 2 Si 208 . 1 l 402 . 1 l 88 i 40 | 2 d lAq., and 
Na 2 Al 2 Si 2 () 8 .n i02.2H4Si208-( 4 Aq. Whatever view is finally adopted will depend 
on the mode of association of the water. A. Damour found faujasite lows 19 pet 
cent, of water when ex|)oacd to drj’ air for a month, but regains almost all during 
24 lira,' cxjio,sure to ordinary air. When lieatcd to 50" 1)5'' for one hour, it loses 
I5'2 ])i’r cent.; at fiO" 0,5°, it lo.sea I0'4 per cent.* and at 'r()"-75°, 19'5 ]ier cent.. 
Almost all is regained by exjiosiiri' to moist air for a few weeks. P. .Tannasidi found 
that at 100" the mincrai lost IH fifi )ier cent, of water ; at 200"-205", 20 41 jier cimt.., 
at 2.50" 2(i0", 22'ri7 per cent.; over a gas-burner, 27'02 per cent.; and over a blast- 
flame, 27 59 per cent. P. .Tannasch also found that afti'r being confined for 24 and 
48 hrs. over calcium chloride, the losses were resjiectively 1'72 and I'S.I jier cent.; 
65 and 100 hrs. over cone, sulphuric acid, respectively 4 60 and 6'52 per cent.; 
and 118 and 190 hrs. over phosphorus pentoxide, rc.spcctively 7’44 and 10'88 per 
cent. The weight thereafter remained constant. The crystals usually occur 
in octahedra, and sometimes trisoctahedra. They are colourless, white, or brown. 
A. dos Cloizeaux showed that the erystajs are isotrojiic and belong to the cubic 
system. Twinning is comnfon. The cleavage parallel'to the (111) plane is clear. 
As with many other zeolites, the double refraction is anomalous. According to 
F. Rinne, the crystals, normally isotropic, ar» changed by the loss of a little water 
and form eight uniaxial individuals which (tre optically positive. The crystals at 
150°, after losing 12 mols of water, become isotfbpic; a further loss of water makes 
the crystals uniaxial and negative. When water is rcsorbed, the crystals again 
become uniaxial and positive. The sp. gr. is 1’923; and the hardness 5. The 
crystals are decomposed by hydrochloric acid, and only a fraction of the separated 
acid is gelatinous. * 
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. W. Cross and L. G.,Eakins found a Molito on the Table Mts., and Silver Cliff, 
Colorado, which they named ptilolitc —from mlXov, wing down—in allusion to the 
light downy nature of the aggregates of the fine acicular crystals. It has also been 
found at Teplitz Bay by L. Colomba; San Piero, Blba', by G. d’Achiardi; and 
Ttigarhorn, Iceland, by G. lindstrom. K. Callisen described a mineral from 
Iceland which he called fiolile. 0. B. Boggild, however, showed that it is essentially 
the same as ptilolite—vide infra. Analyses of these specimens correspond with 
CaAl2Si,|)024.5H20 mixed with the isoAorphous silicates K2Al2Sijo024.5H20, and 
Na2Al2Siio024.5H20. F. W. Clarke represented this mineral by H 2 CaAl 2 (Si 205 ) 5 . 
i)H20, etc. This corresponds with hexal^diated calcium dialnmininm dihydropen- 
tamesoduilicate ; similarly with the hezahydrated potassium dialuminium 
dihydropentamedodisilicate, and hezahydrated sodium dialuminium dihydro- 
pentamesodisilicate. Or, neglecting the fiHaO: 


SijO 


^Al< 




Ca 


K 

AK 


SijOj-H 





-K 

-K 


Al< 


■Si.Os-H 


According to W. Cyoss and L. G. Eakins, a sample of ptilolite with 13-44 per cent, 
of water lost 3-81 per cent, of water when confined over sulphuric acid, and at 


110° , 125" 300” Rcdlient 

lioss . , . 2-(il rsi 2-41 3'10 per cent. 


L. Colomba found ()-81 ))er cent, loss over calcium chloride; 4-28 jier cent, was lost 
at 8.^)“, and frtfi [icr cent, at 1()5°-110°. The, mineral can reabsorb this water from 
moist air; but if heated to a high temp., the resorption is incomplete. The crystals 
are isotrojiic at ordinary temp., and doubly refracting at 120‘’-125°. L. H. Koch 
gave a—1-.574, ^-=1-477, and y.-t'478. The ojitical character is negative. The 
sp. gr. is 2'30. The crystals are insoluble in hydrochloric acid, and slowly decom¬ 
posed by sulphuric acid. 

H. How "4 obtained a zeolite from Mordon, Nova Scotia, which he named 
mordenite ; L. V. Pirsson obtained the same mineral from the Noodoo, 
Wyoming. The analyses correspond with the formula 3RAl2Sii2O24.20H2O, 
where R represents K 2 : Na.^: Ca = l; 1:1. C. S. Ross and E. V. Shannon 
gave (Ca,Na 2 i 0 .Al 203 . 9 Si 02 .CH- 0 . F. W. Clarke represents the constitution as 
an isomorphous mixtuTc of three silicates associated with ptilolite. According to 

S. .1. Thugutt, the so-called componite from the Swiss Alps is the same, mineral. 
The tabular cry.stals arc white,-may be tinged yellow or pink. The crystals may 
occur in concretions with a fibrous texture. They resemble heulandite in habit and 
angles, L. V. Pirsson gave for the axial ratios of the monoclinic crystals o: 5: c 
—()-4(X)S)9: 1:0'42792, and jS-^88° 29J'. The cleavage parallel to (010) is perfect. 
The axial angle is large. The sp, gr. is 2'()8- 2’15; L. H. Hoch gave 2-30. The 
hardness is 3-4. The powdered mineral loses 3-6 per cent, of water when kept for 
an hour at 100°. 0. B. Boggild found the index of refraction is about 1-480; 
L. H. Koch gave a= 1-475, j8 -:l-477, and y—1-478. C. 8. Ross and E. V. Shannon 
gave 0=4-470-1-475 ; j3=-1-473- 1-477 ;'‘and y--4-475-1-478. The double refrac¬ 
tion is weak, 0-(K)2 0 003, and negative; and the extinction inclined at about 15°. 
0. B. Biiggihl said the extinction of ptilolite is parallel. The mineral is completely 
decomposed by acids. W. T. Schallef considers flokite. to be the same as mordenite. 

T. L. Walker and A. L. Parsons regard ptilolite to be identical with mordenite; but 
W. T. Schaller regards mordenite, ptilolite, and f/inopti7o/!(c -crystallized mordenite 
—as distinct mineral species, 

H. How found reddiati. pink, or chalk-white balls in a red clay from Cape Split, Nova 
Scotia. He considored this mineral to be partially altered moidenite which he called 



SILICON 


749 


tledtiU —after J. Steele. A laolite fouiui iu British Columbia by R. P, 1), (Jraliani 
was named ftrrieriU. It is related to monlenite and ptiloliM, and has the composi¬ 
tion (MA}Ia,,H|)|AI,(Si20|)|.6H,0. The crystals are rhoiiibic, the indices of refraction 
a=l’478, ^=f '47», and }>=1'482; and y—o=0 004: the optic axial aujfle 2r = 60“ 28'. 
When heated to 100°, waty b|gins to be evolved; at 205°, (i'5 per cent, is lost; and at 
276°, another one [wr cenj. is given off. ^ 

E. J. Haiiy referred to a fibrous zeolite analyzed ’by L. N. Vatuiuelin 
as mesolype —from piao^, middle; and ■ymds, type- in allusion to form of the 
crystals whose square prisms were considered to be intermediate between the forms 
of stilbito' and analcite. The fibrous zeolites were afterwards investigated by 
J. N. von Fuchs and A. F. Gehlen. The^ called natrolite, siHla-mesotype, and lime- 
mesotype was called SCOlecite—f rom oKruAtjf, a worm -in reference to the way some 
specimens curl up when heated before the blowpijie; mesotyjie, between scoleeito 
and natrolite in composition, was called mesolfto. H. ,f^ Brooke called a speeimeu 
of scolecite from Poouah, India, jmmlik. The two minerals from Asitrim, Ireland, 
a fibrous variety named attlrimolUe and a massive chalk-like variety named luimiiy- 
tonite, were shown by G. A. Kenngott, and A. Lacroix to be scolecites; and 
A. and E. Brauns showed that harringtonite, and farbelite are. the same, minerals. 

Several analyses of scolecite have been made.’''’ The results were represented 
by C. F. Eammelsberg,”'' CaALSijOjo.SlLO, mkittm dialmilnium ortholrinilieiilc, 
iu which the, water was represented as being eq. to water'of crystallization. 
A. Damour found the eq. of about a mol of water was lost at nearly 239", and the bulk 
of the water was driven off at a temii. a]iprqaching redne.ss. F. Einnc hence con¬ 
cluded that there are two scolecites, one a rhombic form with a mol less water than 
the other; the one with the higher water-content he called miiascolfciti'— vuk 
infra. The, fact that one-third of the water is more, easily exjielled than the rest was 
considered by J. Lemberg to have some bearing on the constitutional formula. The 
dehydration curve of scolecite was also investigated by F. W. t'larke and G. Steiger, 
and (,'. Hemch. F. Zambonini obtained 1 he following results with moist air; 

12U* 217" 2t0" 276" 305" 365° 446" 

Water lost . 108 422 5'83 0 62 7*28 11*10 11 *98 per cent. 

There is said to be a break between 275" and 330"; with dry air, the loss at 275° 
is. greater, being about 7*20 per cent. A. Damour found that the water is resorbed 
by the mineral dehydrated at 300°, but after it had been heated to redw'ss, it was 
no longer liygroifbopic. F. Zambonini also studied the resorption of nioisturif 
by the dehydrated mineral, and he compared tha state of the water in scolecite 
with that in silica hydrogel. G. Stoklossa said that the water is in a combined 
state, and he reported that there are really six different hydrates shown by 
breaks in the, rehydration curve of scolecite dehydrated between 17° and 390°. 
Hence, he doublexl C. F. Eammelsherg’s forniiilh, and wrote ; Oa..,Al4Sij0.2o.<iH20. 
P. Groth regarded scolecite as a metasilicate, CaAljAl( 0 H) 2 ((Si 03 )a. 2 Hj; 0 . 
G. Tschermak assumed that orthosilicic acid is associated with an aluminosilicate, 
and wrote the formula C'aAl2Si208.H4Si04. He said no water of crystallization is 
pre3ont,.but a mol of water is an intrinsic part of the mol. F. W. Clarke re])rc8cnted 
the constitutional formula like that of natrolite [q.v.) with Ca in place of Na 2 , and 
fiH20 in place of 4 H 2 O. The water in qjesolite was studied by G. Friedel, and 
E. T. Allen and .1. K. Clement. * 

A. Daubree *** found crystals of scolecite in the masonry of the batlis of the 
thermal springs at Plombiires, and Bourbojne; and H. Hermann noted that 
crystals of scolecite are forming in the^plastlc mass between the basaltic columns 
of Stoljicn, Saxony. C. Doelter did not obtain«colecite from soln. containing the 
theoretical proportions of silicic acid, alumina, and lime; but prismatic crystals 
were formed when powdered scolecite was heated in a closed tube at 150° as indicated 
in connection with natrolite. This, in conjunction with A. Daubriie’s experiment, 
shows that a low temp, is needed for the formation of this silicate. Scolecite occurs 
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iMsive and in nodules; fibrous and radiating; and-in slender prismatic crystals, 
'he crystals were measured by W. Phillips,'** W. H. Miller, S. Kreutz,^A. des 
Jloizcaux, R. Koelilin, J. Kiinigsberger, 0. Lu^uecke, V. von ZepharoVich, etc. 
). Brewster, and G. Rose sh'owed that the crystals arg nvonoclinic; and G. Flink 
ja^ for the axial ratios a'.b: c=j0'9764:1:0'3434, and j8=90° 42'; while S. Kreutz 
'ave 0'97636; 1:0’34;}3^, and j3=89“ 18'. The inonoclinic crystals of scolccite are 
tatcd to be isomorphous with those of natrolite. F. Riime, and H. Haga and 
f. M. Jaget have studied the X-radi^ram of scolecite. G. Tschermak made 
bservations on the relations between the crystaLyof various zeolites. G. Flink, 
ud F. Rinno made observations on the corrosion figures. The prismatic 
Icavage parallel to the (110)-face is nearly perfect. The twinning plane is (100). 
>. Lucdecke, 6. 'Wyroubofi, and C. Schmidt made observations on the twinning 
f the crystals of scoloeate. The optic axial angle is medium; A. des Cloizeaux 
ound for the red ray, 2E=t53‘’ 41'; for the blue ray, 2E=59° 37'; and for the red 
ay,2/4=35’ b7', 2//p=156“ 4', and 2K=35'’ 1'. G. Flink gave 2A’=16“ 48' for 
rhite light. Observations were also made by G. Schmidt, V. von Zepharovich, and 
). Lucdecke, A. des Cloizeaux found the optical a.xial angle 2£=60“ 28' at 8'8°, 
md 59” 46' at 146'5“, The sp. gr. was determined on many of the samples analyzed ; 
ho results range frona 2'2-2'4 ; and dho hardness 5-8|. G. Tammann found that 
n an atm. with the ,vap. press, of water p mm., the percentage amount of water 
ost by f sample of scolecite was; 

1 ) . 15-7 14« 12-3 il l 11 1 2 11 1-2 011mm, 

Loss . 0 0 004 0-013 0 017 0 029 0 042 0 079 0 105 per cent. 

F. Rinuc found a marked change in the optical properties when the mineral is heated ; 
and scolecite which has been strongly heated is rhombic mduscokcUe. 0. B. Boggild 
laid the extinction is oblique up to about 17". The refraction is like that of cedar oil. 
A. des Cloizeaux gave for the index of refraction 1-502 for red light; and 0. Schmidt, 
1-6470 for Li-light, 1-6570 for Na-light, and 1-6675 for Tl-light. H. Michel gave 
0=1-509, j3 =1-515. A. Lacroix found for the birefringence y —0 =0 0083, and 
0. B. Boggild, 0 007. The optical character is negative. \V. \V. Coblontz found 
that the ultra-rod transmission siiectrum show-s the absorption bands of water up 
to 5p, where it becomes opaque. 'The 3p, water-band is complex. Observations 
on the pyroelectric behaviour of scolecite were made by R. J. Haiiy, D. Brewster, 
I*. Riess and G. Ross, G. W. Haiikel, C. Schmidt, G. Friedel and A. dc Grammout, 
and F. Rinne. 0. Weigel studied the electrical conductivity of scolecite. 

'l-lio miiioral lirat dek-tibwl by*tt, Mieliel as ukenito was later eallwl melancolccUc 
bocauBO its composition, (jaO : AljOj: SiOj: HaO = 0-93921; 1-0323 : 3 : 2'9941, so closely 
resembles that of scoleeito while the physical properties are tlilfercnt. It belongs to the 
rhorahic system. The sp. gr. is 2-244 ;■ the indices of refraction, a=1-604 1 512, y=l -60S- 
1-516. « 

C. l)oelter*2* found scolecite to be partially soluble in carbonated water. 
J. Lemberg found that when digested with soln. of potassium or sodium carbonate, 
the calcium is nearly all replaced by the alkali metal; similarly with soln. 
of potassium or sodium chloride ; and with a soln. of sodium sulphate. G. Steiger 
also found that much of the calcium in scolecite can be replaced by silver, when the 
mineral is digested with a soln. of silver nitrate. The product was called silver- 
seokcile. F. W, Clarke and G. Steiger studied the action of ammoniuoi chloride 
in a sealed tube at 350", when some lime is replaced by ammonium, forming 
amtiwnium-scolecile. I. Zoch experimented with soln. of ammonium chloride and 
likewise found an exchange of bases. The subject was investigated by R. Gans, and 

G. Tschermak. Scolecite is decom’jiosed by acids with the separation of gelatinous 
silica in the form, according to G. Tschermak, of orthosilicic acid. J. M. Theile 
studied the nature of the silicic acid so obtained. M. F. Hcddle, and C. R. van Hisq 
studied the transformation of scolecite in nature. 

Several analyses of mesolite have been reportaL’^^ C. F. Rammclsberg *** 
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found that the composition could be represented as a mixture of natrolite and 
scolecite. C. Hintze, V. Ooldschmidt, H. L. Bowman, and G. Tschermak also 
regarded mesolitc as variable mixtures of these, two minerals; wliile K. Gorgey 
and J. N. von Fuchs and A^F. Gehlen supposed it td be a double salt. Mesolitc 
occurs massive with radiating and interlaced fibrtjg somet^ies called coUon-stmie. 
A. des Cloizeaux, on optical grounds, regarded the crystals as Irielinic with penetra¬ 
tion twinning. E. Hiissak also found complex twinning in the apparently trielinie 
crystals from Brazil. 0. Luedecke attemp^d to prove that mesolite is trimoriihous 
—A. des tSoizeaux's trielinie v*riety, rhombic galaeiite ((/.e.), and the monoelinic 
form from Iceland. R. Gorgey represented the axial ratios of the trielinie crystals 
as a : 6 : c=()-9747 ; 1:0'3122, and ^—92°. (.'. Schmidt argued that the trielinie 
form is really monoelinic like scolecite. S. Kreutz gave for the a\ial ratios of the 
monoelinic crystals: • • 


a : b : c 
? ■ 
ft r 

V -tt . 


NatrollU*. 

0 !t"853 ; 1 : 0 3531)2 
90° 

t-48U, 1382, [■4i)3 
0013 


MiauliU'. 

0 9747 ; 1 : 0-3122 
92“ 

1-505, 1 505, 1-500 
0-001 


J^voKtIU'. 

0-97030 : 1 ; 0 34338 
89” 18' 

1-512, 1-519. 1-519 
0-007 


G. Flink regarded the three minerals as isomorplious. 11. L. Bowman gavi’ for the 
oi)tie axial angles with Na-light 'IE ~7r)-2ri“, 2F - 81-5". The prismatic eh-avage is 
perfect; the sp. gr. 2-2 2-1; and tiie hardness 5. F. E. W. Oi-herg found tlo^sp. hi. 
to be 0-2161 between 14" and 99". 0. 11. Ijoggihl foiiml the index of refraction 
very ni-arlv 1-505. R. GiirgCy gave for the index of refraction 1-5021 for Li-lighl, 
1-505 for Na-light, and 4.5072 for Tl-lighl; and J. Konigsberger and W. J. Miillcr 
gave a -45018, ^ -450.50, and y-G-.50.53 with Nadight, E. T. Wherry gave, the 
values indicated above. R. Gorgey gave for the. birefriiigcnee, y—a ()-0(Kl5; 
y -0-00028; and p—a -0-0(1023. 0. B. Boggild said that there is no double 
refraction with thin needles of mesoliti', in some eases the impure mineral has a 
weak positive or in-gative birefriiigeiici'. J. Ijemberg found that by treatment 
with a solii. of an alkali chloride the lime is replaced by alkali; and with a soln. 
of thallium nitrate, G. Steiger obtained IhiUmm-mfmUk. F. voii Richthofen, 
4. R. van lli.sc, and Iv. D. Glinka studied the effect of natural agents on mesolite. 

W. Haidingerdescribed a zeolite which was obtained from Kilpatrii-k, 
Scotland, by A. Ediiigtoii, and which was accordingly named edingtouite. A. Breit- 
liaiipt named it utiimli ilc on account of its hemiliedral crystals; and F. Mohs, 
hnlhyn/ipttr - from heavy. 0. Nonli-nskjojjl found it at liohlet, Sweden. 

Auaiyses were rejiorted by W. llaidiiigi-r, .4 Beinberg, M. F.’lleddle, and G. laiid- 
slroiii. V>. F. Raiiimelsberg computed the formula BaAljSijOjo.dlLO, or tri- 
hydrated barium dialuminium orthotrisilicate I’. Groth reganh-d it as a meta- 
silicate, BaO.jAl(OH)o;(SiO;,)s.21LO. G. Tscla-rniak re.gariled it as a mixture, 
H 48 i 0 .,.H»Ba.\ 4 Si 20 u.ll 2 G. F- W. Clarke represents it by : 

*411 

AU Sit),- AIO”*:”A4 SijO.-AH 611,0 


.T. Lemberg obtained what he regarded as edingtouite by digesting arlibcial 
natrolhe with a soln. of bariihn chloride for 12 days. 'Ihe crystals arc small and 
inconspicuous; and white with a grey or pink tinge. W. Haidinger regarded tlo'iii 
as tetragonal with sphenoidal hemihddriam, whli the axial ratio n : c l : 0-6725 ; 
wliile 0. Nordenskjiild represented them hs rhombic with bisphenoidal heniihedrism, 
with axial ratios a:b: c=:()-9872 : 1:0-6733. *rhe cleavage is comjiletc when 
parallel to (110). 0. Nordenskjold gave for the optic kxial angles with Li-, Na-, 
and Tl-light, 2fi=86° 54, 87" 17', and 88" 8' respectively; and 2V=r>r 17', 
52° 55', and 5.3° 10' respectively. The sp. gr. is 2'694 -2-776 ; and the, hardness 
4-4J. A. des Cloizeaux foiftid the double refraction strong and negative. 
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O. Nordenskjold gave /or the indices of refraction respectively with Li-, Na-, and 
Tl-light, a=1 5344-l-5361, 1'5370-1-5395, I'5401-1-5418; ^=--1'5466, ^15492, 
and 15522; and y=I 551l, 15540, and 1'5566. Edingtonite is decomposed by 
hydrochloric acid with the separation of gelatinous siljcic acid. 

* 1 . Thomson found a (mineral cvliich he called gloUalite near Port Glasgow, Scotland 
It occurred in octaliedral crystals belonging to the cubic system. M. F. Hcddle said that 
it is probably e<iingtonite mixed with harmotome. R. P. Greg and W. G. Lettsom regarded 
it as a cliabazite. A. Sigmund’s galactite fgjnn Weitendorf, Steicrroark, was considered to 
be a mixture of natrolito and scolecite. 

Flesh-coloured crystals of a rare mineral were found by T. Thomson in the ejected 
masses on Monte Somma, Vesuvius, and called sarcolite— from odpf, flesh, in 
aUusion to the colour. This mineral is not the same as the zeolitic sarcolite from 
Vicentin —vide gmelinitp. K. J. HgUy seems to have considered these crystals to 
be analcite, and T. Montitelli and N. Covelli called it anakimc carnea. A. Breit- 
hanpt tegardefl sarcolite as humboldtitc or melilite; but A. des Cloizeaux, and 

F. de, Fonsi'ca showed that it is more probably a definite mineral species. The 
mineral was analyzed by A. Scacchi and M. del Lupo, C. F. Rammelsberg, and 
A. Pauly. U. F. Rammelsberg gave the formula Na(iOa 27 Al 2 oSi.'ioOi 20 1 
and P. Qroth, Na^Cag.VlQSiaOjj., 0. F. Rammelsberg supposed the mineral 
to be a complex of Na 48 i 04 : Ca. 2 Si 04 : Al4(Si04);i^-3:27 ; 10; or of Na 9 Al 2 Si 30 i 2 
-f- 9 Ca 3 Al 2 Si 30 |. 2 . tV. T. Schaller also favoured the. hypothesis that in sarcolite, 
lime-sarcolite is in isomorphoiis admixture with soda-sarcolite, 3 Na 20 .Al 203 . 3 Si 02 ; 
or calcium dialuminyl-orthotrisilicatc, CaalAlOjjSiaOic, and sodium dialuminyl- 
Olthotlisilicate, Naj(A 10 ) 2 Si 30 io. The alternative, view is to regard the one as 
mkiim diduminiwm Iriorlhosilicate, Ca;,Al 2 (Si 04 ) 3 , and the other as the correspond¬ 
ing sodium salt. P. W. Clarke takes this view and writes ; 

.Si 04 SAlAl:=Si 04 . 

AlC SiOj'SiCaj sSiO,/A1 
SiOjSCsj sSiO, 

The mineral has not been prepared artificially, although it is possible that some 
of the reported syntheses of meionite may really refer to sarcolite. N. L. Bowen 
suggested that it has been formed in nature by the rapid cooling of a fused mixture 
of nephelite and pyroxene. R. J. llauy assumed that the cubo-octahedral crystals 
belonged to the cubic system; but II. J. Brooke showed that the pseudo-cubic 
crystals are really tetragonal with pyramidal hemihedrism, and have the axial 
ratio a: c-d ; 0'8873’f; F. Za;.ibonini gave 1 :0'9861; and P. Groth, 1:0'4183. 
The crystals were studied by G. vom Rath, N. von KokscharofI, P. Ilesscnberg, 

G. Strilver, C. F. Rammelsberg, and W. H. Miller. The cleavage is not apparent. 
A. Breithaupt gave 2'936 for the sp. gr.; C. F. Rammelsberg, 2 932; and 
F. Zambonini, 2 920. The last-named said that H. J. Brooke’s value 2'545 is 
erroneous. The optical character of the uniaxial crystals is positive; F. Zambonini 
gave for the indices of refraction for Li-, Na-, and Tl-light respectively u)=l'6000, 

1 0035, and 1'6067', and <—1'6111, 1'6147, and 1'6180. He considers that 
A. Pauly’s values o)==^l'6404 and «--l'6566 for Na-light must refer to some other 
mineral. The double refraction is strong and positive, e—oj being 0 0111,00112, 
and 0 0113 respectively for Li-, Na-, and Tl-light. 

In 1790, F. de BclleVue'*® discovered a yellow mineral at Capo di Bovc, 
Rome, which J. C. Delametherie called melilite— from fit'Ai, honey—in allusion 
to the colour—vide supra. The crystals which occur at Somma were called hum- 
boWtifite—after F. H. A. von Humboldt; ■ sonurvUlite, by H. J. Brooke; zurlite— 
after 8. Zurlo—by V. Ramondinh The first attempt at analysis was made by 

P. Carpi. The mineral was subsequently analyzed by F. von Kobell, A. Damour, 
and many others.’^t 

The selection of a formula for melilite has proved to be very difficult. The 
earlier analyses were not concordant. C. F. Rammelsberg '28 gave the 
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formala (N 8 ,K) 2 (Ca,Mg)ii(Fe,Al) 48 ii, 0 sj; A. des CIoiz<‘ui|x gave the analogous 
lotmula 12 R 0 . 2 R 203 . 9 Si 02 ; W. Stahl, R20.29R0.3R203.^i0s; C. Hiiitso, 
(C8,Mg,l'e)5(Al,Fc)2Si60i9 ; and Groth, (Ca.MgjjIAl.FejjSijOij. J. H, L. Vogt 
suggested that the natui»l pelilites are mixtures of gehlenite, 3 Ca 0 .Al 203 . 2 Si 02 , 
and what he called akarraanite, ICaO.SSiO^—wdj akernijuiite. This hypothiais 
failed, because, as W. T. Schaller expressed it, the end-member gehlenite is not a 
distinct and definite species, but is itself a variable mixture of definite end-members; 
and the other end-member akermanite wa* given a wrong formula--it should have 
been iMgO SCaO.QSiOj. F. Zambonini suggested three possible explanations of 
the composition of melilites: (i) they may bo mixtures of the two types of 
compounds R"Si 03 and R" 3 R"' 2 Si 2 ()|o; (ii) they may have the general composition 
R"R"' 2 Si 203 .nR'' 2 Si 04 ; and (iii), as G. Bodlander suggested, the’optically negative 
melilites may bo mixtures of R''Si 03 and R''R"' 2 Si() 4 ; aud the optically positive 
melilites, of R"Si 03 and R" 3 R'" 2 SiOj. He considered that G. B(Kilander's theory 
agreed well with the facts. W. Vernadsky gave R"R"' 2 Si 203 ,.')R. 2 Si 04 . K. Bus* 
and F. W. Rusberg suggested that melilite is a mixture either of gehlenite and 
R" 3 Si 207 , or of gehlenite, Ca 2 Si 04 , and ('aSi 03 . K. W.'t'larke suggested that the 
melilites are mixtures of 2 (,'a 0 .Al 203 ,Si 0.2 and '.(CaO.AUGs.fiSiO^. A. F. Bud- 
dington made a number of mixtures of akerinanite. t'n 2 MgSi 207 , gehlenite, 
Ca 2 A 1 . 28 i 07 , and SR'O.R^Os.SSiO.,, where R' - Na 2 or ('a; aijA R=Fe or A1 ami 
found all types of melilite minerals as solid soln. of these constituents. A. N. U’inchell 
represented the melilite minerals by Rj 07 , whe-re R includes the silicon; gehlenite 
and akermanite are considered to be the dominant members of the series; and 
the alkali es assigned to Na 2 Si 307 or NaAl 3 Si 07 . He said that unlike W. T. Schaller, 
and A. F. Buddington, he found grossular and andradite are not miscible with 
the melilites. An excess of silica may exist, in the interatomic spaces in the 
molecules. 

In nearly all these cases there is little evidence to show that the calcium meta- 
and ortho-silicates cun be united in isomorphous mi.xture with the alleged end- 
members of the melilite grouji. The assumed end-members are. in most cases ipiitc 
imaginary compounds. It is generally admitted that the melilites arc isonior- 
phous mixtures of a certain number of end-]iroducta; and W. T. Schaller added 
that these jiroducts must satisfy the requirements of isomoriihism; they must 
be related chemically; they must have a similar crystal form ; they must form 
mixtures with the same crystal forms as the end-members themselves; and it 
must be possible lo represent the composition of all natural melilites ns mixtures 
of these end-members. He claimed that these coifllitions aro satisfied by assuming 
that all members of the melilite and gehlenite series, including fiiggerite, can be 
represented as isomorphous mixtures of the four jirimary com|)ounds: sareolitc", 
3 ('a 0 .A 1 . 203 . 3 Si 02 ; soda-sarcolite, .3Na20.Al20^.3Si02 ; velardenite, 2 ('a 0 .Al 203 . 
Si02; and akermanite, 4Mg0.8Ca0.9Si()2. These have been discussed individually 
elsewhere. Sec also gehlenite. 

Melilite is always of pyrogenetic origin; but it is found only in the younger 
eruptive rocks; never in the plutonic rocks or crystalline schists. It is usually 
associated with nephelite, and leucite, and it sometimes takes the place of felspar.’^® 
This subject has been discussed by F. I). Adams, F. W. Clarke, E. 8. Larsen 
and F. J. Hunter, C. H. Smyth, A. Steiznar, and A. E. Tornebohm. Melilite has 
been reported in slags by L.* Bourgeois,’•''o F. Fouqud, i. S. Dittlcr, P. Heberdey, 
J. H. L. Vogt, J. Percy, F. Bothc, C. J. B. ifarsten, P. Borthicr, K. Busz and 

F. W. RUsberg, D. Forbes, A. Gurlt? F. Zanibunini, G. Bodlander, A. Firket, etc. 

G. Bodlinder observed it in portland iS'menl; and L. Appert and J. Henrivaux 
found it to be produced in the melting of ordiilkry glass. L. Bourgeois prepared 
melilite by fusing a mixture of silica, lime, and alumina'in the required proportions 
provided a salt of iron, magnesium, or manganese was present. It also forms more 
readily if some soda is present; and all natural melilites contain soda. Melilite 
was also produced by J. Moroz«wicz, and F. Fouque and A. Michel-Levy, by cooling 
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hnsaltw, aii/fitic, and other root magmas. Other minerais—4i'vine, jdaviucj 
augite, corumlum, and spinel—were produced at the same time. ’ F. ' ***? 
obtained it by crystallmtion from a fused mature of lime and angitic andeme 
or basalt. G. Doelter and E. Hussak found melilite jmong the products obtained 
byi cooling fused garnet or vesifvianite. C. Doelter synthesized melilite by fusing 
tourmahue with calcium chloride and sodium fluoride ; K. Bauer, by fusing mka- 
schist, nepheline, or andesine mixed with lithium chloride, and sodium and calcimn 
fluorides; R. Medanich, by fusing a iifflxture of garnet, sodium hydropbosphate, 
sodium vanadate, and lithium chloride; and C. Fi W. A. Oetling, by fusing a mix¬ 
ture of .silica, alumina, iron oxide, magnesia, lime, alkali carbonate, and calcium 
fluoride. H. Biiddington’s work on the synthesis of the nielilites is indicated 
above. 

Melilite occurs in cuhcdral crystals and anhedral grains. The cuhedral crystals 
are short square or octagonal prisms, or tetragonal plates. The colour is white, 
pale yellow, greenish-yellow, reddish-brown, or brown. The, crystals belong to tbe 
tetragonal system, and A. des Cloizeaux gave for the axial ratio a: e--l: (>'45483. 
The crystals may be cruefform twins with the vertical axes only slightly inclined, 
or nearly at right angles. The cleavage parallel to (001) is distinct, and indistinct 
parallel to (1()0). The crystals show some optical anomalies. The sp. gr. ranges 
from 2'9 31, and thp hardness is 5. V. S. Dcleano and E. Dittler gave 1180° for the 
m.p.; ftnd J. H. L. Vogt, 1100°. The last-named estimated the latent heat of fusion 
to be i)0 cals,, and the total heat of fusion 390 cals. E. Jannetaz found the scpiare 
root of the ratio of the, thermal conductivities in the direction ot the base and of 
the chief axis to be 119. The indices of refraction are moderately high. H. Rosen- 
busch reported for red light, a) =l'6312, and €=1'62G2; and for yellow light, 
tu=l'6.339, and e=:l'6291. Values were also measured by E. 8. Larsen and 
J. F. Hunter, and K. Busz and F. W. Riisberg. The birefringence is weak. 

H. Roscnbusch reported for Li-light e—cu--0'005.30; for Na-light, 000517; and 
f(ir 3’1-light, 0'0059l. 1'hc double birefringence is weakest for yellow light and 
inereases towards both ends of the spectriiin. The optical character is positive 
or negative. The opposite characters appear in different parts of the same 
crystal, and are sometimes arranged concentrically in zones with intertnediale 
isotropic portions. 3'h(i two end-members sarcolite, and akennanite arc optically 
positive, whereas melilite is generally negative although positivi! varieties are 
, , known. W. T. Schaller suggests 

^ two explanatory hypotheses. In one, 

atruecompoundof sarcoliteand akcr- 
manite. is formed which is optically 
negative ; the nielilites are solid soln. 
of this compound with smaller 
proportions of akermanitc, sarcolite, 
and velardenitc. If the indices of 
refraction « and u> are not linear 
functions of the composition, as 
Fm. 180-PoMibleRelation between tbeKefrac- jpustrated diagrammatically in Fig. 
tive Indicee of .Mixtures of harcolito and , , . ..f. ® 

Akennanite. ifgatiyc melilites may 

be isomorphous mixtures of two 
positive minerals. A. Stclzner studied the pleocluoism of the crystals. Cone, 
hydrochloric acid decomposes the nielilites with the separation of gelatinous silicic 
acid. '' 



An alteration product of melilite from Cebolla Creek, Colorado, was reported by 
E. 8. Larsen and W. T. Seballer, and named ciMlih. The analysis corresponds with 
Ca,k,Al,8i,0,,. If, as F. W. Clarke suggested, tbe absence of the alkaline reMtion with 
phenolphthalein when the powdererl mineral is moistenerl with water indicates that 
CaOH.groups are absent, the graphic formula can be represented Cn—Si 04 =[Ca.Si 04 
^alAi(OH),nii oafcium dthydroiyofumimum triorthmUkate. The crystals ate probably 
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iiombic, biaxial, (XMitivo, a—l'S9S, ^'^I'6I)0, (uid y^l'dSS. Theap. gr, ia 2'ilU. anti tli« 
lanineaa S. The mineral gelatinizee with acids, and tesembloa Che zeolitea in ita general 
[>roperti^. 

The early observatioijs on the distinction between houlandito and stilbite are 
indicated in connection ,with*thc latter, Heolandite is the atHbik amworphif^ of 
R. J. HaUy,‘33 and the eiueolUe of A. Breithaupt. * * ^ 

The heaumontile of A. Levy—named after K. tie Beaumont—was found in yellow 
crystals at Jones' Ball, Baltimore, and was Atnsidervd by I''. Alger, J. 1). Dana, A. dea 
Cloizeaux, J. Berzelius, A. Scliaoidt, K. Mallard, (J. H. Wdliams, and W. Klein to he 
identical with houlandite. U. Hose did not agrt'e that the two niinerals ant identical; 
but E. V. tthannon found the ciystallographie and uptieal properties, ainl the chemical 
composition to bo in such close agretunent that beaumontito coulti bi* regarded only 
as a variety of lieulandito. E. Hitchcock rejiorti'd a iiiiiieral which lie called Iinfolmtn 
from Deerfield; hut J. J. Berzelius, and A. dea (iloizeaiix shoyial that it is heiilaiiilitu. 
Moiioclinie ciystals of a mineral from the granite blocks* of Konte ilel I'ri'te, Elba, 
were naineil ory 2 i/r~-froin opv^a, rice—by 0. (Jrattarola, in allusion to Uie shape of the 
crystals. A. .\rzruiii, and 1*. Groth auggosbsl that it is identical with heulandite. Ho 
also obtained inimite acicular crystals of a mineral from tho granite of San I'iero, Elba, 
wbioh ho named imcitiltmiUrohln on account of its rosoniblance to natrohto. Ho later 
showisl that it more closely resembles heulandito. E. \V. t'larke said that |)soudo-natro- 
lilo has nearly the same composition as stollorito, but with 2 mols loss water, tl. d'Aehianli 
suggosts it is a variety of pilolite. A variety calhHl'aoM/M'ahnw/tfr was studusl by G. .Sink* 
lossa. O. tt'oigol, K. H. Seheumann, and E. Kimie. , • 

The old nmilyse.s of J. 0. K. Meyer,''H and L. N. Vauipielin gave a vety gooil 
appro.xinmtiim of flic composition of houlandite. Many analysea liave been made 
.since then ; and it ia not always clear wlietlicr heulandite or atilhite was under 
examination. The bases are lime, and small projiortions of soda and jiotash; 
a little lithia is sometimes |)re.sent. I’. .lannasch, F. Zambonini, B. Manritz, 
0. Weigel, and F. W. Clarke, and G. Steigei found samples with uji to .'VO.'i per cent, 
of strontia ; and D. Lovisato, a sample, with ‘i'.'t.h ])er cent, of baryta. C. F. Bam- 
melsberg first summarized t,he analyses by the formula CaALSigOio.liHsO. 
V, Jannasi h, and F. Kinne, used somewhat similar formulic. This ia used to-day 
as the best re)iresentative formula; it makes heulandite pentahydiated calcivtm 
dialuminium dimesotrisilicaie, CaAL(Si;,()a) 2 ..')Il.jO. 0. F. Bammelsberg later 
modified the formula to H 4 Ca.\l 2 Sifl(), 9 ..'HLO, which ('. Bodewig wrote 
ll,GaAl.,,(Sit);,)(i..‘)H./). (}. 7'sclicrmak u.sed a similar formula. Later still, 

('. F. Bammelsberg considered the mineral to be, a mixture of two such silicates. 
H, S. Washington used the formula ((laSi.,)(AlSi20g)2.51I»(), regarding heulandite 
as a salt of the aluminosilicic, acid, H^AlSi^Og. C.^. Rosa aiid E. V. Hhannon gave 
(('a,K2,Na,j)t).AL0;j,7Si02.r)H20. ('. Doelter represented heulandite as a mixture 
of silicic acid and a silicate: CaAl 2 Si 4 ()i 2 . 2 H 2 Si 03 . 3 H 2 f). I'i. IlillebramI, and 
K. Baachieri separated from heulandite what he called heuiandxtk acid, Il](|SiflO ,7 ; 
and ua,sumed that heulandite is a salt of this a*id. G. Tschermak later said that 
the mineral ia a complex of four calcium dialuminium silicates. F. W. Clarke, 
represented heulandite by a formula like that employed for stilbite, but with a tnol 
le.sa water. 

A. Dpmour found that heulandite from Faroe loses ])art of its water in dry 
air, and regains it in ordinary air; at 100', the mineral loses 2'1 per cent, of water, 
and 8'7 per cent, between KX)'’ and 1.60"; the lost wati-r is regained by exiiosuro 
to air for 24 hrs. At ItK)", the mineral liTses 12'3 per oent. of water, and all but 
21 per cent, is regained by two months' exposure to ordinary air. I’. Jannasch 
found the loss with the fine-grainedjnineral yas greater (or faster) than with the 
coarse-grained mineral. A. A. Ferro, C*Bodawig, and C. Hersch made observations 
on this subject. F. Rinne found the loss greater (or faster) in vacuo than in air 
dried by sulphuric acid ; and F. Zambonini found the.loss over sulphuric acid in 
vacuo to be: 

Time . .1 .5 24 48 72 118 IKO 310 680 hrs. 

Lose . 2'36 2 (12 4-86 ,5 23 6’44 6 US 6-83 6 08 6 08 per cent 
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The losses in dry air at, different temp, were: 



sr lor 

230* 303* 

376* 

412* 

Loss 

and in moist air; 

. 2-99 4-70 

• 

1204 1^3-9 

f 

14-30 

* 

14-80 per cent. 

61* 

101'' lOl-' 

234* 272* 284* 

309* 

420" 

Lobs . 1 <(3 

3 tl2 6 08 

8*20 11 08 12 00 

13 92 

14*74 per cent. 


Although there is a break in the curvfe, there is nothing to show that any part 
of the contained water is constitutional. The lost^atcr is rapidly regained if the 
temp, of calcination has not exceeded 300°. G. Stoklossa found that at 17°, in 
air sat. with moisture, heulandite is in equilibrium with the atm. when it contains 
about 16 per cent.—<!q. to 5'5 mols.—of moisture, and therefore assumes that the 
ordinary formula should be doublcd,*Ca.2Al4Sii2032.11H20. While the dehydration 
curve is contiguous, he found that the rchydration curve of heulandite, which has 
been heated to a series of temp, between 17° and 380°, shows a number of breaks. 
A. Beutell also said that there arc 11 mols. of water in heulandite, and all arc present 
as water of hydration. 0. Weigel inferred that the zeolites are neither adsorption 
products nor colloids of the nature of gels. Contrary to A. Deutell, 0. Weigel 
maintained that the hydration and' deliydration curves arc practically reversible 
at kmp. below 180?; and in agreement with K. H. Schumann, no permanent 
chango.is caused by dehydration up to a content of 3H._iO; the dehydration curve 
IS almost continuous; the breaks at higher temp, would not occur with integral 
mols if any considerable decomposition occurred; the curves of 0. Weigel, and 
K. H. Schumann are concordant up to 200°; and optical observations give no 
evidence of decomposition. Hence, A. Bcutell’s hypothesis is not proven. 
0. Weigel considered the water to form a special kind of solid soln. which, as a 
result of the directing forces of the relatively rigid silicate lattice on the easily 
mobile water mols. shows some analogy to true hydrates. He added ; 

^ The water in zeolites possesses the projierty of moiiility to a Iiigh degree whilst tlio 
silicate space-lattice must 1 m» considered as relatively rigid. The water mols. entering 
into the mesh cavities of this lattice will tend, according to their thermal press., to become 
uniformly distrihutml; on the other haiul, the silicate mols. (or portions thereof) in tho 
crystal lattice will tend to hold by attraction the water mols., or a portion thereof, in 
position in entire conformity with the symmetry of tho lattice. Hoth tendencies can he 
Himultaneously satisfiorl only if the mimbor of water mots, is a complete multiple of tho 
number of silicate mols., for only under those conditions can the water mols. arrange 
themselves in hlentical formation round each of the other mols. of the silicate lattice. 
It is only excoptionaltys-favourabl^ mixtures such as those that give the straight line in 
tho dehydration curve. All other mixtures correspond to points on the irregular curves. 
Tho zeolites are therefore considered to lie solid soln., but it is an open question whether the 
water in this soln. reacts with the solvent, *.s. foniis an intimate compound with tho sili- 
oate, or whether it enters the lattice a mol. dissociateil into its atoms, or into ions. 

U. Panicolii found that dehydrated zeolites absorb air and the alisorbcd air 
is richer in oxygen than is ordinary air ; thus a gram of zeolite previously heated 
\o 240° absorbed 1093 c.c. of air which contained 28 per cent, of oxygen. G. Tam- 
mann, K. H. Schumann, and E. L6wen.stein measured the vap. press, of heulandite 
and some of its substitution products—potassium-heulandite, and calcium-hculan- 
dite. Tho vap. press, is a continuous function of the combined water so that no 
breaks appear in the curve. Tho latter found that when in equilibrium with an 
atm. where the partial press, of the water-vap. was p mm., the mineral lost; 

p . 21-68 19-60 17-63 13-45 . 8-82 4-41 1-75 0-66 0-18 mm. 

Loss . 0-06 0 12 0 24 0-35 0-60 0-79 1 15 1-66 3-70 per cent 

Similar measurements were-made with calcium- and potassinm-heulanditcs. 

Heulandite occurs principally in basaltic rocks associated with other zeolites, 
it also occurs in gneiss and occasionally in metalliferous veins. C. Doelter >3? 
recrystallizcd the powdered mineral by digesting it inovater sat. with carbon dioxide, 
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in a sealed tube at 170° for 14 days. He also made it by digesting a mixture of 
powdered anorthite, freshly precipitated silica, and carbouhted water in a scaled 
tube foi^4 days at 200°. 

Heulanditc occurs iij globullr forms and granular; in flatteneil euhedral 
crystals ; and in groujjs of ^ubparallel crystals producing curved surfaces. The 
colour is various shades of whiUi i)a88ing into grey, red,‘and brown. A. llftit- 
hau|)tt3<* considered heulanditc belonged to the triclinic sVstcin; and t). vom 
Rath and F. Hesscnberg obtained triclinicvarieties from Elba and Iceland. A. dcs 
Cloizeaux showed that the crystals belong to the monoelinic system, and have 
axial ratios o: 6: c=0-4035 :1 : 0 4788 and j8-=6,'l' 40'; recalculating the axial 
ratios to the iwcudorhombic from a:l>: c—0-40.'$47 : 1 :0'8f)86, and ;8- 88° SfJ'. 
The crystals were studied by F. Rinne, A, Sigmund, 0. Tietse, and J. Kdnigsbergcr. 
The twinning plane of the, crystals is (1(X)). Tly- cleavage parallel to (010) is pcrfwt. 

F. Rinne studied the corrosion figures; and also the .X-radiograiiis. According 

(o A. dcs Cloizcaux, the optic angles vary from usually 2/^ ,52” for the 

red ray, and 53° for the blue ray. 1’. (laubert gave 21’ 31’ 22'. E. Artini 
found 2A’ 81” 14'-94” 27' in yellow light, and 10,3” .50' in while light at 1.50”. 
0 'I'ietze gave 241^51’ 49'. F. Rinne, A. dcs Cloizcaux, E. Mallard, W. Klein, and 

O. B. Negri, measured th(> inlluence of temp^on the o])tie angles and the ))lanea 
of the optic axes. E. Mallard found that raising the temp, to 1.50° changes the 
axial angles and plane, but the original condition is restored when the crystals 
regain their water; but if heated to 180° the sections become opaque,\nd the 
change is i)ermanent. F. Rinne said that -the various changes which occur are 
due to the lo.ss of water ; the high temp, form is called mtiahndnmitle. The s|(. gr. 
of heulanditc is between 217 and 2 22; V. (ioldschniidt found a 8amj)le of sp. gr. 
2 202; and E. Billows, one, 217. F. Cornu has drawn attention to the quartz 
inclusions soinetimes found in heulanditc vitiating these determinations. P. (laubert 
measured the sj). gr. of the mineral. After being heated to diflerent temp, the hard¬ 
ness is between 3J and 4. The action of heat on heulanditc is indicated above, 
C. Docker obtained a jiyroxenic mineral, anorthite, and a glassy matrix by slowly 
cooling molten henlandite. P. E. W. Oeberg gave for the sp. lit. of heulanditc 
0'2ti82. 0. Mulert found the heat of soln. in dil. hydrofluoric acid to be 0'5501 Cal. 
per gram; and he calculated the heat of formation to be CaO-f Al^Ou 4 CSiOj 
-J-.Aq. -CaO.AliiOj.tiSiO.iCTyrt. 4 Sfl'bl Cals., or 0141 Cal. per gram. R. Brauns, 
and F. Rinne have discussed the optical anomalies. According to A. Michel- 
Levy and A. Ijacrtiix, the indices of refraction are a_l’498, j8—1’499, and y ^ I ’.fiOS ; 

P. (laubert obtained a:=l'499t)-l'4998 ; )3--l'5(X)#-l 5(K)8 , ,and CSOfib l’507t). 
C, .8. Ross and B. V. Shannon gave a.--l '482 ; )3 -1'485 ; and y-- Cldfl. P. (lau¬ 
bert measured the change in the indices of refraction on heating to 2(K)”; a changed 
from 1'50()4-1’4651; (3, from I'501.5-1 4651 ; and y, from l•5078■ 1'4747. 'I’he 
birefringence is low; A. Miohel-Levy and A.•Lacroix gave y—o—O'OOfifi. The 
optical character is positive. 0. Weigel studied the electrical conductivity of 
heulandite. 

According to P. Gaubert,*’* the coloration of heulandite by coloured liquids is 
due to .the adsorjition of the coloured liquid itself. F. W. Clarke found that 
powdered and moistened heulandite reacts feebly alkaline to phenolphthalein ; and 

G. A. Kenngott, alkaline to litmus. G. Steiger, S. Hilicbrand, and C. Doelter found 
that heulandite is perceptiWy soluble in water; and the solubility in carbonated 
water or in soln. of sodium carbonate was found by C. Doelter to be greater. 
J. Ijcmberg digested heulanditc with soln. o^ sodium and potassium chlorides for 
about a week; the lime was displacerUby the alkali, forming respectively aodium- 
heidandiU, and •potasaium-heulatidile. He also studied the. action of soln. of sodium 
silicate, borate, and phosphate. F. W. Clarke and G. Steiger heated heulandite 
with ammonium chloride in scaled tubes at 350°, and obtained an ammonium-heu- 
landiie. When heulandite is digested with hot hydrochloric acid, a granular to a 
gelatinous silicic acid may be formed; with cone, acid, E. Lowenstein obtained 
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finely powdered silicic acid. S. Hillebrand said that the air-dried acid is coloured 
pale blue by methyleiie-blue. F. Rinne, and F. Cornu also studied the action of 
' acids on hculandite. 

H. J. Brooke i''® found ft zeolite mineral at Stronjain, Scotland, and named it 
br^terite - after D, Brewster.^ It has been found in a number of other localities. 
A. Breithaupt called it ‘diaf/onite. Analyses were reported by A. Connell, T. Thom¬ 
son, F. Rinne, and J. W. Mallet. C. F. Rammelsbcrg studied the relation of brew- 
sterite to hculandite and to epistilbite y and finally represented it by the formula 
R2Al48ii|08o.lfiH20; and F. Rinne gave RjAldSiiaOsa.HHjO, where R repre¬ 
sented (Sr,Ba,Ca,Na 2 ,K 2 ). C. Hintze gave a somewhat similar formula; and 
P. Groth gave (Sr.BaiALSijOu.SK^O; that is, pentahydrated barium (and stron¬ 
tium) dialuminium dimesotrisilicate, BaAl 2 (Si 30 g). 2 . 5 H 20 , and SrAlgfSigOglj.SH^O. 
F. W. (darkc ropresentijd it by . 

* o- « ^Ba 

' Al=-Si3(),-AJ<“!^^*>Al-SiaO,sAl+10H/) 

analogous with the formula for hculandite. It may jmssibly be a solid soln. of 
barium, strontium, calcium, and alkali salts. G. Tschermak considered it to be a 
solid soln. of two type silicates as in the case of heulandite. 

The^colour of brew.stcrite is grey, green, yellow, or brown. The crystals were 
measured by W. Haidinger, J. W. .Mallet, W. H. Miller, etc. H. J. Brooke's data 
show that the prismatic crystals are monoclinic, with the axial ratios a:h-.c 
= -0'i048‘2 :1 :0'‘f2042, and )3--"80“ 20'. The cleavage parallel to (010) is perfect, 
and traces of cleavage are found parallel to (100). A. des Cloizeaux gave for the 
optic axial angle 2fi' -94“ for the red ray, and 92“ for the blue ray; A. Lacroix 
and A. Michel-Levy gave 2F=65“. A. des Cloizeaux found that raising the temii. 
from 8'8“ -105'5“, altered 2/i' from 93“ 43'-96“ 20'. W. Klein, and F. Rinne 
made observations analogous with those obtained with hculandite. The sp. gr. is 
2T-2'5 ; and the hardness 5-.0i. A. Damour reported that brewsterite loses 
1’05 per cent, of water when exposed to dried air at ordinary temp, for a month. 
At 1(10°, 0'2 i>er cent, was lost in 2 hrs.; at 130°, 7 ])er cent, was lost, and all but 
2'7 j)er cent, regained by cxi)osure to ordinary air for 48 hrs. At 190“. the loss was 
8'2 per c(!nt., and all was regained after 48 hrs.’ exposure to ordinary air; at 27U“, 
10 per cent, was lost, and all but 1‘2 per cent, was regained after 8 days’ exposure. 
At a ilull red-heat the loss was 12'8 per cent., and, at a bright red-heat, 13'3 per 
cent. 0. Weigel showed that the loss of water appears to be a continuous process 
—itw/e heulaudile. A. Lacroix and A. Michel-Levy gave for the mean index of 
refraction I 45, and for the bir(dringence y—a=-(V012. A. Damour found the 
crystals to be pyroelectric. Brewsterite is decomjiosed by acids with the separa¬ 
tion of granular silicic acid. 

A. Cronstedt t'*' made references to militcs mjatalli ad centrum tendentes 
and Sfolites lamnudlaris; and J. G. Wallerius, C. A. S. Hofmann, and J. C. F. Meyer 
regarded the latter as a foliated zeolite. A. G. Werner described four members 
of the zeolites and called them Mehlzeolith or mealy zeolite; FaserzeoUlh ov fikmis 
zeolite; Strahlzeolith or rudieUed zeolite; and Blatterzeolilh or foliated zeolite. 
J. C. Uelanuitherie called radiated zcolits, zeolite naerk or stilbite ; and R. J. Haliy 
regarded this zeolite as the typo member of a spech's which he called stilbite — 
from crriX^i), lustre- and fobated zeolite was considered to be a variety which he 
called stilbite anamorphiyue. A. Breithaupt supposed radiated and foliated zeolite 
to be distinct species, and called the foimer desmine—bom Slafirt, a bundle— 
and the latter euzeolite. H. J. Blookc followed R. J. Hatly and called radiated 
zeolite stilbite, and foliated zeolite, hculandite—after H. Heuland—in this 
H. J. Brooke has been followed by the French and British mineralogists; the 
Germans call H. J. Brooke’s stilbite, dejiimne; and sometimes they call heulftndite, 
stilbite. 
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F. S, Beudaiit studied t«o v«ri#li«» of stilbite which he deeignated hyiio^lilbilt and 
spAtrnMtifbife—the hypodeainine and aphiertxieainine of A. Breithaupl. These varieties 
were diMussed by E. F. Ulocker, J. F. L. Hausmatui, A. des tToizeaux, and S. Haughton. 

J. D. Dana regarded hypostilbite as a separate Bpcoies, but J. 1). Dana later inciiiderl it 
with stilbite with a rather low perdntage of sdica. L. l iebener and J. Vorhauser, and 

F. Biikeisen described a' mineral from Puflerloch, Tyrol, which ho called puJUrite. 

G. A. Kenngott regardeif it as a stilbite. J. \V. Mallet regardwi laumontiU's from Ijkye, 
and Bombay as hypostilbites. G. vom Rath calltd crystals of a mineral lining cavifiia 
in the granite of Son Piero, Elba, /oresde—after G. F. Forresi. It was analyseil by 
A. d’Achiardi, and F. Sansoni; and these analvscs were recalculateil by ('. F. Rummelslierg. 
A des Cloizeaux sliowing that it is a variety m stilbite. The Kyhedrite of ('. U. Shepard is 
stilbite. f. Roaicky and S. J. Tlftgutt describeil a mineral which they called fpijrsmim. 
Its chemical composition is near that of stilbite, lK’H(Naj,Kj).\bSi,0],.2tiHj(); it funii.shcs 
rhombic crystals of sp. gr. 2Tti. 

The oldest analyses of stilbite are by W. Hisiiiger,*''- J. N. Kiielis and 
C. G. Retzius; numerous others have since beiu^ ifiade. C. K. Ranmiels- 
bergG^ deduced the formula GaAl 2 Sia 0 , 8 .CHj, 0 , and assumed tlgit this silicate 
was associated with Na^ALSijOij.GH^G. This makes sldbite hezahydrated 
calcium dialuminium dimesotrisilicate, t'aAl2(Hi,0s).2.i)H,20. W. Fresenius 
postulated that stilliite is a mixture of two silicates. G. Doeller inferred from his 
observation on tfie formation of anorthito during the cooling of molten slilBite, and 
A. Damoiir’s observations that two mols of cbinbined water are present, that stil- 
bite contains two mols of .silicic acid in .solid soln., viz. GaAl 2 Si 4 ‘G|o. 2 H 28 i();p'lll 20 . 
1’. Groth used 0. F. Ramiuelsbcrg's formula, (ra,Na 2 ,K. 2 )Al 28 i(Oig.(>ll%(), but 
assumed that in some cases another lylicale, t'aAl 2 iSi 20 j..'iH 20 . is present. 
G. T.schermak first gave ILCaAI^SisOig.IHaO; later, he added another mol. of 
water ; and later still, he assumed that the .stilhites are really as.sociations of four 
dilTerent calcium aluminium silicates. F. W. Clarke gave ('aAljhSigtlslsddH./), 
anil later, he gave : 

Al-Si,D,-AI<^ * ">A1 -.Si/),=AI f I2H2() 

"Ca 

K. Mana.sse used a graphic formula in which it was nssiimed that stilbite is a mixed 
orthosiliiate and mesotrisilicate. ('. Ilerscli also set up a constitutional formula 
for this substance. 

A. Damoiir Dt found that stilbite loses I'd per cent, of water at 100“; Id |)er 
cent, between Kiy' and 150“, and all butper cent, of the lost water is regained by 
!) days’ exposure to ordinary air; at 170”, 10 percent, of water was lost, and rather 
less than half of this is regained by 15 days' |!X|tisure to onlinary air. G. Herseh 
found the loss of water after two hours’ heating at dilferent temp, amounted to : 

lot” l.W’ 2 t 0 " 250" 200 " Iloa licul. 

Do.ss . . 2-84 8'71 12 10 i.'l'Ot) 14*78 18*02 per cent. 

F. Rinne’s ob.servations agreed better with A. Damour’s than with G, llerseh’s. 
E. Mana,sse concluded that the water given off below 250’ is zeolitii* water, and that 
given off above that teiiiii. is constitutional water, F. Zainbonini measured the 
loss of water in dry and moist air suffered by stilbite with 18*01 per cent, of water ; 
and found for dry air; 

112° 176" 210° 20.5’ 328" 38.5° 440° 

boss . 7*88 1151 I2.5(( 1408 15 011 15*07 17 50 per cent. 

• * 

and he inferred that the dehydration process is greatly deiiendent on the humidity 
of the air, because for moist air he^ound ; 

118° 173° . 216‘, 200° SKI" 380° 

boss . . . 2*71 9*09 12 59 12 85 14*05 15*75 |kt cent. 

E. Lowenstcin found that when in eijuilibrium with yiatcr vap. at a jiartial press. 
p mm., stilbite had lost the following proportions of water at 26“; 
p . . . 21*58 19 00 17 *0.1 13 *45 8 *62 4 *41 1*75 0 .50 0*18 mm 

laws . 0*11 0*20 ■*'21 I'd’cent* 
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Similar mcagurcments were made with calciuA-, potasaium-, and ammoniura- 
atilbites. A. Beutell and K. Blaschke also measured the rehydration of stilbite 
dehydrated at different temp, and inferred that the breaks in the curve !.idicate 
that 14 hydrates are formed., 

Stilbite occurs in cavities in amygdaloidal, basaltic^ and other rocks. The high 
degpje of hydration of the mineral favours the view that it is not a high temp, 
product. It is apparently being formed by the action of the thermal waters at 
Olette on the granite. E. Manassc discussed its formation from orthoclase at San 
Piero. E. Baut and F. Becke noted the’formation of a stilbitic substance when a 
mixture of silica, alumina, lime, alkali hydroxide, an'd water is heated for l2-16 hrs. 
at 350°. E. Tischler found that when a mixture of 96 parts of kaolinite, 80 of silica, 
and 20 of lime is repeatedly exposed to the action of steam, after grinding, a silicate 
of the compo,sition CaAl 2 Si 80 i«. 6 ’ 12 Hj ,0 is formed, and the crystals are sometimes 
found in sand-lime bricks. 

The crystals) stilbite are often grou])ed in nearly parallel jwsitions, forming 
sheaf-like aggregates; in divergent or radiated forms sometimes spheriilitic; in 
thin lamellar prisms; and pseudo-rhombic pyramids; the colour is white, but 
may be tinged grey, yellow, brown, or red. R. J. Haiiy described the 
crystals'as rhombic pyramids; but A. Breithaupt showed that’likc liarmotome 
they belong to the monoclinic system and that the pseudo-rhombic form is produced 
by cruciform twinirlng. A. von Lasaulx found the axial ratios of the monoclinic 
crystals.'to be «: 6: c=076227 :1; 1 19401 and j3=50° 49|'. G. Tscherraak gave 
0 :6: c.=0’4628 ; 1; 0'3811, and j8=89° 30'. According to L. Langemann, the 
crystals are composed of triclinic individuals; and F. llinne showed that when 
heated, the mol. structure becomes like that of a rhombic crystal. The crystals were 
studied by B. Jazek, an<l J. Konigsberger. The crystals are always twinned, 
usually in thin tubular crystals parallel to (010), or else in cruciform penetration 
twins about the plane (001). The cleavage parallel to (010) is perfect. L. Lange¬ 
mann studied the corrosion figures which arc best produced with hydrofluoric acid. 
A. Michel-Lcvy and A. Lacroix found the optic axial angle 2F=.33°; A. von 
Lasaulx, 2F=52°-.53° in blue light; and A. des Cloizcaux, 2/i - 51° 10' for red light 
and 52° for blue light. He also observed a small increase when the temp, is raised 
to 76°. The sp. gr. ranges from 2 094-2'205; and the hardness from 3|-4. ,1. .Toly 
found the sp. ht. to be 0'2621. The action of heat has been discussed above. 
C. Doelter found that when melted and slowly cooled, stilbite furnishes clusters of 
acicular crystals of a pyroxene-like mineral, and often anorthite in a glass-like 
matrix. The index of refraction is low; .4. Michel-Levy and A. Lacroix gave 
a-=l'494, j8 .-I'dilS, ahd y—I fiW. The birefringence is low. y—a=0'0()93. 
.1. Konigsberger and W. J. MUller found the indices of refraction to be o=l'493, 
j8=l'501, and y -7'5(4; and after treatment with a 25 per cent. soln. of potassium 
chloride, a -^1'478, j8=M81, and y ■--1'483. W. W. (loblentz found the ultra-red 
transmission spectrum gave all the water-bands suiierimsed; but no important 
bands [iceuliar to the mineral itself. 0. Weigel studied the electrical conductivity 
of stilbite. 

G. A. Kenngott found that the moist powder reacts alkaline to litmus: 
F. W. Clarke ahd G. Steiger confirmed this observation, and found that water extracts 
a little alkali from the mineral at 70°. J. Lemberg found that there is an exchange 
of bases when stilbite is treated with soln: of potassium or sodium chloride, forming 
respectively potassiuin-slilbile and sodium-stilbile; and with a soln. of barium 
chloride all the calcium is displaced by barium, forming barium-shlbite. 
F. W. Clarke and 0, Steiger heated stilbite and ammonium chloride in a sealed tube 
and obtained a complex ammonia-derivative. J. Konigsberger and W. J. Mttller, 
A. Beutell and K. Blasche, R. Gans, H. Eichhorn, and 1. Zoch studied the action 
of soln. of ammonium chloride on stilbite and concluded that an ammcmium-ntiVnic 
is formed. The transformations of stilbite in nature into albite, orthoclase, 
sand quartz, were studied by M. F. Heddlo, J. R. Blum, and C. R. van Hise. 
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Hvdrochlorio acid decomposes the mineral with the separation of granular and 
gelatinous silicic acid. F. Binno heated the silica-gel from'stilbitc and obtained 
a pseudAmorpb of silica after stilbite. 

In 1826, A. Breithaunt dAcribed a mie Species der Zedilhurdnuiuj from 
Iceland and the FSroe JslanHs which he named m<»wphane~p.ovo^vr\i, appear¬ 
ance—in allusion to the lustre of the fractured surfaJe. In (f priority claim, ti. ifiwe 
pointed out that he had named the same mineral epistilbite in two mineral collections. 
W. 8 . von Waltcrshausen named a speciineii from Bogar 6 ord, Iceland, parastilMc ; 
and F. H^ssenberg refers to 9 specimen from Santorin, named remite—after 
W. Reiss. C. A. Temie identified parastilbite, and 0. liUedecke, reissite, with' 
cpistilbite. 

A number of analyses has been reported, and from lhe.se, ('. F. JKanimelsberg't* 
compute<l the formula (t’a,Na 2 )ALSie 0 |j..'jllj, 0 ; or (taAl.^Si(jOie- 5 H 20 , making 
cpistilbite into peotahy^t^ caidum dialuminium dimesotrisilicate, 
CaALlSijOsl^.riH^jO. i'. Bcalewig, and I’, llintzc gave ll^t'aAljSioOm.SHaO; 
(1. iVliermak, (,'H.\lj,Si()()ij.,')}L(); V. Kosicky and 8 . .1. Tlmgutt, 

3C'a(K,Na)„Al.,8i()0|j.20ll..t); P. Jannaseh, H2CaAI.,SioOj7.41I..O; F. Uinne, 
Cu.-VlSisOre-filHiP; and P. (Jrotli, lleCaiAlilSiOjln.TH.d). ‘ F. W. .Clarke 
regarded hculandite {i/.r.) and ejnstilbite as .dimorjihous forms of one silicate. 
F. A. Quenstedt, C. A, Tenne. P. Grotli, and F. Kinne emi)ha.sized the relationshi|i 
between cpistilbite and henlandite. The second ap])ro.’ciniafion to th(! formula 
is therefore largely depenilent on which view is taken of the combined water. The 
ammint of water in the reported analysis ranges from 12 r )2 to lO tlS j>cr cent. 
V. Gohlschmidt gave 15 o per cent. C. Bodewig found samples containing 15'40 
and Jb'lO per cent, of water which retained 11’72 jwr cent, when dried over 
calcium chloride. P. .famia.sch found that when cpistilbite is confined over cone.' 
8 ul|ihuric acid it lost 104 and 1-97 i)er cent, respectively in 5 and 48 hrs.; over 
phos|)horus perito.’tide, it lost in weight 103 and 2'14 per cent, respectively in 3 
and 48 hrs.; over calcium chloride, it lost 0'51 ))er cent, in 5 hrs.; and over dry 
aaml, 010 pier cent, in .fi hrs. F. Zambonini found that when heated in a stream of 
moist air, e|iistilbile with l.b l I ner cent, of water lost, at: 

120’ 172’ 210’ 218’ SOS’ 377° 456’ 

Loss . 2 06 t-TO 7 31 10 33 12 (10 13 27 14 00 per cent. 

« 

lie concluded that cpistilbite contains neither water of crystallization nor con¬ 
stitutional water ;*the water is adsorbed as zeolitic water. 

Epistilbite occurs associated with stilbite ii* various localities, in isolated 
crystals, or in tufts or spherules with an internally radiated structure. The colour 
is white, may be with a reddish tinge. G. Bose supposed the crystals to be 
rhombic, but A. des Cloizeaux, and 0. A. Tenne found them to be monoclinic; 
and the latter from G. Rose’s measurements, calculated the axial ratios 
1 /: 6 : c-;0-50430:1; 0'f)8006, and 53'. Mi'asureraents were made by 

0. Luedeckc, C. 0. Treehmann, C. Hintze, and P. Jannaseh. A. Levy em¬ 
phasized the similarity between the crystals of hculandite and epistilbite. The 
twinning parallel to the ( 100 ) and ( 110 ) planes is common; there are also cruciform 
pienetration twins. The cleavage parallel to (010) is perfect. The optic axial 
angle is large. A. des Gloizeaux gave 2^=67“-77" for the red ray, and 
for the blue. ray. B. Maurrtz gave 2F^70“. For tlfo Li-, Na-, and Tl-rays, 
C. A. Tenne found respectively iE~Ti° 30', 75° 35', and 76" 40'; L. Henniges, 

, 2F=69° 12', 70° 45', and 71° 56'. SsG. Gordon gave 2A'=40° nearly. Raising the 
temp, from 12"-121", was found by A. desClotecaux to raise 2F from 70" 25'-74" 66 '. 
F. Rinne showed that when the temp, of the nUinoclinic twins is raised, the erj's- 
tals become rhombic; if these crystals be exposed to air, the expelled water is 
readsorbed, and the original optical characters arc resumed. This does not occur 
if the crystals are emb^ded in Canada balsam. The sp. gr. of cpistilbite is near 
2'25, and the hardness over 4.» The index of refraction found by A. des Cloizeaux 
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is y-'=l-51 for the red ray; A. Lacroix gave a=l’512 and y=l'502 for Na-light. 
S. G. Gordon gave a—*1'435, 1'495, and y—1'5(X), and y—a=0'0l5. A. Michel- 
L(ivy and A. Lacroix found the birefringence is low, y—a=0'010. V. RoScky and 
S. J. Thugutt gave y—a-i0'015, and (3—a=b 010. J'he optical character is 
negative. Epistilbite is almost completely decomposed by cone, hydrochloric acid 
with the separation grannlar silicic acid. 

A group of minerals called scapolites is analogous to the group of febpars in 
that they form a scries with a gradual (Variation in composition between two end- 
members which G. Tsclicrmak,'!'# in his memoir Die Skapolithreihe, Regarded as 
meionite, Ca.,Al 8 Si()() 25 , or Me, and marialiie, N84Al3Si9024Cl, or Ma. There is no 
sharp line of demarcation in the scries, but, as with the plagioclase felspars, certain 
members of the series have received special names—weruerite, mizzonite, etc. His 
three subdivisions arc . 

« 

1. Me, to or 100 67 per cent, ineionite, or 40- 48 per oont. silica. meionito, 

aitd weriiorito (]>arauthiiio, nuttultdo, ^iHueolite, strugHiiovite, algonte, and wjisonito). 

2. to or 67-34 per cent, meionite, or 48-.')G per cent, hilica. K.g. 

rni/Konite, and scapolite (wernite, scapolito, ckehergito, porcelain spar, passauito, paralogite, 
and atlipriastite). 

3. Me.^Ma^toMa, or ineionite 34-0 per cent., or silica 56 -64 per cent. K.y. inarialite, 
and ripomte {dipyre, prehnitoid, and ooaseranito). 

• • 

The following are given by J. D. Dana : 


Mo to MojMhj . 
MejMai to McjMa^ 
MoiMaj to MojMaa 
.MejMaj to Ma , 


Meionite 

Wernerite 

Mizzointf) 

Marialite 


The scapolites all crystalliz(! in the tetragonal system, they have neatly the same 
ojitic axial ratio, and they exhibit pyramidal liemiliodrism. A. Lacroix also 
showed that tlu^ birefringimce of the members of the series decreases in passing 
from meionite to marialite. The subject has also been discu.ssed by C. F. Rammels- 
berg, (J. vom Rath, E. T. Wolff, A. llimmelbauer, A. N. Winchell, L. M. Horgstrdm, 
N. Siindius, R. Brauns, H. Ecketmann, and V. M. Goldschmidt. 

The first member of the scries was also the first scapolite to be definitely 
recognized. .1. B. L. Rome de ITsle described some crystab he obtained from 
geodes in t he limestone at Monte Somma, Vesuvius, as kym-inte blanche de la tioimm; 
R. J. Hatty called the mineral meionito - from fieicov, less—because the pryamid 
of t.he crystals was less acute thab is the case with vesiivianite (idocrase), hanuotome, 
or zircon. The last member of the series was also the last to be recognized. It 
was obtained from the. volcanic rock called pipenio, occurring at Pianura near 
Naples. (}. vom Rath called it marialite—after Marie, the daughter of G. Rose. 


It has 1)6011 Huggwtfxl that llio irhite. schorl-Hjnir obtaincxl b) A. Cronslcdt from 
Prtrgius, I’^inlund, waw h Hcnpolito, although lie regtirded it oh a lamellar pyroxene. 
M. F. ii. (rAndratla applied the toriiis wernerite- after A (i. Wttriier- and scapollte- fnun 
aKtitros, a ghxsHod form of )fAa8o?, a branch -to HpcciinonH from Norway. K. J. Hauy 
at first usixl the same terms for what ho assumotl to bo distinct minerals, but later ho, 
and J. /V. H. Lucas arbitrarily proposed to call scapolite jtaranlhtne—iroTn irapavdtw, to 
decay—in allusion to the inclination of tho mineral to alter, and lose its lustre, 
d. A. Montelro objected to the change, and siiowed that chemically and crystallographically, 
wernerite and scapolito were the same species, and lie recommended applying tho term 
wernerite to the species, i*. C. Abildgaard called scapolite rhapidolUe (not rapidolite )— 
from /fairij, a rod. A. G. Werner referi^ to a 8c~ly grey variety of wernerite as arrticik; ^ 
J, J. Ilcrzelius called wernerite ekebmjite —after A. G. Ekeberg ; A. G. Ekebeig called it 
aodailH ; W. H, Wollaston, ikatrolite; C. f*. Schumaclier, /nsetfe—from fuscaa, dusky ; 
and C. C. von Leonhard, yo66r(m«fe—from its resemblance to gabbro—vide nephclite. 

C. C. von Leonhard regarded aieticite, parauthine, scapolito, ekel^rgite, gabbronite, and 
fuseite as synonyms of wernerite; and believed meionite to be a variety of the same inineral. 
This was later shown to be the case by A. Breithaupt. 

The bluish or greenish scapolite from the vicinity of Lake Baikal, Siberia, was called 
gkiucolUe-yXavttos, greonish*grt>y or sea-green—by Fischer von Waldheim, and 
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J. F. John. R. Hermann, and 0. Rose ahowed that this glaucolite is a scajinlile; but 
W. C BrOggor has shown that the so-called glaiu'olito^ fn)in Nortvay tmd hake Itaikal are 
really sdHalites {q.v.). A pink scapolite from BoKou, Muss., is similar to glaucolite. A 
glassy Hcapolite from (Jaiway, Ontari#, was calJod orUnrioiUe by C. U. Shepard. H. J . Brooko 
called a smoky brown varit^y from Bolton, Mass.,nt/Wrt///c - after T. Nuttal---A. Bix'itlmupt 
allowed that it is a scapolke. J. U and 8. J.*. Dana found a grey, green, and rtnl varieU* at 
Chelmsford, .Muss., and calle<l it cMttutJordite,. J. J). f)ana shc^etl that it is a ecupolite. 
J. N, von Fuclis referred to a Ponellatutpuih from Obernzell, near'i^assau, whiidi was later 
called porzdlaniie by h\ von Kobell, aiul fKumuitr by C. F. Naunmim. A. des Cloizt^ux 
ahowwi that these three minerals are scaixiitea. K. Hermann named a mineral from 
Sljudjank% «tro(/onoHitc —after C#unt 8trogonowit- and it was shown by N. von Kok* 
seliaroff to be scapolite. T. S. Hunt describid a mineral from Franklin, New Jorsi'y, 
and named it algertfe —after M. Alger. It was shown by J. 1) Dana, and J. J). Whitnoy to 
bo a scapolito. 1*. C. Weibyo descnbtxl a mineral from .Vrcndal which he colled athiUKudtte 
—from Atltpicrrof, neglected ' and wliicli was shown by .1. r. L. llausinunji. Cl. A K(*nn- 
gott, an<i ('. F. Kammelsberg to bo a scapolite. The inljfontlc of 1'. S Hunt from Balliurst, 
CuiiailH, was cotwi<loied by E. J. C'hapmon to l>c a bCHpolit<| -t'ldc mica. Tlio paraloijxtc 
of N. NonlennkjOltl, obtainetl near Lake Jtaika), was shown by N. von Iv^kscliaiolT to bo 
8 scapolite. 

Tho m'horl bluncfu’Urc de Mauleon (l*yrt'iK* 08 ) discoverwl by Clillct-Luumont in ITKti. 
was calh'ii leucvliiv—itotii Xcvkos, white-by J. C. Delanictlierie; i/ipyrc from Stv, 
twice , and vvp, tire, m allusion to the two effects of heat, 7'i;. fusion and tlierinohimi- 
nesconco, while H. Steffens calk'd iiSchmdzKhin. .f. F. L. llunsmann showed that dljiyre was 
identical with common scapolite. J. F. W. de ('hftrpcnticr ohscrveil two kimls of ilipyre ; 
one of those liud a ilark colour and was infusible at the fusion tenyi, of onlmaiy «lip\i'c ; 
and hei allod it cotutf.ranUe - froinCouserans orConscrans (Latin Consoranni),anol(l name for 
Ari6ge -whero it occure as a l)hu-k H<-hist. 'I’he work of A. ill's (’loizeaux, 1’. A. itlifn'^noy, 
(L A. Konngott, and I’. Zirkei showed that cuusepte is a more or less altered form of dipyre. 
\V. Salomon ha.s 1 * 000111110(1 the history of dip^v rc and cousc'rite. C\ W. Biomstrand descrduHl 
a min<*ral from the \icmity of Solherg, Sweden, wliii'fi ho called prehmtoid owing to its 
rescrnhlance to prehmte. Cl. A. Konngott. and A. des Cloizeaux showed that it is a variety 
of scapolito. The nponit*’ of G. Tsclicnnak is a scapolite from Uipon, Canada. A. Seaochi 
called the cry.stals ot a variety of scapolite lie found in cavities 111 tlio tracliyto of Monte 
Somma, Vesuvius, mizzonilr {Knzonit<\ (»r incxzonitc) from fui^ojv, greater—Is'causo tho 
axis of tho prism is a httli' longer than tliat of meionite N. NonlenskjOld found a water- 
free seolccife or scafiolite at Krsby, Finland, which was liurder than ordinary scapolite, and 
called by F. 8 Bcudants(o//Tr;(;.'o-; A K. Nordenskpdd called it trs6.vdr. M. 1>. Franken- 
heim regarded ci*sliyite as a variety of lahradoriti*, and (\ F. Bammelsherg called it Kali'- 
lahnuior. A des Cloizeaux, (« vom Hatli, and E. T W'olfT showed that eisbyitc is a variety 
of wapohte. Nordcnskjold's pntudoM-aiioldt'^ from Smionshy, Finland, was a mixture 
of aca[)oljt<' and augiti'. 

% 

The oldest analysis of scapolite is (hat of a dipyre by L. N. Vampiclin ; 
more recent analyses of dipyre were made by A. j)amoiir, V. (loldschmidt, A. dea 
Cloizeaux, W. Salomon, A. K. Delesse, (L vom B}#h, F. 1). Adams, X. Lacroix, and 
A. Alichel-Lcvy : of meionite, by b. (rmelin, F. Stromeyer, K. T. Wolff, A. Darnour, 
and (J. vom Rath; of weriierite, by M. F. Hi'ddle, P. 0. Weibye, V. Ilartvall, 

J. F. John, F. ]j. Simon, F. J. Wiik, 1*. Sehafhautl, 1^. Sipde/, F. Becke, (1. vom Rath, 
F. von Kohell, C. F. Rammelsberg, F. A. (lentJf, and A. Lacroix; of sca]>olite, by 

K. T. Wolif, (j. Vom Rath, F. J. Wiik, T. 'rschernyfsolielf, A, liaugier, J. J. Berzelius, 
Ji. M. Berg, N. Nordenskjold, L. Stud!mulliT, R. llenimnn, 0. 0. Baklund, H. Wiirtz, 
T. S. Hunt, and A. Hitmnelbuuer; of ekeliergite, by R. T. Wolff, A. (L Kkeberg, and 
V. Hartwall; of glaucolite, by ('. Bergemann, M. Giwartowsky, and 0. vom Rath ; 
of paralogite, by N. Nordenskjold, E. T. Wolff, and 0. F. Jtanimelsberg; of preluii- 
toid, by (’. W. Biomstrand ; of porcelain ^jpar, by J. N. Fuchs, and F. von Kohell; 
of nuttalitc, by T. Tliom.Hort; of parantliite, by F. J\*l)unnington; of algerite, 
by T. S. Hunt, and W. Frossley; of wilsonife, by T. S. Hunt, and 0. F. liammidsberg; 
of strogauovito, by R. Hermann ; ri])oni|iri, by F. D. Adams; of coaseranitc, 
by A. des Cloizeaux, V. A. Hufrenoy, «nd E. Urandea ; of niizzonite, by (L vom 
Rath ; and of marialito, by G. vom Rath, an(>C. F. Itaminelsberg. Analyses of 
samples with carbon dioxide, were made by K. T. WolfT^G. vom Rath, R. Hermann, 
E. Neminar, L. Sipdez, F. Becke, I*, von Sastschinsky, F. A. Gentb, V. Goldschmidt, 
and J. D. Dana; of samples with chlorine, but without carbtm dioxide, were made by 
C. F. Rammeisberg, F. D. Aulams, J. Lemberg, V. Goldschmidt, H. Lenk, and 
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J. Eyermann; of samples with - chlorine and sulphur trioxide were made by 
L. Sipocz, H. Wulf, K. Brauns,, and N. Sundius; and of samples with chlorine, 
carbon dioxide, and sulphur trioxide were made by L. Sipocz, and L. H. Bergstrom. 
R. Brauns called the scapolitc containing the sulphate radfcle sth ioffte—after Silvia 
Hillebrand. 

t;. F. Rammelsber^ showed that the composition of the scapolites is very variable, 
duo, in part, to the partial alteration of the mineral. J. N. von Fuchs, P. Schaf- 
hautl, E. Ncminar, L. Sipocz, N. Sundii^, F. Becke, and F. D. Adams established 
the presence of chlorine as a constituent of most scapolites, and, after shiiwing that 
the proportion of sodium increases as that of chlorine increases, he devised 
the mixture hypothesis indicated above, and assumed that alt the scapolites can be 
represented as mixtures containing the primary constituents meionite, Ca4AleSij026 ; 
and marialik, Na4Ab)Sip024Cl. L. M- Borgstrom emphasized the part played by 
carbonate and sul|)hate as v;etl as the chloride radicles, and he said that the comjiosi- 
tion of the scapolites can be (explained as isomorphous mixtures of marialitc or 
rhliiromriidite, Nu3Al38ii|().24.NaCl; /fulphalomarialitc, Na3Al3Sii)0.24.Na.2S()4 ; and 
carlxmatnimrialiU;, Nu3Al3Sisi0.,4.Na2t!03; along with sulphalmnehwilc, 
Ca3Alj^i()024.CaS04, and mrlnmalomeuniite, Ca3AljSi(|024.('at'03. In each of these 
cases, the nucleus of the, marialitcs, so to speak, corresponds with three mols of 
NaA18i30g, and that of the meionites with three mols of ('aAl2Si.20g. The compound 
C'a4AljSi()025, or 3C'aAl2Si20g.Ca0, is regarded as ojymeionile. E. T. Wherry 
found tliat the at. vol. hypothesis of isomorphism fits in well with the various 
replacements or substitutions in the scapolitc group. (!. F. Bammelsberg assumed 
the different scapolites to be addition compounds of a metasilicate, a complex meta¬ 
orthosilicate, and a complex nuitasilicate and disilicate. G A. Kenngott calculated 
for meionite Ca7Ali(|8in044. P. Groth gave for meionite Ca4(A10)Al2(AISi20g)3, 
calcium ozytiialamimnm tri>monaIummodisilicate ; and for ' mariaiite, 
Nu4(AlCl)Al2(Si30g)3, calcium chlorotrialuminium mesotrisilicate. He gave 
graphic formula) for both these two compounds, and A. (J. Brown also represented 
oxymeionito by a graphic forimda. A. Himmelbauer considered meionite to be a 
complex of 2CaAl28i20g-f(Ja2Al28i.203; and mariaiite, a complex of 2NaA18i30g 
-|-Na2A18i30gCl. II. 8. Washington regarded the scapolites as complexes of the 
acid H|oAlSi30i2; and A. Himmelbauer obtained a metasilicic acid by treating 
meionite with dil. hydrochloric acid, and from mariaiite, nmria'ilir acid, HjQSi(,023. 
W. and D. Asoh a|)plied their cumbrous hexite-pentito hypothesis to the scapolites. 

F. W. Clarke emphasized the parallelism of the felsjiars and scapolites. He said ; 
“ Both groups of miperals arc easily alterable, and both yield kaolinite as a 
final product of the change. Furthermore, both alter to muscovite, or to pinite, 
which is only an impure pseudomorphous mica.” Crystallographically, kaolinite 
has close relations with the mica fantily as illustrated by the empirical and structural 
formula) which he employed. F. \V. Clarke gave : 


oj () 

AI=SijO,-AJ<® “^»>A1-01 
“ “ Na, 
Mariaiite. 


^Car-O- Ca'' 
Meiuult«. 


where mariaiite is like sodalitc, but with quadrivalent BigOg in place of quadrivalent 
Si04 ; and meionite is like anorthito, but with the bi\ alent Ca.O.C'a-group in place 
ofCa". 

The scapolites occur in the volcanic rocks such as the ejected masses on Monte 
Somma. They principally occur in crystal'ino schists, gneisses, amphibolites, and 
altered limestones. They occur ia crystallized limestones as a direct result of 
contact action. They also appear to be formed as alteration products of plagioclase 
felspars. This subject has been discussed-by J. W. Judd,i^® A. Cathrein, A. Lacroix, 
H. Lenk, P, D. Adams and A. C. Lawson, F. Zirkel, W. Salomon, W. C. Brogger 
and H. H. Ecusch, F, Becke, and A. E. Tornebohm. 
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L. Bourgeois iw attempted to make meionite by fusing a mixture of its consti¬ 
tuent oxides, but the product was anorthite; but he did obtiin crystals of what was 
considered to be meionite by fusing a mixture of marble and a basaltic glass. 
K. B. Schmidt also prepared ati artificial rock containing scapolito; and he 
obtained the same mineral •from fused cclogite. C. Doelter fused epidoto with 
calcium and sodium fluorides and recognized meiftnite in*the prorlucts; he ^Iso 
observed meionite in a fused mixture of calcium oxide, silicaj and alumina, and in 
a fused mixture of anorthite and sodium chjpride. K. S. Shepherd and (5. A. Kankin 
obtained cj^ystals of meionite by,heating a glass of that composition in contact with 
a soln. of sodium chloride in a bomb. 

The scapolites occur in clear glassy or milk-white crystals; in crystal grains, 
and massive. Wenieritc and mizzonite may be coloured white, jjdth a grey, blue, 
green, or red tinge. The crystals belong to tlwj tetragonal system and the dillerent 
members have nearly the same axial ratio. N. voiuKokscharolfgave for 
meionite o: c -=l : 0-4.W25: G. Tsehermak for wcrncritc, l:0-4»i84; N. von 
Kokscharoil for mizzonib', 1 : U'44235; and G. vom Rath for marialite, I : ()'44I7. 
Observations on the crystals of the seapolites were made by F. X. M. Zi|i|)e, 
A. Brezina, V. Gpldsclunidt, A. von Lasaulx, H. Fischer, etc. The crystals arc 
characterized by pyramidal hemihedrism. I'he jirismatic faces sometimes show 
vicinal prominences corresponding with the hemihedrism of the crystals. TIu' 
corrosion figures also agree, with the hemihcdral character of the crystals. The 
cleavage paralhd to (KXI) is perfect, and that parallel to (110) rather less so. 
Optical anomalies are rare, but are occasionally shown in the biaxial character of 
the interference figure, and a small angle between the, optic axes. 

The sp. gr. of many of the specimens analyzed were also determined. 

G. Tsehermak calculated from the law of mixtures that the sp. gr. of the end- 
members IS 2'815 for meionite, and 2 560 for marialite. The highest observed 
value is 2 737 for the meionite of Vesuvius, with its 12 per cent, of marialite. 
.A. Himmelbauer, and N. Sundius have eompiled sp. gr. tables of th(( seapolites from 
different localities. The mixture rule is in the main applicable, but there are dis¬ 
turbances due to the influence of potassium, the presenes^ of sulphates and carbonates 
in place of chlorides, etc. The, hardness is between b and 6. A. Brim found the 
m.p. of meionite to be 11.38" 11,30’: M. L. Fletcher, 1331“ for meionite; and 
A. Himmelbauer, 1 K5'’-1238" for various seapolites, and 1088“-1233“ for marialite. 
J. ,foly gave, 0-2(X)3 for the sp. ht. of wernerite. K. .lannettaz gave 0’84.5 for the 
sij. root of the rarto of the thermal conductivity in the direction of the base to that 
in the direction of the chief axis. A. Dannholm found the s)), ht. of sJapolitc. The 
indices of refraction are determined by the chemical coinjiosition and vary from 
ai—1'594-1'.5545, and t -l'5.57-1’5417 respectively for meionite and marialite. 
There is some confusion in the data, for tlm effects of variation in the proportions 
of meionite and marialite are affected by the j)i4sence of 8ul|)hates and carbonates. 
Similar remarks apply to the birefringence. Seapolite is optically negative. 
Observations have been recorded by H. Rosenbusch, A. Lacroix, L. M. Borgstrom, 
R. Brauns, P. Franco, A. Laitakari, N. Sundius, K. Zimanyi, 0. 0. Baklund, 

H. Preiswerk, etc. A. Himmelbauer gavi; for seapolites with different proportions 
of meionite. Me. 


Mo 

4 

31 

32 

,54 

55 

72 

86 per cent. 

(0 . 

. I '.isfles 

1-68284 

. 1-68534 

I 50045 

1 56082 

1 -55530 

1-540.10 

c . 

. 1 'f>S038 

1 50120 

1-5.6041 

1-64042 

1-54402 

I -54238 

1 -63040 

01 —< 

. 0-0333 

0-03164 

0'02803 

0 02003 

0-0106 

0-01248 

0 00087 


• • , 

According to G. A. Kenngott,'^ powdered«nd moistened meionite reacts strongly 
alkaline to litmus. The chloriferous seapolites gave the reaction for chlorides 
when treated with silver nitrate. According to 0. Tsohermak, the seapolites with 
a high proportion of meionite—Mo to Mcj^ai—are completely or almost completely 
decompose by hydrochloric acid ; the Mc^Maj to MejMaj seapolites are incom¬ 
pletely decomposed; while tig: MejMsj to Ma seapolites are not much affected by 
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tho acid. The scapolitcs are very liable to change and particularly so towards the 
sodium or marialite clid of the series. The introduction of water and carbon 
dioxide is a common change. By the substitution of potash, the minerd passes 
into pinite and potash-mica>; with magnesia aid potash, magnesia-mica is pro¬ 
duced ; with magnesia, steatite is formed ; and with the acquisition of iron, epidote 
is produced. In some‘cases, a'greenish chlorite is produced. By the loss of its 
bases, scapolite passAs into kaolinitc or china clay used in the manufacture of 
porcelain, etc. Hence, the name ‘porcel^in-spar for the scapolite at Passau—cidc 
nupra. 0. F. Kammelsbcrg, C. K. van Hisc, C. W„ von Giimbcl, J. N. von Fuchs, 

G. Forchhamtm'r, I,. Knaftl. C. G. C. Bischof. V. Goldschmidt, G. vom Bath, etc., 
studied these transformations; and .1. Lemberg, and H. Schneidcrhdlm investigated 
the, action of sojn. of potassium hydroxide, carbonate, and chloride; and of 
soln. of sodium carbonate, chloridc,^and sulphate, at 215“~220°. 

A zeolitic mineral from Andreasberg, Harz, seems to have attracted attention 
m the latter half of the eighteenth century, but it was not given any specific name. 

I. S. R. I. Eques a Born described it as a sfiiium calcAirium, but, added T. Berg¬ 
man, the crystals are not calcareous but siliceous, and he referred to it as fifiura 
hjacintl^im. .1. Demesti; referreil to it as hijaciiillic hhtnche ; .1. B. I,. Rome do I’lsle, 
as hyat.iiillif. hhitichc orwijormc. ; ,1. (J._ IT. Hcyer, and F. W. H. von Trebra, as Krevz- 
krislalk ; A. G. Wermu, I). Ji. G. Karstmi, and L. A. Emmerliug, as Kreuzsiein, 
h^ilcx crucifer, and pihre de croix ; J. 0. Delametherie, as andreasbergolilc, or andreo- 
litc ; R^ Kirwan, xlaurolilc ; G. A. G. Napione, ercinih; : and A. J. M. Bro<diant, as 
pierre cruciformc,. R. .f. Haiiy’a tern> harmotome has been adopted ; it is from 
dppog, joint; and Ttpvfiv, to cut—alluding to the fact that the pyramid made by 
the prismatic jilanes in the twinning jiosition divides parallel to the plane that 
passes through the terminal edges. T’. Thomas called some well-developed crystals 
from Strontian, Scotland, merrvenile; but A. Damour and A. dos Cloizeaux showed 
tliat morvenitc is the same as harmotome. G. Stadtliinder has revived the history 
of harmotome. 

J. G. H. Keyer first analyz(!d luirmotome in ITSfi, and found it contained 
21 ]K'r cent, of l)aryta ; A. H. L. Westrund), in I7!)4, found 20 per cent, of baryta ; 

H. M. Klaproth, in 1797, found 18 per cent, of baryta; and R. .1. Many, quoting 
Q. M. Tassaert.’s analysis, gave 16 jier coni, of baryta. To distinguish it from 
phillipsite, called limr.-harmotome, harmotome proj)er was somotimes calltel baryta- 
harmotome. Numerous analyses O’® of harmotome have been made. G. F. Rammels- 
bergon calculated from the analyses, BaALSigOi4.511^0, making harmotome 
pentahydrated barium dialturlnium mesopentasilicate ; G. F. Rammelsberg 
assumed that the corresponding isomorphous alkali .salt, R'.2Al2Si50j 4.511,0, is 
present. G. Stoklossa doubled G. F. Rammelsberg’s formula. P. Groth a.ssumed 
that harmotome is proiluced by thtsisomorithous association of two silicates ; and 
G. Tschermak, four silicates. J. B.uckmoser asiiumed that harmotome is a deriva¬ 
tive of harmotomic acid, H8Si60i4. F. W. Glarke, and G. Hersch used graphic 
symbolization. The former gave : 

m f) 

Al=SijO,-AI<Ql7®>Al-SiO4HAl-fl0HjO 

According to A. Damour, harmotome from Strontidti loses 4 3 per cent, of water 
by six mouths' exposure to dry air; at lOO” it loses 1'8 per cent.; between 100° 
and 1.50°, 9'9 pet cent.; and between 150° anA 190°, 13'5 pet cent. After 24 hrs.’ 
exposure to ordinary air. the lost water is risorbed. At a dull red-heat, 14'65 per ’ 
cent, of water is lost, and the mineral is disaggregated. 0. Hersch found that the 
following percentage losses Attended the heating of the mineral to; 

100" 160" 203" 252" 295" Red heat 

. 2-74 »'74 »-23 10'67 12'42 1.5-29 per cent 


Loss . 
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W. Fresenius made sonic observations on this subject; and G. Stoklossa measured 
the resorption of water by harraotome, dehydrated at different temp. Tin' breaks 
in the ctrve, he said, indicate eleven hydrates; and that the water is clieniically 
united in the mol. • 

Harmotome occurs ipTiasalt and similar cruptic rocks ; in phonolyte ; trachyte, 
and gneiss rocks ; and in some metalliferous veins. It has not been recorded in 
barytiferous gangue. It is commonly associated with calcite und quartz. J. Lem¬ 
berg assumed that it is like chabazite, am| he found traces of baryta and strontia 
in chabazite. He assumed that harmotome is formed by the action of barytiferous 
waters on chabazite._ Harmotome, however, has not been prejiared artificially. 

Harmotome occurs in various twinned forms coloured wbite or tinged grey, 
yellow, red, or brown. L. von Buch first de.seribed the crystals of harmotouie in 
1794. K. J. Haiiy eonsidered the fundamental form to be a tetragonal ))yrniuid. 
A. Breithaupt a.ssumcd the crystals were ‘trielinic.. This was diseussed by 
t'. F. Itammelsberg, W. F. Naumann, and (1. A. Kenngott. The .morphological 
features of the twium'd crystals were studied by F. Kohler, and A. de.s t'loizcaux 
investigated their o|itical projicrties, ami assumed that the rhombic crystals bave 
mouoeliuu! syminetry. A. (bulolin e.xplaiued the structure on the, assumpliou 
that the individual members of the twinned system are monoelinic. TIfis view 
was supported by A. lies Cloizeau.'i, K. Brauns, K. Mallard, H. Baumhaucr, etc. 
A. des Cloizean.'c gave for the a.xial ratios of the monoelinic crystals <i:li:c’ 
-(|■7l).‘51.5: I : l'2.'J10,and-55'10'. G.Tsehermakgaveo :b:c -OfiOh.'i: I •(l■,‘(5l(i, 
and § i-tK)”. The crystals occur in cruciform penetration twins united as 8iui|ile or 
as double twins ; the double twins may have the n8|iect of a 8(|uare prism with a 
diagonal |)yramid havitig feather-like striations from the median line. More 
comple.x twins—c.j. three double twins—are known. As in the case of phillipsite, 
L. Langemann a,ssumed that the individuals are tricliidc because they deviate 
ojitically from monoelinic crystals. F. Rinno showed that the ojdical characters 
which refer the crystals to the triclinic system are not changed by heat,, though 
there is a movement of the axial plane, and an increase in the double refraction. 

1 he cleavage (ttUl) is well marked, but the (ilt)l) less so. A. des Cloizeaux gave for 
the optic axial angles 2//„ 86'“ .'il' IIH’ .W ; and 21'--8.5’52' for red light. 
He also measured the change whiidi occurs on raising the temp. The sp, gr. is 
2'45 2 ol); and th(^hardne.ss 4 5. A. des t'loizcaux found jS --l'5lti for the index 
of refraction with the red ray; and for Na-light. A. Michel-Levy and A. Lacroix 
gave a 1 003, |3 ^ 1 -500, and y 1 -5118. 

(i. A. Kenngott l*'* found that the moistened pqwdcred mineral resets alkaline to 
litmu.s. t'onc. hydrochloric acid aTtacks the mineral with the scjiaration of pulveru¬ 
lent silicic, acid ; J. Bruckmoser obtained ))seudomorphs of silica after harmotome, 
and the silicic acid has the composition H|)8'50i4, Imrmolniim-. acul. (1. Fricdel 
found that dehydrated harmotome absorbi# ammonia so violently that it 
decrepitates. F. Grandjean found the vap. of iodine, bromine, mercury, calomel, 
cinnabar, and sulphur are aKsorbed by dehydrated harmotome, and he measured 
the corres])onding changes in the optical properties. J. Lemberg found that only 
a little barium is displaced by six months’ digestion with soln. of calcium sulphate 
and sodium chloride at 100°. He found that with a soln. of potassium chloride the 
barium is rapidly disjilaced, and a poUiUKhim-harmotomc formed. By digesting the 
latter with a soln. of sodiunx chloride, a shlium-harmolonw is produced. 

A. Meinter analyzed the ciy'HtaU of a dark grey mineral found near the Taiarka, 
Siberia. The mineral was called dxdymgbie, or di^umolUe. ItR composition corrosiKindwi 
with 2Ca0.3AIjO,.9SiOj. A little ferric oxide njay take the place of alumina; end a liltle 
magnesia, the place of hme. In view of absence of any definite information of the mol. 
structure, a number of liypotheses could be suggef^ed for its constituti<jn, but this would 
bo unpro6table until more e\'idenee is available. The mineral lielongs to the iiiomK'liiiio 
system, and the axial ratios are a: 6 : c=0 fip06: 1: ()'28d7, an<i /3-JOU'. The »p. gr. is 
2*71; the hardness 4^-5 ; the index of refraction r/)008; the birefringence is negative, • 
y—0=0*015; and the optic axial angle 2^=81" 20|'. The mineral is not decomposed 
by acids other than hydrofluori<3*acid. 
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J. Morozewicz found a zeolite in the diabase tuff on one of the Commande 
Islands, and he calleH it stellerite— after W. Steller. It« analysis correspond 
with CaALSirOjg.THaO, and F. W. Clarke represents it by the 'formuli 
A1: SigOg.AllSijOsloCa.THgO. J. Morozewicz considers it to be a salt of th( 
aluniinosilicic acid, H.;ALSi„02n+4- Stellerite occurs in-rhombic crystals witl 
axial ratios a:b: c=0 §8 :1: (f-75. G. Tschcrmak gave 0 49 :1:0-40, and j3=90“ 
The cleavage parallel to (010) is complete; less complete parallel to (100). The 
optical axial angle 2F=43'5°. The sp,,gr. is 2T24 at 15°, and the hardness 3^-4. 
It loses 2 mols. of water at 125°, and 4 mols. at 200°. The water lost at 125° is 
regained on exposure to air. The index of refraction a i.s=l'484, and y=l'495, 
Pmudomlrolite (q.v.) is considered by F. W. Clarke to be stellerite. 

A. Lacroix •‘•‘obtained a white, silky, hbrous mineral from cavities in the doleritic 
banalt of (iignat, Puy-de/J)6mo, and ramed it gonnardlt6—after K Gonnard. Its com* 
pOHition approximates {Ca.I^jljAl^SiROij.spijO. It is probably rhombic. Thosp. gr. is 
2'246 -2 2b(); and the hardness 41-5. It is optically biaxial, aad positive. E. S. Larsen 
gave f 10"; 2V = 62" f tr ; and the indices of refraction a=l '614, ^=1515, and 

y--l 620. 

A. S. Eaklc lot found slender white fibres of a mineral in the rhyolitie tuff at 

Du.kee, Oregon, and he named it erionite— from epiov, wool. Its composition 

approximates H2C8K2Naj,Al2Sig0]7.8ll20. Its sp. gr. is 1'997. It is optically 
biaxial; and positive. The crystals belong to the rhombic system. E. 8. Larsen 
gave fdf the indices of refraction a=l'438, and y=l'452. The birefringence is 
high, It readily dissolves in hydrochloric acid. 

A. Cronstedt referred to a mineral Rod Magwsia; C. A. G. Napiono, to 
rmuu/anine rouge; anil R. J. Haiiy, to manganhe oxgde vioki .tilkifhe, II. B. de 
Saussuro also described the, mineral, and L, Cordier showed that it was -an eqridok 
manganhifire. C. A. 8. Hofmann called it Piemnlischer Braunidein. The mineral 
from 8t. Marcel, Piedmont, was called pinnonlite, that is, piedmontitei by G. A. Kerin- 
gott. Analyses ol piedmontite were made by E. Geffken, W. Elitel, B. Koto, 

V. Hartwall, A. 8obrero, H. St. C. Deville, C. F. Rammelsberg, H. Laspe3T:es, 

G. Flink, A, W. Tamm, L. ,1. Igelstrom, and N. Svensson. The comiiosition corre¬ 
sponds with that of the/ejiidotes with some manganese replacing aluminium, 
Ca2(AU)H)(Al,Fe)2(Si04);,; presumably, the eliiiozoisite, Ca2(A10H)Al2(Si04);), 
is in solid soln. with the isomorphous mangank-epulole, ('ai(A10H)Mn2(Si04)3, 
calcium dimanganic aluminohy^oxytriorthosilicate. The general properties 
of piedmontite resemble those of epi(lote_, to which reference musi. be made. Pied- 
niontitc does liot occur so abuiYlantly as epidote and zoisitc; and it is mainly 
confined to crystalline schist. B. Koto found if to be quite common in the man- 
ganiferons schists of .lapan. N. Yama8ki,and G, II. Williams found it as.sociate(l 
with rhyolite. « 

Piedmontite is reddish-brown oi. black. H. Liispeyres gave for the axial ratios 
of the. monoolinic crystals a:h: c-—I'BKX): 1 : l’832fi, and ^=64° 39'; G. Flink 
gave 1'5807 :1 : l'8f)57, and )3=^64° 36'. The cleavage and twinning resemble 
those of epidote. A. des Cloizeaux gave for the optic axial angles. 2//o=82°-90°, 
and 2f/o-12r-126°. A. Rreithaupt gave for the sp. gr. 3'404-3-5IH; and the 
hardness 6J. The pleochroism is ))ronouneed and characteristic. It has been 
investigated by H. Laspeyres, A. Lacroix, and B, Koto —vide epidote. 
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§ 46. Bei!«Uiam 'Aluminium Silicates 


R. Rieke i studied the fusibility of mixtures of beryllia and clay. In an early 
issue of his Tableau inithodviue de minbattx, R. J. Haiiy ^ referred to a mineral, 
brought to Europe from Brazil, w^iich he named eudase —from eu, easily; KXdcriq, 
fracture—in allusion to its easy'cleavage. J. C. Delam^therie also made some 
references to the mineral. ,The first analysis was made by L. N. Vauquelin, and 
other analyses were made by J. J. Berzelius, J. W. Mallet, and A. Damour. The 
last-named summarized the analysis by the formula HBeAlSiO^ ; C. F. Rammels- 
berg gave H.ySi 03 . 2 Be 3 Si 05 . 3 Al 2 Si 05 ; and P. Groth, BefAlOHjSiOi, fceryllinm 
aluminobydi^oithosilicate, 


(A10),^‘® 


*>Bo 


r. 4. 

analogous to those employed by him fiir datolite, homilite, and gadolinite. Euclase, 
said G. Cesaro, corresponds to datolite except that aluminium is present instead of 
boron, and beryllium instead of calcium. Euclase occurs with topaz in the chloritic 
schist of Villa Rica, Brazil; with topaz, etc., in the auriferous sands of Orenburg, 
Ural; with pericline, etc., in the mica sohbt of Gramsgrube, Austrian Alps; and 
also with iiericline at MoUthal. The association unth pericline indicates that the 
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mode of formation of each has been similar. ‘ F. Kolbeok and M. Henglein found 
euclaae associated with pegmatite. V. Durrfiel4 argued f^at the fluorite which 
accompanies the mineral indicates that euclase has been formed by the action of 
fluoriferous vap. A. Daubrde’s synthesis of the beryllium silicates by the action 
of silicon tetrachloridejoh be^yllia, was questioned by H. St. C. Dcville. ('. Doeltcr 
heated a mixture of alumina, silica, and beryilia under a fayer of sodium fluoride 
in a magnesite crucible and obtained crystals corresponding in composition with 
an anhydrous euclase ; but the product v^as not euclase. 

Euclase occurs only in crystals with a prismatic habit, and with a colour/anging 
from white, blue, or green. The crystals, according to J. Schabus, arc monoclinic 
with the axial ratios a\b: c=e0'32369:1 :0 33324, and P=79° 44' 4". C. F. Rammels- 
berg gave 0 6303 :1; 0'6318, and j3=9r 42'. Observiitions on.the crystals have 
been made by V. Diirrfield, E. Hussak, R. Fiochlin, A. Ijcvy, P. von Jeremejeff, 
A. T. fCupffer, K. Zerrenner, N. von Kokscharofl, W. H. Miller, A. des Cloizeaux, 
P. Guyot, N. Kulibin,*C. S. Weiss, L. J. Spencer, and V. Goldschmidt. 0. F. Ram- 
melsberg said that the euclase is isomorphous with-datolite, homilite, and gado- 
Unite. The cleavage parallel to (010) is perfect; but the cleavages parallel to 
(100) and to (001) are imperfect. A. dbs C'loizeaux gave for the optic axjpl angles 
2F=49° 37'; ana 2A’~88^ 47' for the red r8y,,and 88° 7' for the blue ray. Raising 
the temp, to 176° increased 2E by 2° 18'. A. des Cloizeauxr found that a colour¬ 
less variety of euclase had a sp. gr. 3'089, and a blue variety, A. Breithaupt 

found the sp. gr. of Brazilian euclase ranged from 3 094-3 095. In general, the 
extremes are 3'051-3'lU. The hardness ranges from 7-8. A. des Cloizeaux found 
the indices of refraction to be a=] 6520, j3 -1'6553, and )'----l'6710 for Na-light. 
A. Worobieff measured the indices with light of different wave-lengths. The 
optical character is negative. The coloured crystals are distinctly pleochroic. 
0. Doeltcr found the colourless euclase ac(piircs a soft blue tint when exposed to 
radium rays ; and pale green euclase became a shade darkt'r. Exposure to ultra¬ 
violet light bleaches these colours. With the exctqjtion of hydrofluoric acid, the* 
mineral is not affected by acids. 

P. Hautefeuille and A. Perrey ^ melted together a mixture of potassium 
hydroxide, beryllium oxide, silicic acid, and an excess of neutral potassium vana¬ 
date ; washed the product well with water and dil. alkali-lye ; and separated 
the crystalline copstituents by flotation in soln. of cadmium borotungstato of 
different sp. gr. They thus obtained what has been called beryllia-leitcile, 
KBe(Si 03 ) 2 , potassium beryllium dimeta^licate. They also claimed to have made 
other complex beryllium silicates with K.,0 :J5e20 : Sj02=-2 : 1*: 8 ; 1:1:4; 

2 :1:10; and 1:1:5. They afso obtained icositetrahedral crystals of beryllia- 
leucite by rapidly heating the constituents to a high temp, and cooling slowly. 
They assumed that in these complex salts the be-yllia can replace alumina and also 
ferric oxide, and that it is a sesquioxide ; so ^at ii^ some cases beryllium oxide 
functions as a monoxide like magnesia, and in other cases, as a sesquioxide like 
alumina. The evidence is not satisfactory. * 

The history of beryl in its bearing on the evolution of otfr knowledge of the, 
element; beryllium has already been discussed— 4. 28,1—and various analyses of 
the mineral were indicated at the same time. T. Uemura * found a Japanese beryl 
containing beryllium, calcium, sodium, magnesium, scandium, silicon, aluminium, 
and iron, but no chromium. • . * 

W. Vernadsky applied the term iwrofiyevite, wonibieffteoiworobyemU —after M. Vorobyey 
—to csDsia-beryl. G. F. Kunz called r§se.red be^l morjronffe—after J. P. Morgan. The 
terms aquamarine, emerald, and tmaragd applied to beryl have already been discussed. 
T. Thomson called a greenish-yellow beryl from Aberdeen, davideonite,; C. U. 8tiepard, 
a colourless or white beryl from Goshen, Mass., goehende ; A. Grattarola, a slightly altered 
rose-red variety from Elba, roeierite -—after G. Koster; and A, Atterberg, and J. J. Berteliua, 
an altered variety, peeudaemaragd or peeuefiemerald. A. Eppler investigated a yellow 
beryl called hdwdor containing 0‘58 per cent, of ferric oxide ; it became luminous in the 
cathode taya • 
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C. F. Emmekbeig aammarized the analyses by the formula BeAl^Si 0 
E. T. Allen and J. Clement found the small proportion of water in beryl is exptdd 
very slowly on calcination, and they assumed that the water is dissoliKd in tk 
mineral. S. L. Penfield, however, argued that (the, approximately, 2 per cent, of 
watgr is chemicalJj combined, apd wrote the formula R^R^ieAIiSijiOsj. T. Uemura 
wrote the formula 4Be0.Al203.4Si02. W. Vernadsky supposed that in beryl 
there is a nucleus of a mineral MBeAl2Si40i2 associated with nBeSiOj. F. W. Clarlic 
considers some of the methods of syn^iesizing beryl, the alteration of beryl into 
mica, and the common changes which occur involving the replacement of beryllium, 
do not agree with the formula Be2(Si308)2Bc(A10)2; but rather with the meta- 
silicate formula of beryllium dialumininm hexamefaElicate, Be3Al2(Si03)a; 

I • 

Be<glQ’>Alv<3iO,.Bc.SiO,.Al<|Q*>Be 

Biiryl is commonly found in pegmatite veins, and ako in clay slate, and in 
mica schists. J. J. Ebelmen '> found that if beryl be dissolved in fused boric oxide, 
crystals of beryl separate out on cooling or on volatilization of the boric oxide. 
H. St. {1. Devillc treated a heated mixtdre of alumina and bijryllia with silicon 
tetrachloride, and obtained, not beryl, but a silicate with the composition 
6 Bc 0 .r) 8 i 02 . P., Hautefcuille obtained beryl by fusing a mixture of alumina, 
beryllia, and siiica, using lithium molybdate as a flux and ayent mifuralisatetir ; 
with potassium vanadate as a flux, beryllia-lcucite, K 2 Be 3 Si 40 i 2 , was formed. 
H. Traube treated a mixed soln. of aluminium and beryllium sulphates with sodium 
niietasilicato; and crystallized the preeijiitate from a soln. of fused boric oxide. 

It is assumed above that since the start was made with a raetasilicatc, the same 
kind of silicate is obtained at tlu! end. 

Beryl usually occurs in long j)risiuatic cry.stals, but rarely in tabular crystals. 

(t. F. Kunz 0 found a large crystal of aquamarine weighing 110 5 kgrnis., at Marain- 
baya, Brazil. A beryl from Grafton, Mass., weighed 2900 lbs., and measured 
4 ft. ins. in one direction, and transversely 32 ins.; and another weighed nearly 
2J tons. A. Lacroix discussed the beryl crystals from Madagascar. Beryl 
occasionally occurs in compact, columnar, or granular masses. The colour may 
be emerald green, pale green, light blue, yellow, rose-red, or white. \V. Hermann 
attributed the colour to iron oxide; and G. 0. Wild and R, K. Licsegang found 
the emerald-green varieties owe their colour to chromium; but the other varieties 
have no chromium, but po 8 se.sa an iroq content nearly proportional to the colour 
intensity. Rose-beryl is thought to be coloured by cerium—eide quartz. The 
crystals belong to the hexagonal system ; and, according to N. von Kokscharoif, 
have the axial ration : e---l : O'lOSSbb. The crystals were studied by R. Scharizer, 

H. Panebianco, G. Anderson, R. Fcllinger, H. Rubens, H. Ungemach, P. Siedel, 
W. F. P. McLiutock and T. G,, F. Hall, H. Thiene, A. Lacroix, L. Duparc 
and co-workers, A. S. Eakle, 0. Dreher, C. 8 . Middlcmiss and L. J. Parshad, 
W. E. Ford, B. Kaiser, 0. Amlerson, E. Romanovsky, H. Reis, P. von Jeremejeff. 

E. 8. Dana, 0. Lehipann, G. A. Kenngott, F. Hessenberg, G. vom Rath, P. Groth, 

A. d’Achiardi, C. Busz, W. Muller, 0. Struver, A. 8 chrauf, M. Webskyj P. von 
Jereinejeff, W. E. Hidden, and 8 . L. Penfield. The deavage (OOtH) is imperfect 
and iiulkstinct. The crystals are sometimes striated vertically, rarely trans¬ 
versely. P. von JeremejeiT has discussed the twinning of the crystals of beryl. 
Beryl is often optically anomalous and may appear to bo biaxial. This subject 
has been investigated by D. Brewster, J. Babinet, W. F. Salm-Horstmar, 

A. Breithaupt, A. Madelung, A. des .Cloizeaux, F. Pfaff. E. Mallard, B. Bertrand, 

F. J. Wiik, R. Brauns, B. L^v}^' A. Schranf, A. N. Karnojitzky, A. Grattarola, 
and J. Hirschwald. L. Duparc and co-workers found that a beryl from Mada¬ 
gascar had the optic axial angle 2B=2° 34', and 2£!=10° 12' for Na-light. 

H. Bucking studied the effect of press, on the axial angle ; C. Doelter, and A. Offret, 
the effect of heat; and F. Pockels, the efiect of heat’and press. The corrosion 
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flgnres were studied by P. J. Wiik, E. C. Hills, W. Pettersson, H. Trsube, 
A. Arzruni, K. Vrba, W. Koblmann, A. P. lioness, C. Anderson, and S. L. Pen- 
field. Tile X*radiogtam was investigated by F. Rinnc. The speoiflc gravity of 
beryl ranges from 2'6-2;9; L. Daparc and co-workers obtained numbers ranging 
from 2’7n6-2'8808; knd A. Piutti, numbers fregn 2'628-2'886. A. II. (!l^urch 
gave for aquamarine, 2 702. \V, E. Ford studied the rise in tie sp. gr. with increasing 
proportions of alkalies. The hardness is 7-8. Aecording to ll. Vatcr, the eoell. of 
elasticity increases w'ith increasing load* but with an alternation of loading, 
there is a eteady decrease. W» Voigt found in directions 0°, 45°, and 00", to the 
chief axis, the coeli. of elasticity 21050, 17960, and 23120 kgrms. per sq. mm, re¬ 
spectively ; and the modulus of torsion, parallel and perpendicular to the chief 
a,xi8,6666 and 8830 kgrms. per sq. mm. He also found fhe coeif. «f compressibility 
to be j3r=0 0875, or 70 times smaller than with«wuter; E. Madelung and H. Fuchs 
gave ^=:00,pl (p=125 atm.), * 

F. Pfaff found the coclf, of thermal expansion of beryl to be a^o t)0(KK)17214 
in the direction of the c-axis, and a - O Ojl.'llO in tbt direction of the u-axis; or, 
for the coeff. of cubical expansion, O'Os^OO. II. Fizeau gave at 10" parallel (o the 
chief axis, a -OO^lOil; and per|H‘iidieiilar to that axis, a -OOsKW ; or* for the 
coeff. of cubical ex])ansion at 40", OO 5 I 68 . The niaxnnimi density lies at' 
—42"; II. I’anebianco gave ---47" for this temp. A. Offte^ Jrmnd that unit 
vol. at 0° became 1 000743 at 500". .'Iceording to K. Benoit, the (! 0 (df. of linear 
e.xpansion atff" is a —-(1304'9 - 8'06tf)10"“ parallel tothe chief axis,and a (!I93'7 
~|-9’3108)10~“ perpendicular to that axis. H. dc Senarmont found elliptical 
melting figures were obtaiueil by the experiment described 1. 11,5, Fig. 18. Accord¬ 
ing to E. Jaunetaz, the ratio of the sq. roots of the thermal conductivities ))erpendi 
cular and parallel to the chief axis is 1:0'92. J. Joly gave 0'2060- 0 ‘2127 for the 
specific heat of different samples of beryl; P. E. W. 0 ebcrggavc 0 1979. A. Brun 
gave 1410"-1430" for the melting point of beryl from Limoges. A. 8 . Wafts 
found the softening temp, of mixtures of ground microcline and beryl, ami of • 
orthoclaso and beryl. ,f. Joly found that yellow and green beryls became colour¬ 
less at 357°. C. Doelter found that a higher temp, was needed for aipiamarine; 
green beryls became paler but W'crc not decolorized by heating in oxygen or in 
reducing gases. E. Newbery and H. Lupton found that"a green beryl became blue 
after it had been honted by the Bunsen flame. 

The index of refraction of beryl has been measured by F. Kohlrausch, A, des 
Cloizeaux, J. C. Heusser, J. Danker, H. Dofet, B. Jezek, A. Offret, L. Diiparc and 
co-workers, E. Rengade and A. Lacroix, and L.'Maddalvug. The results vary 
for Na-light from (u-4'57l~l'6033; and from c-l'566-l'.5y.5,5. W. E. Ford 
found that with increasing proportions of alkalies, the index of refraction of most 
minerals is reduced, but, with beryl, the'conveise rule obtains; cicsia, on account 
of its high mol. wt., exerts an overpowering iiinuenci*. A. Sebrauf measured the 
effect with different spectral lines. L. Duparc and co-workers found that with 
Li-ligkt, € varied from 1-5728-1 5740, and to from 1-6787 IbSOS; with Na- 
light, t varied from 1-5756-1-5831, and to from 1-5818-1-5899 1 and with Tl-light, 

« varied from 1-5791-1-5864, and to from 1-5860-1-5931. A. Offret found the 
effect of temp, to be as follows: 


20 ” 1 “ 
320-4” 1“ 


Ll-tsy. * Ns-ray. 

I-670980 1 674013 

1-606060 1 669027 

1-6760816 1-6^8219 

1-669887 • 1^)72936 


preen Cd-ray. Blue Cd-ray. 
1-676670 1'680448 

1-571497 1-676348 

1-580862 1-684904 

1-676439 1 679306 


H. Dufet represented the change which occurs by raising the teinji. to 6 °, 
8to/80xlO»=189-4-lO-34d-|-O-273502; and 10ti=180-3-10-314^+0-273502. 
The double tdraction is not strong; L?Duparc and co-workers obtained to—€ 
=0-0081-0 0084 ; and H. Dufet gave for the effect of tcmii., 8(to—«)/8d- 0-0(91- 
0-0(268. The optical charactb is negative. ^ W. E. Ford, and A. Lacroix studied 



the effect of increasing proportions of alkalies on the onticaJ « 
crystals are pleochroic. This subject was discussed by G. Tscbemar^’ 
found a liervJ from West Africa showing a distinct asterism anH 
eye effect W. [erimdsky {o)ind the crystah to ie 
to L, Sohnke, the crystals are^horescent, but J. SdhincakUa coniA 
fc E. k ;,ta /„d m. 

adim ay,gm,l«bkmM,k tbemolimmmm which cppuLl It 
on the basal planes. S. C. Lmd and R OtBardwell found no ffuoreseenee or cbanl 
of colour by exposing aquamarine or emerald to ‘a-iays. A syntbetie emerald 
which had been exposed to radium radiations for 10 dap gave a faint green 
tbermoluminescence at 200°. E. Engelhardt observed 'some crystals have a pale 
green fliiorescence' in ultra-violet light. C. Doelter observed no fluorescence in 
ndiwo rays, but on exposure the Colour darkens a little. He also found that 
beryl is opaque to the X-rays, and aquamarine was (tarkened a little by 
exposure to X-rays. (,'. Baskerville and G. F. Kunz found that a rose-coloured 
beryl became cherry-red by the action of X-rays. V. Goldschmidt and R. Brauns 
studied the origin of a circle of light found on aquamarine from Brazil. W. G. Hankel 
found the pyroelectricity of tln^ crystals to be small. .1. 'Curie found the 
dielectric constant to be O 24 i)arallel to the optic axes and 7 58 perpendicular 
to that direction ;.. W. Schmidt gave 5 55 and fi 05 respectively. The para¬ 
magnetism was investigated by J. I'lUcker; and W. Voigt and S. Kinoshuto 
investigated the magnetic susceptibility. 

Beryl is insoluble in acids other than hydrofluoric acid. G, A. Kenngott ^ found 
that the moistened and ])owdered mineral shows no reaction with litmus, but it 
reacts distinctly alkaline, after calcination. According to J. Lemberg, when beryl 
is digested with a 12 per cent. soln. of sodium silicate at 200°, up to about 11) per cent, 
passes into sodium silicate decomposed by hydrochloric acid. The transforma¬ 
tion of beryl into kaolinite and muscovite has been discussed by H. Muller, A. Grat- 
tarola, A. Damour, and A. Atterberg. 
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1913; j. Sehabus, ib., 8. 607,18,52; Dents. Akci. Wien, 6. 57,1864; Pogg. Ann., 88.608,1853; 
V. D6rrfleld, Zeil. Kryst., 48.'691, 1909 ; 47. 691, 1910; 0. S. Weiss, Uebei die KryslaUsyslem 
des Bukhases, Berlin, 1841; SitAer. Akad. Berlin, 249, 1841 ; FerA Oes. Nat. Freunde. Berlin, 
110, 1820; N. von Koksoharoff, MateriaUn zur MineraUigie Russlonds, St. Petersburg, 8 97, 
1858 i 4. 100, 1866; 10. 104, 1889; Pogg. Ann., 103. 348, 1858 ; A. I,evy. Bdin. Phil. Journ., 
14. 129, 1827; Description d'une colUetion de miniraux forrnie par H. Beuland, Londres, 2. 
88,1838; W. U. Miller, Introduction to Mineralogy, I/indon, 136,1862 ; V. Goldschmidt, Index 
der KrystaUformen der Mineroiim, Berlin, 1. 686, 1886; F. Becke, Tsehermak’s Mitt., (2), 4. 
147, 1881 ; E. Hussak, ServifO Oeol. Min. Brazil, 11, 43, 1917; Tslhermak's Mitt., (2), 18. 
473. 1892; R. KOehlin, >6., (2), 24. 3'29, 1905; (2), 31. 632, 1912; Ann. Hofmuseum, 1. 237, 
1836; L. J. Spencer, Min. Mag., 20. 186,1924. 

• P. HautefeuiUc and A. Perrey, Corript. Rend., 107. 786, 1888, 
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B F. RanimoUberg, Uanilmth ier MiiumkimSf, Leipzig, 2. 278, 1895 j £. T. Allen end 
ent, Am«r. Journ. Science, (4), 26. 101, 1908; S. L. Penfield, 5., (4), 28. 15, 1881; 
i«#ky, Trm. MuMe OM. St. Petaraburs, 2 81,97?, 1908; F. W. Clerke, Tht Coiteliln- 
lie Satvml Silicala, Wnahington, 81, 1914; A. Eppler, Vnuclum, 84. 497, 1920; 
am, Jaun. Jafan Vkem. Soc,,«4S. 48,1922 ; 44. 290,4923; G. F. Kunt, Amer. Journ. 
(4), 81. 81,1911; •r Thtgnson, Ovtlima o/ Mineralo^, Otology, and Mintral Analyeia, 
London, 1.247, 1836; G. GratUrole, Jliv. Bcienl. lnd.,ti. 623,1880^ ZtU. Afreet., 5. 603,4882; 
C. U. Shepnrd, Trtaiiu on Mineralogy, New Haven, 1. 143,1844; J. J, Beraefius, Afhand. Fye. 
Kern,, 4. 192,1816; A. Attecberg, 0^. F6r. Fiirk. SladMm, 2. 406,1872. 

* J. J. Ebelmcn, Am. CUm. Phgi., (3). 22 237, 1848; P, Haotefeuille and A. Petrey, 
Compl. Ateigl, 106. 1800, 1888; 107. 786, 1888; H. St C. Deville, ib., 62. 780, 1801 ; 
H. Traube, .Veaee Jahrb. Min., 1, 276, 1894; J. J. Bereeliua, Ann. Chin. Phya., (2),‘10. 278, 
1819. 

* B. Sohariicr, Jahrb. gedC. Reichaanet. IVten, 30. 693, 1880; H. I’anebianoo, Alii Id. 
Veneto, (6), 6. 387, 1887; Riv. Min. Uriel. Hal., 38. 3, 1909; *G A. Keiingott, Vebtratchl drt 
Remllalf mineralagisclur Vorxhanqm, Wien, 126,1866; F. Hesaenbeig, Mincrakigmhe Rolizen, 
Franklurt, 6. 28, 1863; A. d’Achiardi, Nmvo Cimniln, (2), 3, 297, 1870; Mimrulogin della 
Toacana, Plea, 2. 69, 1818; G. d'Acbiardi, Proc. Sot.. Toscana, 14. 76, 1904 ; G. vt»m Bath, 
Zfit. deal. gtol. Oil., 22. 061,1870 ; Her. Reidtrrh. 6V». Bonn, 264,1886; P. G?)lh, '/.fit. Krysl., 
6. 490, 1881 ; C. Busa, ib., 17. 662, 1890; W. Muller, i6.; 14. 76, 1888 ; 0. Striiver, Hind. 
Accad. Linrei, (4), 3. 401,1887 ; C. Anderaiui, Hi-c. .■tnalraUan Mnsium. 18. 1,1920 ; A. S<'brauf. 
Altae der Kryslatiformen dta Minmdrrirhs, Wien, 33, 1871 ; Silzbrr. Akad. Il'irn, 66. 246, 1872 : 
flandbucii dn MdelJeinknndt, Wien, 136, 1809; M. Welixky, Tsrhermak’s Mill., (4), 6. 117, 
1870; J. llirachwald, ib., (1), 6. 239, 1876; N. von Kokwiiaroff, MaUriakn znr Mintralogie 
Rasalanda, St Petersburg, 1. 102, 1864 ; 8. 76, 1868 ; 8. 223, 1883 ; 4’. von Jemiiejcff, Pror. 
Auee. jWin. Soc„ 14. 267, 1879 ; 29.230,1892 ; 33.20,1906 ; 35. 68,1*97»; H. Hoinanovsky, 
ib., 85. 63, 1897 ; W. E. Hidden, Amer. Journ. Science, (3), 22. 489, 1881; (3), 24. 3i2, 1882 ; 
(3), 32. 483, 1886; W. E. Hidden and H, S. Washington, ib., (3), iS. 601, 1887 ; E. S. Dana, 
ib., (3), 32. 484, 1880; S, L. Penfield, ib., (3), 38. 317, 1888; (3), 40. 488, 1890; W. E. Ford. 
ib., (4), 22. 217,1906 ; (4), 30. 128, 1910; C. S. Middlemiaa and L. J. Parahad, Rec. Oeol. Sur. 
India, 49. 101, 1918; G. Techermak, Ijthrbuch der Mineralogie, Wien, 190, 1894 ; K. Brauns, 
Die oplisckcn Ammalien der KrystaUe, Leipzig, 193, 1891; E, Mallard, Rxplicalion da jihino- 
mines tepliques anomaux que. presenlciU un grand ntmhre des sidnstancen cristallisict, Paris, 148, 
1877 ; Ann. Mines, (7), 10. 148, 1870; 0. Droher, Centr. Min., 338, 1912; E. Kaiser, ib., 
385, 1912; F. Kohlrauseh, SUzber. Phys. Med. Ois., 12. 103, 1877; F. M. Stajilf, Zut. pralt 
(leal., 1. 244, 1893; J. Danker, A'cwes Jahrb. Mtn. B.B., 4. 209, 1880; V. Goldschmidt and 
R. Brauns, ib., 31. 220, 1911 ; H. Traube, ib., 10. 404, 1896; F. Pockels, ib., 8. 217, 1893;' 
W. Kuhlmaim, it, 25. 135, 1908; W. Voigt, i6., 5. 84, 1887 ; Wied. Ann., 31. 474, 701, 1887 ; 
34. 981, 1888 ; 35. 042, 1888 ; 39, 412, 1890 ; 41. 712, 1890; W. Voigt and S. Kinoshuto, 
0611. Naehr., 123, 270, 1907 ; L. Duparc, M. tVunder, and It. Sabot, Mem. Sciences Oenivt, (3), 
38. 283, 1910; E. Newbery and H. Luptnn, Mem. Manehesitr Ut. Phil. Soe., 62. 10, 1918; 
L Maddalena, AUi Acatd. lances, (6), 21. i, 033, 1912 ; A. Offret, Bull. Soc. Min., 13. 601,1890; 
P, Barbier and F. Gonnard, i6., 33. 74, 78, 1910 ; E. Bertrand, i6., 2. 31,1879 ; H. Dnfet, tb., 
8. 202, 1885; (K. penolt, vide H. Dufet); E. Jannotaz, Compt. Rend., 114. 1382, 1892; Bull. 
Soc. Min., is. 133, 1893; E. Renegade and A,Lacroix, ib., 34. i24, 1911; H. Biicking, Zeil. 
Kryst., 7. 603, 1883; H. Vater, ib., 11. 583, 1880; A. dj. Karnojitzky, ProctRuss. Min. Soc., 
27, 1, 1891; Zeil. Krijsl., 19. 211, li*H; G, Grattarola, Riv. Sc^n*. Ind., 12, 423,1880; Zeil. 
iCrysl.,5.503,1881 ; 0. Irfhmann, i6„ 11. Oil, 1880; K. Vrba, i5.,24.104,1894; A. Madelung, 
it, 7. 76, 1882; A. H. Ghurch, Ocol. Mag., (1), 2. 322, 1«76; H. Fizeau, f.W. Rend., 62, 
1101,1133,1866; Ann. Chim. Phys., (4), 8. .335, ISOO; P, E. W. Oeberg, ffl/wrs. Akad. Fdrh. 
Stockholm, 8, 1885; F. Pfaff, Pogg. Ann., 107. 148, HI59; W. G. Hankcl, ib., 167. 101, 1870; 
H. Knoblauch, i6., 83. 289,1^1; SUzber. Akad. Reran, 271,1851; 37.101,1914; A. Lacroix, 
MiMralogie. de France el de see colonics, Paris, 4. 809, 1910; Bull. Soc. Min., 31. 234, 1908; 
33.3*11910; 34.123,239,1911; 36.180,1912; W'. Schmidt, Ann./'Ayeii, (4), 9. 919, 1002 ; 
A. Mlethe, ib., (4), 19. 623, 1906; C. Doclter, A'enes Jahrb. Min., ii, 217, ISHi ; ii, 90, 1896; 
Das Radium und die Farben, Dresden, 78,1910; J. Curie, Ann. Chim. Phys., (6), 17. 385, 1879; 
(6), 18. 203, 1879; R. C. Hills, Proc. Colorado Scient. Soc., 3. 191,1889; A. Bnin, AreJ. Sciences 
Oenivt, (4), 12. 262,1902; E. Madelung and R. Fuchs, Ann. Physik, (4), 46. 289, 1921 ; J. Joly, 
Proc. Roy. Soc., 41.260,1887 ; B.A. Hep., 684,1888; D. Brijwstcr, Phil. Mag., (4),25.174,1863; 
A. Arzruni, Proc. Russ. Min. Sbc., 81. 165, 1894; W* Hermann, Zeil. anorg. Vhem., 60. 369, 
1908; C. Anderson, Rec. Australian Museum, 5. 300, 1904; L. Sobnke, Zeit. Kryst, 30. 019, 
1899 : W. Vernadsky, ib., 50. 73, 1911 ; Trav. Mus. Oeol. St. Petersburg, 2. 81, 1908; Kents 
Jahrb. Min., 1, 381, 1912; H. Tbiene,*i6., i, 97,*1909; J. Schincaglia, Kuovo Cimenlo, (4), 
10. 212, 1899; (4), 11. 299, 1900; A. Afterbetg, Oeol. For. F6rh. Stockholm, 2. 405, 1874; 
B. Engelhardt, Lumineszentascheinungen der MineraMen im uUtaviokUen lAcht, Jena, 26, 1912; 
A. 8. Eakle, BuU. Dept, Oeol. Univ, California, 6.6,89,1907; p. F. Kunz, Amcr. Journ. Science, 
(4), 3L 31, 463, 1911; *0. Baskerville and G. F. Kunz, ib.. (4), 18. 26, 1906; Science, (2), 18. 
769, 1903; H. Reis, Trans. Keiv York Acad.,*li. 329, 1897; A. Piutti, Radium, 11. 1, 1913; 
F. J. Wnk, Fins*. Fef. Soe. Fbrh., 27, 1886; Zeil. Kryst., 12. 616, 1887; W. Petersaon, it, 
1(. 98,1891; Akad. Bandl. Sloikholm, If. 1, 1889; S. C. Lind and D. C. Bardwell, Amer. 
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Min.t 8. 171» 1923 ; Journ. Franklin Irut'., 196. 375, 1923 ; G. 0. Wild aod B. £. Liesegang, 
CerUf. Min.t 737, 1923; F. Rinne, her. Sachs, Ges. Wiss.^ 67. 303, 1916; Neues Jahrb. Min.^ 
ii, 47,1910 i W. F. P. McLintock and T. C. F. Hall, Min. Mag., 16. 294, 1912 ; H^de S6nar- 
mont, Cmpt. herd., 26. 469, 1847; B. L6vy, ih., 46. 877, 1867; i4nn. Chm. Phys., (3), 53. 
7,1868; J. Babinet, Pogg. Ann.f.4i. 126,1837 ; J. 0. Hcusser, i6., 87. 468,1862; W. F. Salm* 
Horetmar, t6., 84. 616, 1861 ; 86.145,1852; A. BreithaupWft., 12^. 329; 1864; T. Plucker, 
ib., 91. 1, 1864; A. dos ^loizeauxf Manuel de miniralogie, Paris, 1. 366, 1862; NouvelUs 
rechetches sur lea propnhfa o^^iqnea dea crialaux, Paris, 622, 1867 ; B. Jezek, hozpravy Ccak^ 
Akad., (2), 80. 36, 1921; B. Fellinger, Ann. Phyaik, (4), 60. 181, 1919; A. P. Honess, Amr. 
Joum, Science, (4), 43. 223,1917; P. Biedei, Nfitea Jakrh. Min. B.B., ££. 769, 1916; H. Rubens, 
Zeit. Phyaik, 1. 11,1920; H. Ungemach, Bull Soc. Min., 83. 376,1910. 

’ Q. A. Kenngott, Neuea Jahrb, Min,, 780, 1867; J. L^tnberg, Zeit. deut. geol. dea., 44. 240, 
1892 ; H. Muller, Ber. Zool. Min. Ver. Regensburg, 6. 33, 1862 ; Journ. prakkt. Chem., (1), 
68. 180,1863; A. Atterberg, Geol. Fdr. Fork Stockholm, 2. 406; 1872 ; A. Hamoor, Bull. Giol. 
Soc., (2),.7. 227, 1860; G. Grattarola, hiv. Scieni. Jnd., 12. 423, 1880; Zeit. Kryat., 6. 602, 
1881. 


§ 46. Magnesium Aluminium, Thallium, and Rare Earth Silicates. 

H. Abich 1 observed that one part of 'spinel intimately mixed with 1 2 parts 
of silica, Tuses to a grey mass which does not adhere to the platinum crucible, and 
is not attacked by the strongest acids. It is decomposed by fusion with potassium 
carbonate. W. lleldt fused a mixture MgO : AI 2 O 3 : Si 02 =l: 3 :3; P. Berthicr, 
mixtures 3:1:3, and 3:1:6; N. 6 . Sefstrora, 3:1:3; and L. Bourgeois, 
12:2:9, and 2:1:6. J. Lemberg replaced part of the calcium in many calcium 
aluminium silicates with magnesium, by digesting them in a sola, of a magnesium 
salt. Ii. Mackler, A. E. Hottmger, L. E. Barringer, G. Flach, and R. Kieke studied 
the effect of heating mixtures of china clay and magnesia, with and without quartz 




Fro. 181.—Equilibrium Diagram of the Fio. 182.—Meltmg-point Curves of the 
Ternary System: J!dgO-Al,0,^iO,. Ternary Mixtures ; Mg0-Al,0,-ti.'0,. 

addition. The magnesium aluminium silicates are not so numerous as those of 
calcium. The ternary system MgC-AljOj-SiOj for dry melts of the constituent 
oxides has been explored by G. A. Rankin and H. E. Merwin,** and the results are 
summarized in Figs. 181 and 182. The latter shows the m.p. of all ternary mixtures 
of these oxides. The binary compounds have been discussed elsewhere. The 
sole ternary compound is represented by cordierite, 2 Mg 0 . 2 Al 208 . 58 i 02 , now to be 
considered. A. Meissner, and P. Niggb, described the ternary system. 

E. von Schlotheim * referred to a blue mineral from Cabo de Gata as Spanith 
Imdite. A. G. Werner, and D. L. G. Karsten called it iolile —from lov, violet— 
klBot, stone ; L. Cordier called it diehrotia-dlxpoia, double ciSloured—in allusion 
to its dichroism; J. Gadolin, shinheilite —after C. A. Steinhoil; Y. Kikuchi, cera- 
site —from Kipaaoi, cherry—iu allusion to the Japaaoae name of cherry-stone 
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for the rock containing the altered mineral; and C. A, S. Hofmann, ycliowic—from 
nfXtik, livid—in allusion to its smoky-blue colour.. J. A. H. Lucas, and 11. J. llatly 
finally adapted the term cordieiite because names derived from the colour arc not 
always applicable, and dichroismais found in many ether minerals. L. Cordicr, 
and C. C. von Leonhatd shewed that peliome and dichroite ate identical; and 
F. Stromeyer ♦ that stenheilite and cordicrite are the same.* * 

Early analyses were made by C. G. Gmelin, R. BrandeS, and F. Stromeyer. 
Numerous analyses have been since mad*-, and from them C. F. llammelsborg 
calculated ethe formula! R" 2 A 1 , 050 j 8 and K" 8 Al 0 Si 8 O 28 ; 0. C. Farrington, 

(Mg.FeliAIgSijoOjj.HjO; A. Osaiin, (Mg.FeljlAIFe^SigOig; W. B. iliddeu 
and J. H. Pratt, (Mg,Fe) 4 Al 8 Siio 03 ().H 20 ; P. Oroth, (Mg,Fe) 4 ( 0 H) 2 Al 8 (Si 207 ) 5 ; 
and E. A. Wulfing and L. Oppenheimer, Mg3Sl8Si8028'- I'be best represent alive 
value i» Mg 2 Al 4 SijOi 8 . The latter formula agrees with the work of G. A. Rankin 
and II. E. Metwiu. t'^rdierite may then be represented as magnesium dialu^l* 
aluminium orthopentasilicate, Mg 2 Al 2 (AlO) 2 Si 5 O, 0 . The analyse* of cordieritc 
have up to 2’5 pet cent, of water. Most observers consider that the water is due 
to the partial alteration of cordieritc by weathering. M. Weibull found that the 
cordierite he invostigated contained the hydrated silicates, muscovite, l^ile, and 
kaolinite, which could be detected microscopically; and he considers that the 
mineral itself is anhydrous. 0. C. Farrington, and F. Zambonini observed the loss 
of water at different temp. The latter found with two different samples: 


125* 

206“ 

256* 

300° 

350° 

400“ 

480° 

o;)5 

0-45 

0-50 

0 00. 

OGO 

0-76 

0 95 

0 08 

013 

0-23 

0-27 

- 

034 

~ • 


F. Zamboniui, and F. W. Clarke think that the water is an intrinsic part of the 
mineral. F. W. Clarke writes the formula : 


ALMg^UOj 
Al.Mg Si20, 


XAlOHIiSi^O, 


,Si20,;I 

SCO; 


AlMg 

AlKo 


Since the proportion of water varies from sample to sample, and anhydrous 
Cordierite can be obtained synthetically, it is assumed that cordieritc itself is not 
a hydrated silicate.. 

Cordieritc is found in a great variety of rocks—both eruptive and metainorphic 
— i.g. gneiss, grdniti', basalt, porphyry,, trachyte, dacite, andesite, etc. It is 
thought to have been formed by crystallization l»m the fpsed magma after biotite 
but before the felspars. This subject has been discussed by H. Bucking,® 
E. Hussak, J. Szabo, A. Harker, E. 0. Hovey, G. A. F. Molengraaff, A. Lacroix, 
A. E. Bergeat, K. Jimbo, etc. It Ims been found as a product of contact 
metamorphisifl. H. Bucking, and F. Zirkel, jjlr instonce, found it in sandstone 
vitrified in contact with basalt; A. Scott, in shale metamorphosed by contact 
with .^ssexite; and Y. Kikuchi, in slate in contac# with granite. R. Brauns, 
and A. Lacroix have also made observations on the formation of cordierite by 
pyroraetamorphic actions. C. Docltcr, E. Hussak, and L. Bourgeois made 
cordicrite by fusing a mixture of silica, magnesia, and alumina in proper propor¬ 
tions. J. Morozewicz obtained it in his experiments on artificial magmas super¬ 
saturated with alumina. When magnesia and iron were present in magmas of 
the composition R 0 .»iR 208 .nSi 02 , and n was greater than 6, cordierite was formed. 
G. A. Rankin and H. E. Merwin hav* shown the region of stability of this compound 
in the ternary system, MgC-ALOs-SiOj. Grystak are best obtained from melts 
in which it (or sillimanite) is the primary phdfce. This compound was found to 
be unstable at its m.p., and is considerably affected by solid soln. with the boundary 
compounds. Fig. 177.* There arc two forms. An unstable j3-C0ldierite crystallizes 
from glasses at temp, below about 950°; and at somewhat higher temp., it passes 
into stable o-COtdierite. Th* properties of both forms—but particularly those of 
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the o-fonn—ate clos? to those of the mineral cordierite. G. A. Rankin and 
H. E. Merwin added; • 

Aggregate* with the ternary compound as the chief constituent were prepared by 
heating for periods of 15 mins'to 5 hrs. at900'-1400* While tlie glass was heating, the /*- 
or uiwtable form of the ternary cqpipoimd began crystallifing at 900“ or less as fine fibres 
which radiated from points on the surface of the grains. At temp, of 925°-1160® this form 
inverted to the o-form. The inversion in different portions of the same charge, and in 
different aggregates from glasses of the same composition, had an extreme temp, range 
of about 200®. This range U mostly accourCed for in a lag in the starting of the inversion. 
When once started in a grain the inversion proceeded so rapidly that only in a few instances 
was a grain found, aftor quenching, to contain both forms. 

Cordierite occurs in short prismatic, six- or twelte-sided crystals, often with 
rounded edges; it also occurs massive, and in embedded grains. The colour is 
various shades of blue, .grey, yellow. The transparent blue pebbles of Cejlon are 
cut as gem-stones so as to' display the colour to the best advantage. As a gem¬ 
stone, pale blUe cordierite is known as mphir d’eau, and the darker varieties as 
lynx-sapphire. Blue corundum is harder and posseses a higher sp. gr. than cor¬ 
dierite. L. Cordier,® and R. J. Hally aaspmed that the crystals are hexagonal; 

F. Mohs showed that they belong to the rhombic system, and ’.V. H. Miller gave 
for the axial ratios a:b: c= 0 !)870!): 1: ()-.')583D. Observations were made by 
V. Goldschmidt,/.4e8Cloizeaux, 0. vom Rath, F. Tamnau, A. Breithaupt, A. L4vy, 
J. F. Hausmann, etc. F. Rinne studied the X-radiograms of cordierite. 

G. A. Rankin and H. B. Merwin found that tlie artificial crystals are advantageously 
studied when they occur in melts of higher refractive index, say in melts with less 
than 65 per cent, silica. The crystals were usually stout six-sided prisms with 
basal termination, and negative elongation. The prism angle was 120°, and basal 
sections gave, a nearly or quite uniaxial negative interference figure. In one case 
there was evitlence of rhombic symmetry. These crystals had the 120'’ prism, 
and the side and basal pinacoids corresponding to the faces on the other crystals ; 
they also had the front pinacoid and a second prism which bevels the edge 
between the side pinacoid and axial prism. Penetration twinning of cordierite 
is parallel to (110) and oft repeated, furnishing pseudohexagonal forms; the 
twinning parallel to (130) also furnishes pseudohexagonal forms. The faces (100) 
and (010) are sometimes vertically striated. The crystals often show a lamellar 
structure parallel to (001) especially when partially weathered. The cleavage 
parallel to (010) is distinct, and that parallel to (001) is indistinct. A. dcs Cloizeaux 
gave for the optic axial angle 2K=^39° 32'-84° 28; 2£=63‘’ 46'-126° 16'; 
and 2/f--82° 2l'. L. Drparc anu co-workers gave 2F—69".38'-7r 12'; A. Offret 
gavc2E=l]5° 38'; A. Osann, 2A'=86" 50'; and L. Oppenheimer, 2A'=70"30'- 
161" 34', and 2F from 40" 46'^7" 12' for Na-light. The axial angle was found 
to increase from 43" 36'-86" 34' as^the iron-content and sp. gr, decreased. A. des 
Cloizeaux found that raising the tc.np, increased the axial angle 2A' from 63" 66' 
at 8'8" to 71° 40' at 150'8" with the red ray. W. Klein found that 2E passed from 
68° 9' at 16° to 77° 43' at 205°. F. Rinne studied the X-radiograms of cordierite. 

The sp.gr. is between 2'581 and 2 660; when iron is present, the sp. gr. is higher; 
thus, E. A. Wfilfing and L. Oppenheimer obtained 2'625-2’628 with Samples 
containing about 12 per cent, of iron oxide. The hardness is 7-7i. A. Bran 
gave for the m.p, 1310". In Figs. 181 and 182, the mixture corresponding with 
MgjALSijOjs is outside the region’representing mixtures containing this compound. 
The compound dissociates when melted, and therefore has no definite m.p. 
C. Doelter and E. Hussak found that cordierite crystals were not changed when 
dipped in molten angite, Q. A. Rankin and H. E. Merwin found a ferruginous 
cordierite after heating half an hour at 1440°, consisted of glass and sillimanite. 

The indices of'refraction have been measured by A. des Cloizeaux, K. Zimanyi, 
A. Offret, A. Osann, A. Michel-Ldvy and A. Lacroix, etc., and the values range 
a=l-6320-l'5918: i8=l'5360-1-5970; and y=l'6390-1-5992, with Na- 
light. L. Duparc and co-workers found a=l'5359,'p=l'5414, and y!=l'5440for 
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Li-light; a=l'5392, ^=l-5443, and y=l'5475 for Na-light; and a=l-5423, 
j3=l'547^andy=l-5506forTl-!ight. L.OppenheimergaveforNa-lighta=l'5330- 
1-5520; p=l'5381-l’5599; and y=l'840fi-l-6610. A. Offret measured the effect 
of temp, and nature of light on thh refractive index, slid found : 
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. 1.593798 

1-594656 • 

1-596996 

1-599848 

1-603972 

^1313^ • . 

. 1-567920 

, 1-698875 

1-601180 

1-603918 

1-60M27 


. 1-596010 

1-596921 

1-.599189 

1-601980 

1-606316 

V 

X \313‘' 

. 1-600282 

1-601262 

1 603621 

1 608500 

1-610818 


G. A. Rankin and H. E. Merwin found that, the refractive iudicci of the artificial 
crystal^0=1-519, |3 and y=l-522; and a--V524, p and y=l-528. The bire¬ 
fringence of cordierite is feeblc.y— a=0-(X)47, y —P -0-(X)t3,audP— 0=01)058. The 
range for y—o is O-OlVo-0047. The birefringence found by G. M. Rankin and 

H. E. Merwin for the artifieial crystals y—o 0-(K)3-0-004. The optical character 
is negative. A. Beer investigated the absorption spectrum of cordierite witli red 
light. The effect <of ))olarized light was’described by D. Brewster, W. Ilnidinger, 
A. Berlin, T. Liebiseh, etc. A. Agafanoff imynsured the absorption spectrum of 
cordierite in ultra-violet light. The pleochroism of many coloured crystals of cor¬ 
dierite is strong. Observations were made by W. Haidinger, A. (ftann, H. Kosen- 
busch, and A. Offret. Crystals from (Ceylon gaveo,light yellow; p, deepViolet; 
y, pate violet; from Bodenmais; n, yellowish-white; p, milk-white; y, greenish- 
white ; from Simiutak : a, smoke-brown ; p, leather-brown ; y, honey-yellow ; 
and from Orijarfoi: a, clove-brown . p, dark Berlin blue ; and y, light Berlin blue. 
There are often plcochroic spots in cordierite in the zones of contact metamorphism. 
These are bright yellow with light vibrating parallel to the c-axis, and colourless 
with light vibrating parallel to either of the other two axes. The plcochroic haloes 
disappear when heated, and they arc absent in cordierite from igneous rocks. • 
They are thought to be produced by an organic pigment about the inclusions, 
but J. ,Joly has shown that in many cases, if not all, they arc caused by the radio¬ 
active properties of a particle in the centre of the halo. 0. Mugge produced colours 
of like tint by exposing cordierite to the rays from specks of radium—vide mica. 
0. Anscheles confirnsed the radioactive origin of these haloes by exposing the mineral 
to radium rays. M. Weber discussed the development of a plcochroic halo in 
zircon by contact*with a cordierite crystal, G. Hovermann, and M. Weber made 
observations on the, subject. E. Jleymond studiatl the ajtions of chlorine and of 
hydrogen chloride on cordierite. 

Cordierite is readily altered by exposure, so thatXhe mineral is most commonly 
found in an altered state or surrounded by a crust of altered cordierite. The 
alteration of ebrdierite has been discussed by V.fl. Claike.t A. Wichmann, W. Haid¬ 
inger, C. R. van Hisc, etc. The change may involve simple hydration as in the 
formation of fahlunite; some of the lime may be flsmoived by carbon dioxide; 
and iron oxide or alkalies may be introduced. Mica in soipe of its forms is a 
common product of the change and a number of pseudomorpbs after cordierite 
have received special namca. 

T. Soheerer reported a inineral from KaigarOe, Norway, which he named atpasiotitt 
—after <i(nra{o|ui, welcome—ahd it has been dUcowred byW Haidinger, J. K. Blum, 

F. 1'. Moller, F. Zirkel, A. Wichmann. A. Lacroix, etc. The sp.gr. is 2-764. P. A. von 
Bonsdorfl described a “ hydrated iol^ ” from gAbo, Finland. It was called aurcUile i 
and T. Thomson called it bomdorfm. W. Haidinger, J. R. Blum, A. des Cloizeaux, 
H. J. Holmberg, A. Lacroix, and F. J. Wilk haife made observations on the mineral. For 
eata$pilUe, vide mica. . C. T. Jackson described a mineral which he named chUmphyUHe — 
from xAw/><lr, green j ^tlAAos, leaf—and obtained Irom Unity,* Maine. Its sp. gr, was 2-77. 

It was diwuss^ by C. V. Shepard, W. Haidiager, P. Barbier, C. F. Rammelsborg, F. Gon- 
nard, C. Baret, M. F. Heildle, A. Wichmann, F. Zirkel, and 0. A Kenngott. _ A. Erdmann 
obtained a mineral which he named eetnarkite, from Briikke, Norway. F. Piaani regarded 
it as a soapolite; and W. Hludinger, F. P. MOller, A. Lacroix, J. J. Berseliui, and 
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J. R. Blum, 08 an altered curdierite. (V. Hisinger obtained a mineral which he named 
fahlumte from h'ahlun, Sweden; J. F. L. Uausmann called it tridmite in allusion to the 
three cleavages which are in part'duo to the original cordierite. It waa de^ribed by 
B. J. Haiiy, J. R. Blum, F. J. Wiik, A. W'ichinaim, and W. Haidinger. The minerals 
gigmtolile and gongylUe are discussed in connection* with mica. L. F. Svanberg found 
a mineral which he called gwppiie at Oropptorf, Swedeij, It was discussed by A. des 
Cloialaux, G. Tschermak and Hf Fischer. T. Thomson described a mineral occurring 
near Bake Huron, and jie called it huronite. J. I). Dana described it as an altered fahlu- 
nite i B. J. Harrington, as a decomposed felspar. L. F. .Svanberg’s minerals, iberile and 
ooeite, were described in connection with miga. C. P. Corlsson described a mineral peplolUe. 
from Ratiisberg, Sweden, os an altered cordierite. TJhe mineral jnnite is ijpscribed in 
conneetton with mica. 1’. C. Weibye described prismatic crystals of polgchrmlite —from 
noXvs, nuuiy; ypeui, colour—obtained from tiio gneiss at Kragertie, Norway. It was 
described by J. 11. Dana, and A. des Cloiacaux. A. Knbnaim found a mineral in the granite 
at Brilkke, Norway, and ho balled it prasiolite —from npiaios, leek-green. It was also 
described by W. Haidinger, 1’. C. Mljller, F. /irkel, F. Gonnord, A. Wiclunatjn, and 
J. R. Blum. N. Nordeiiflrj^ild found a mineral in tlie granite at Helsingfois, Finland; 
ho named it pyraryilhte —from vvp, lire ; opytMos, clay. It was I’escribed by L. l'\ Svan¬ 
berg, J. K. liluiA, A. Wichnianii, F. d. VViik, and A. Lacroix. A. von Bonsdorff obtained 
from Raumo, Finland, a mineral wdiicli ho called raumite, and which A. FI. Nordonskjold 
showed to bo like prasiolite. 11. G. T. Wachtraeister found a mineral at F'ahlmi, Sweden, 
which he named uierssife -after C, S. Weiss, It'was discussed by W, Haidinger, S. Tennant, 
and d. D* Dana, A. llnisoiii* described a rhombic mineral from Volpedo, Piedmont, 
which ho called zibidmnUe, its cuiiiposition i.s 5.MgO.Al20,,.t>SiO,,4Hd). A. N. Wincbell 
described a mineral flkim Bingham, Glali, winch ho culled raeewimte. It is hydrated 
calcium ferric ahiiAmiihii silicate of sp, gr. 1 114 I'DS, 

J. Lorenzea* dpscribed a mineral from Fiskernas, Greenland, whitdi ho called 
komerupine—after M. Korneruii—and A, Sauer independently described a mineral 
from Waldheim, Saxony, which he called prismatim. The two descriptions 
are so much alike dliat N, V, Ussiiig said that it can hardly be doubted that they 
refer to the same mineral 3 pecie.s, The analyses correspond approximately 
with the formula MgAij,SiOg, or magnesium al uminium aluminatorthosilicate, 
.41 SiO^—MgAlOa; although J. Uhlig’s analysis corresponds better with 
•NaH 3 Mg(jAljj 8 i 70 |o, which F. W. Clarke regards as a heptaorthosilicatc; and 
for the simpler analysis, ho gave tAI=Si 04 ) 2 =Al—Si 04 =(MgA 10 |;) 3 . It is 
assumed that augites (i/.n.) are mixtures of silicates in isomorphous association 
with silicates of this type. A. Lacroix and A. de Gramont represented komerupine 
as a boriferous mineral, Mg8j(Al,Fe,B)0( 12 ( 8104 ) 7 . C. Doelter, and J. Moro- 
zewicz prepared pryoxenes (q.v.) containing 73 per cent, of MgfVl^Sifle, but it was 
not found possible to isolate cither MgAl 2 SiOe or CaA^SiOe, sincii both decompose 
in molten duxes. C. Doelter and E. Dittler reported rliombic crystals of magne¬ 
sium aluminium alumipato-orttidhilicate, MgAl 2 SiOe, were produced by sintering 
a mixture of the constituent oxides. E. Fi.xek fused a mixture of magnesium 
niotasilicato, diopside, aliimink, and ferric oxide, and obtained mixed crystals 
containing 30 per cent, of the silicajb in qu'estion. Vide Z. Weyberg’s KAT'^SiOj. 
Komerupine occurs in colourless, white, or yellowish-brown fibrous’or columnar 
aggregate resembling sillimimite, and it shows prismatic zones ( 110 ), ( 100 ), and 
(010). The crystals belong to the rhombic system with the axial ratios (uAb: c 
—0’8C2:1to 0'864 :1according to N. V. Ussing. The cleavage is 
prismatic and well-defined. The optic axial angles are 2£~65J, 2F—37'’ 34' 
37° 7' for Na-light. According to N. V. Ussing, the sp. gr. is 3'273-3'341; and 
the hardness 6 ' 6 . The indices o.f refraction arc a=U6691, jS=l f)806, and y=i'6818 
for Na-light. The colonre'd orystiris are plcochroic. According to A. Sauer, prui- 
matine alters mto a fine fibrous mineral of a light green colour which he called 
cryptotite—irom Kpxmrk, hidden; riAot, fibre.* According to P. Groth, the com¬ 
position approximates HAlSiOi—oide »Mpra? 

C. d’Ohsson i® noted the occurrehco of a granular honey-yellow mineral in the 
limestone of Pargfcs, Finland; and he called it chondrodite—frpm xo*' 8 /«w, a grain. 
H. Seybert noted a similar mineral at S^rta, New Jersey, and he called it ma- 
efttreite—after W. Maclure. The analyses of maclureite by H. Seybert, and W. Lang- 
stal! showed that it is a magnesium fluosilicate. 'He presence of fluorine was 
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overlooked by C. d’Ohsson. P. Cleaveland's sbggestion to call the mineral bnicitt— 
after A. Bruce—was not adopted, since F. S. Beu^ant employed the term for native 
hydrates magnesia. J. L. de Bournon named some dark reddish-brown crystals 
from Monte Somma, hnmite— aft^r A. Hume. T. Monf icelli and N. Covelli regarded 
humite, maclureite, aaeTbru^itc as synonyms of chondrodite. R. J, Hatiy showed 
that chondrodite is monoclmic, and W. Phillips* that homite is rhombic.* The 
results of the studies of A. Levy, J. C. G. de Marignac,* ('. F. Rammelsberg, 
J. F. L. Hansmann, A. Scacchi, W, H. Miller, J. I), and E. S. Dana, A. E. Norden- 
skjdld, N,von KoLscharofl, F. yessenberg, G. vom Rath, M, Websky, E. S. Brciilcn- 
baugh, 6. W. Hawes, C. Klein, and A. des Cloizeaux were thus summafized by 
P. Groth. There are threc.types of crystals of magnesium fluosilicate occurring in 
nature. The first type furnishes rhombic crystals which may.be called .Ai/mde; 
the 8(g;ond type furnishes monoclinic crystal^ which may be called choitdrndile; 
and the third type also gives monoclinie, crystals for wiliich he proposed the name 
clinohumite. H. Sj(%ren found yet a fourth type furnishing moisoclinic crystals 
which he called prolectite -from npoXiytiv, to foretcJl—in allusiou to the prediction 
of S. L. Penficld and W. T. H. Howe that a member of this family correa|)onding 
with this mineral remained to be discovA'red. 

The axial ratios of members of the s('ries were measured by G. vom Rath 
A. Scacchi. E. S. Dana, If. Sjogren, etc. \('ith the scale »f reference emiiloycd 
by A. Scacchi, and E. S. Dana, the results can be summarized ? • 


Prolectite, .MglMgKljSiO, 
Cliondrodite, 

Humito, .Mgj(.MgK|,;SiO,), . 
Clinotiuinite, Mgj(MgP ;a(SiO d* 


a :b :c 

Moiiocliiiic 1 0803 : 1 : 2 :i877 (or 0 7959 X 3) 

.Monoclinie. 1 0803 ; I : 3 1447 (or0'0290e:S) 

Uliornliic I 0802 ; I ; 4-4033 (nr 0-6290x7) 

Alonoi-linio I 0803 : I : 6-0688 (or 0 6288 x 0) 


This w a good example of P. Groth’s morphotropisclic lUehe, where the addition 
of a MgoSiDr-niol. adds a certain length to the vertical axis, without affect,iiift 
the other axes or the axial angle J3=1I0“, so that the vertical axis of imilectito is 
nearly ,;ths, that, of chrondrmlite jths, and that of humite jths of that of clino- 
humitc. The relations of lhe.se iniuerahs was also discussed by T, V. Barker. 

No analysis of prolectite is available; analyses of chroiidrodite were made by 
G. F. Rammelsberg, G. vom Rath, F. (’. von Wingard, H. Sjogren, F. Berwerth, 
W. Fischer, G. VV. ffawes, E. S. Breidenbaiigh, N. von Kokscharoff, M. Siewert, 
and S. L. Penfiehl and W. T. H. Howe ; analyses of humite by C. F. Rammelsberg, 
G. vom Rath, W. Langstalf, 11. Seybei-t,*VV. Fii^ber, T. Thom8on,«F. C. von Win¬ 
gard, H. Sjogren, and S. L. Penfiehl and W. T. H. How'e* and analyses of clino¬ 
humite by G. F, Rammelsberg, F. ('. von Wingard,G. vom Rath, A.K. Oooniara- 
swamy, and S. L. Penficld and W. T. H. Howe. 

The analytical rlilficulties in th<' accurate deternynation of silica, fluorine, and 
small quantities of combined water prevented for a long time the establishment of 
thesjheinical relations of these miuerals. A. Scacclii sqjqiosed that chondrodite, 
humRe, and clinohumite represented three types of crystallization of one. and the 
same chemical substanee; C. F. Rammelsberg, and G. voni Rath suggested the 
formula MgjSinOg for the whole, group provided part of the oxygen be replaced by 
fluorine. They noted that the percentages of silica varied in the different types. 
E. Mallard made a guess at tlie composition by assuitiing it to be a mixture, of ohvinc, 
pericUue, and sellaite. P. Groth suggested that part of the fluorine is replaced 
by hydroxyl; and F. C. von Winjard conclpded that the three minerals have the 
samechemical composition, ciz. Mgij)Ili( 0 Jl) 2 Sij 03 g. H. Sjogren recalculated the 
older analyses, and after a consideration of the neglected water, concluded that 
each of these minerals should be representejf by a separate formula, and he empha¬ 
sized the isomorphdus replacement of fluorine by hydroxyl. 8. L. Penficld and 
W. T. H.- Howe employed specially selected materials purified by hand picking 
and the flotation of the powders. They showed that these miuerals form a chemical 
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seriea progressing from prolectite to clinohmnite by an increase of one mol o^ 
MgtSiO^. Thus: 

Magnesium. c 

Prolectite . . tetrafluohydroxyorthosilicete,Mg|Mg[F,OH),l,8iOj 

Chondrodite . tetrafiuohydroxydiortho 8 ilic‘ttte,Mgj(Mg(K,OH), 1 ,( 810 ,), 

Humite . . tetrailuobydroxytriorthoeiUcste, *lg,|Mg(F,OH),|,(8iO,), 

t'liuohumite . tetrafluonydroxytetraortbosilicate, Mg,(Mg(F,OH),|,(8iO,), 


The first member of this scries was not known when 8. L. Penfield and 
W. T. H. Howe published their work, out they said that it is “ a po^ible and a 
most likely compound to occur,” and it was discovered soon afterwards at Nord- 
mark, Sweden, by H. Sjogren. See lcucophcBnicite,.and gageite. According to 
F. W. (Jlerhe, the chondrodite group gives indications of the possible polymeriza¬ 
tion of fosterite, MgjSiOg. In the first member of the family, one bivalent mag¬ 
nesium atom is replaced by two"'univalent MgF-groups furnishing prolectite, 
MgjMgFjjSiO,); a similar replacement in (Mg^SiOgjj iurnishes chondrodite, 
Mg 3 (MgF) 2 (Si 04 ) 2 ; likewise (Mg. 2 Si 04)3 furnishes humite, MgsfMgFh^jSiOgjs; and 
(MgjSiOgji furnishes MgYfMgFj^fSiO,),. Structurally 


(MgF), * 

9 


Mg<oi,, >Mg 

(MgF)^®"- 

ProlMtlU. 

Clioodrodito. 

Humite. 


(MgF), ‘ 
Clinoliumlte, 


where part of the fluorine may be replaced by HO-groups. Fosterite or chrysolite 
is closely related Vo the members of this group ; and, as shown by G. vom Rath, 
a few of its forms are like, those of humite — o: 6 : Jc for clinohumite 
is 10S03; 1 :0'fi2K8, and 6 ; 2a: c=l 0735 :1; 0'6296 for chrysolite. Since the 
latter contains no fluorine or hydroxyl, it naturally deviates considerably in 
chemical type from the members of the humite group, and its crystal habit is also 
different. 

The following remarks refer mainly to humite, chondrodite, and clinohumite. 
The colour of all three minerals is much the same - white, yellow, or chestnut- 
brown ; chondrodite and clinohumite also appear hyacinth-red. The crystals of 
chondrodite vary in habit; they are often flatlened parallel to ( 010 ). Ghondrodite 
also occurs massive both compact and in embedded grains. The> euhedral crystals 
of humite are pare. ]'he anhcdral crystals of all three minerals may be irregularly 
shaped, rounded, or ellipsoidal. Humite crystaKizes in the rhombic system ; the, 
other members of the humite group are monoclinic. The axial ratios are indicated 
above. The crystals of chondrodite were investigated by A. Scacchi, G. vom Rath, 
A. des (floizeaux, F. Hessenberg, H.^Sjogren, A. E. Nordenskjold, C. F. Rammelsberg, 
N. von KokscharofI, J. D. Dana, arid E. 8 . Dana ; those of humite, by A. Scacchi, 
G. vom Rath, A. des Cloizeatix, F. Hessenberg, H. Sjogren, and E. S. Danaand 
those of clinohumite, by A. Scacchi, E. Scacchi, G. vom Rath, F. Hess^berg, 
W. H. Miller, A. des Cloizcaux, and E. S. Dana. B. Jazek, and A. Ondrej gav^for the 
axial ratios of chondrodite, o: 6 : c=108606:1:3 13937, and 13=90° ()'. Humite 
crystals usually show penetration twinnings, or lamellar polysynthetic twinnings. 
Trilling sometimes occurs.^ The twinning plane with humite crystals is (017) with 
the two c-axes at 60° 26'; also (037) with the c-axes at 69° 34J'. Chondrodite and 
clinohumite show crossed and polysynthctic twinning with the lamellsB parallel to 
(001). The cleavage parallel to (OOl) is distinct in humite, and rather less so 
with chondrodite and clinohumite.» The axial angle is large. H. Sjogren gave for 
ted, yellow, and green rays respectively 2F=68° 1', 67° 54', and 67° 44' for humite; 
2F=79°40', 79°40', and 79°38' for chondrodite; and 2F=»76°29', 76°27', and 
76° 24' for clinohumite. A. des Cloizeaux obtained 2H,=78° 18' for humite with 
the red ray. H. Sjogren also found for 2H, with the red rav 85° M'-Sfi" «' 
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and 85° 4r-86° 8 ' for the blue ray with a yellow chondrodite; and with a 
brown chondrodite 89° 8'-89° 20' for the red ray, and 88 ° 28'-89° 14' for the 
blue rsya A. dea Cloizeaux found for the rc<l, yellow, and blue raye resjiectively 
2£f=82° 6'-83° 19', 82° 9'-83° 27' and 82° 3r-84° 7': and 2A’=148° 38' -154° 2 . 
149° 24'-155° 24', and * 154° 10'-163° 62'. Observations were also made by 
A. Michel-Levy and A. Lacroix, C. Klein, and E. 9. Dana.. The sp. gr. of hiftnitc 
is 3’l-3‘2; and similar results apply to chondrodite and clinohuniite. The observa¬ 
tions of W. Barlow and W. J. Pope, and T. V. Barker on the valency vol. of the 
series has ton discussed 1 . 5, 18. P. E. Oeberg gave 0'2142 for the sp. ht. of 
chondrodite. The indices of refraction are moderate. A. Michel-Levy and A. Lacroix 
gave ^=l'643for humite, and a=l-607, -1-619, and y=;l-639 for chondrodite, 

while H. Sjogren gave j3=l'659 for the same mineral. L. Brugnatelli gave |3.--1-638 
for chondrodite, and 1 670 for clinohuniite. Tim birefringence is strong; A. Michel- 
Levy and A. Lacroix gave y—a—0-032-0 028 for humite.and 0 032 for chondrodite. 
The optical character *f all three minerals is positive. Pleochroism js well marked 
particularly in the brown varieties. The minerals .are all decouijiosed by acids 
with the separation of gelatinous silica. The transformation of the humites in 
nature has been discussed by E. S. Danaf, and H. Sjogren. 

According to F. Stromeyer,*' K. L. (tieseckc found a sapphire-blui? mineral 
at Fiskernus, Greenland, which was named sapphiline, a teriij wrongly ajuilied by 
0. A. S. Hofmann to haiiyne. Analyses were made by F. Stnttnuyer, A. Dumour, 
E. Schluttig, J. Lorenzen, and N. V. Ussiug. Formuhe were given by J. F. h. Ilaus- 
mann, N. von Kokseharoff, and G. A. Kenngott. The best representative formula 
is Mg5Ali2Si20.i7. F. W. Clarke represents it by the formiilo (A 102 ) 2 AlSi 04 
=(MgAl 02 ) 3 , magnesiuin alummium pentalummato-orthosilicAte; and 
A. Lacroix and A. de Gramont, 9MgO.10(Al,Fe,B)2()5.48iO2. * 

Sapphirine usually occurs in disseminated grains or granular aggregates, and 
in indistinct tabular crystals. The colour is pale blue or green. G. Forehhammer 
attributed the colour to the jircsence of ferrous phosphate. The monoclinic, 
crystals, according to N. V. I'ssing, have the axial ratios a :lt:r - ()-65 :1:0-93 
and |3=79" 30'. 'I'he cleavage is not distinct. 'The o|itieal axial angles were found 
by N. V. Ussiug to be 2//j=68'' 50', 2//(,—-111° 13', and 2F„-= 68° 49', lot yellow 
light; A. dcs (.'loizeaux gave for red, yellow, and green light, 2//,--77" 50'- 
83“ 29', 83° 55', aijjl H3’34'. The sp. gr. is 3-420-3-486 ; and the hardness 7^. 
A. de.s Cloizeaux gave for the indices of refraetimi a=G-705, j3 - 1-709, and y=l-711 
for rod light,and*N. V. Ussing, a=l-7055, /3--1-7088, and y—1-7112. A. Michel- 
LAvy and A. Lacroix gave y- a-=0-009 for the bi^fringence. 'The ojitical character 
is negative. The crystals are pleSi-hroic. ■■ * 

G. Agricola t 2 referred to carbuticulii carchedonii^in Boemorum (yris which were 
called Bohemian garnels by A. G. Wernar, and M. H. Klaproth. The former called 
the mineral pyrope—from mipwnos, fire-like-»-and A. Wcisbach, vogeeite. Many 
analyses 13 have ton made. The compositioti calculated by C. F. Rammelsbcrg, 
and^. von John, approximates magnesiam dMlnq;uninm tiioithoMlicat^ 
MgjA!l 2 {Si 04 )j. Calcium and iron arc often present, and the mineral sometimes 
contains chromium. The work of C. F. llammclsbcrg,'* E. Cohen, and C. von John 
agrees with the assumption that the chromium is present as sesquioxidc in a 
magnesium dichromium triortkosUicale, Mg 3 Cr 2 ( 8 i 04 ) 3 . H. B. Boeke found 
evidence that there is a continuous scrips of mjxefl crystals between pyrop and 
almandine— i.e. magnesia-garnet and ferrous-garnet. 

Pyrop is often found in pridotites amj the serpntines derived from them. 
The colour of pyrop is various snaijps of, red, brown, and black. When trans- 
prent, pyrop is prized as a gem; and it istheicommon red garnet of the jewellers. 
Pyrop does not appear on the ternary diagram. Fig. J77. The,gcneral crystallo¬ 
graphic proprties h&ve ton described i{i connection with grossular—lime-garneta 
(q.v.). The sp. gr. ranges from 2-69-2-78. W. E. Ford gave 3-150, the hardness 
is 7-7J. P. E. W. Oeberg g»ve 0-1758 for the sp. ht. C. Doelter found the m.p. 



816 


INORGANIC AND THEORETICAL CHmSTRY 

to be 1185°, or rather fusion begins &t that temp. He abo found that the mm 
decomposes when melted, fomy'ng spinel, etc., as indicated in connection w'ti 
grossuJar. According to C. Doelter, when pyrope is heated in gases thteohm is 
not changed. The indices el refraction given ^ R Rosenbuscb, P. A. Waenn 
andM. Seebacb are 1-7369-17422 for IJ-Iigbt; 1-7412-1‘7466 forNa-ligbt; and 
l'74Sl-l‘7508 for Tl-ligbt. Wf E. Ford gave 1-705. B. Jezek found for different 
samples, 1-73721-1-70914 for Li-light ; 174301-1-74606 for the D-line; 1-74696- 
1-75258 for Tl-light; and 1-7574^1-7^134 for blue light. G. Doelter found the 
colour of pyrope is not changed by exposure to radium rays; but with sojnc varieties 
the red colour is deepened both by radium rays'" and by X-rays. E. Eeymond 
studied the action of chlorine and of hydrogen chloride on pyrope; and V. Iskyul, 
the action of hydrochloric acid, and the solubility of silica in pyrope. 

The alterations which pyrope undergoes in nature have been discussed by 
A. Schrauf,!® A. E. Delesse, F. Becke, H. von Fouillon, G. Linck, J. S. Diller, 

A. von Lasaiik, J. Mrha, J. Lemberg, G. Tscherniak, and Cl'K. van Hise. Pyrope 
changes into chlorite, serpentine, and various more or h!s.s indefinite substances; 
thus, A. Schrauf found near Krems, Bohemia, a substance which he called kelyphite 
—from j^iXvifios, a nut-shell—as a crust abbut a nucleus of pyrope. A. von Lasaulx 
found that it is not a homogeneous substance. 

The minerals sejbertite, brandisite, and xanthopbyllite belong to the clintonite 
family of brittlS mlbas. They are complex calcium magnesium aluminosilicates. 
According to W. W. Mather,i® scybertite was discovered at Amity, New York, in 
1828, by .r. Finch and co-workers; it was named clinUmiie, after W. Clinton; and in 
18?!), J. Finch described the mineral under the name bronzite. In 1832, J. G. Clemson 
described the mineral as seybertife —after If. Seybert. A. Breithaupt called the 
mineral from Amity, chrysophane; T. Thomson, holmite; and G. Rose, xantho- 
phyllite. A related clintonitic mineral from Fassathal, Tyrol, was called brandisite 
—after M. Brandis—by W. Haidinger, and dwtem'te—from SA, twice; and 
i.aT€pp(i<!, hard -by A. Breithaupt. Another clintonitic mineral from the Urals 
was called xanihophyllite— from ^avdos, yellow; and <j>vXXov, a leaf—by G. Rose, 
and waluewOe or vcduevile - after P. A. von Waluew--by N. von Kokscharoff. 

Analyses of scybertite have been reported by T. G. Clemson, G. J. Brush, 

6. Tschermak and L. Sipiicz, T. Thomson, and A. Breithaupt; of brandisite, by 
F. von Kobell, 6. Tschermak and L. Sipiicz, and U. Panichi; and of xantho- 
phyllito, by 6. Rose, M. Meitzemlorff, A. Knop, P. D. Nikolajeff, R. Schliipfcr, and 
F. W. Clarke and E. A. Schneider. C, f'. Rammelsherg calcntated formulae for 
these minerals from the analyses and obtained for scybertite R" 5 Al 4 Si 20 ] 6 . 2 H 20 ; 
for brandisite, H|oR" 24 lL 4 Sii(,Ogti; and for xanthophyllite, R" 5 Al()Si 20 i 8 . 2 H 20 , 
or H4R"5Al(jSi202o. P. Gro*h gave, for scybertite, Ha(Mg,r'a,J’e)]oAlioSi 403 a; 
for brandisite, H 8 (Mg,Ca,Fe)i 2 (M,Fe)|j,Si 504 i; and for xanthophyllite; 
H 8 (Mg,Ca) 44 (AI,Peli 8 Si 5022 ., 0. '^chermak considered these three minerals to 
be isomorphous mixtures of different proportions of an aluminate and a silicate. 

F. Zambonini considered thiw minerals to be hydrated mixtures of a disil'catc, 
H 2 R 2 Si 207 , an alum,inate, R"Al 204 , and water in the proportions 1: 2'33:1; with 
brandisite 1; 2 5:0 75; and with xanthophyllite, 1:3:1. V. Goldschmidt gave 
for brandisite, 0a4(Mg,Fc)8Ali.2Si5O4Q.4H2O. P. Erculisse regards the clintonites as 
solid Boln. of the micas and spinels. F. W, Clarke regards these minerals as 
morphologically like biotito and .having the univalent radicle AIO 2 R", where R" 
represents Mg, Ca, Fe". or Mn. Xanthophyllite is considered to be the most basic 
member of the series ; , 

.Si04=(A10|Ca)4 ' ^104^115 

AI<-Si04^AI0,Mg), Al(^SiO,=5(AJO,R), 

' ^Si 04 =fA 104 Mg), ^Si 04 =(A 10 ,E), 

XaaUuphjrlUtc. 8«;b«rUte. 

This makes xanthophyllite caidom magnesfum eimealaiiiinoxy-alimiinotti* 
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'QrOioalicate; and acybertite, calciam magnesiam tribydrohexalominoxy-alu* 
minotriortho^oate. 

The cglourof scybertite is yellow, reddish-brown, or copper-rod; that of braudisito 
is yellowish-green, leek-green, or rjddish-grey ; and tha,t of xanthopbyllite is usually 
leek- or bottle-green. .'Wiese minerals all belong to the monoclinic system. Some 
measurements of the crystM constants have b8en made by G. TscherAak; 
and N. von Kokscharoff gave for xanthophyllite the <axisl ratios a:b:c 
=0’57736 ;.l: 1’62214, and ^=90° O'. The crystals are usually tabular; those of 
seybertite are sometimes hexagonal in oufline. The symmetry of xanthophyllite 
approximates to that of the rfiombohcdral system, and the forms simullte the 
octahedron. Complex twinping occurs as in the case of the other micas. 'I'lie basal 
cleavage is perfect. The folia are brittle. Percussion and press, fjgures cormspond 
to those of the micas. The corrosion figures of xanthophyllite and of seybertite 
have b?cn studied by F. J. Wiik. G. Tschermak gave ior the optic axial angle of 
seybertite, 2A’--3‘’-13'^8 and A. des Cloizeaux found that for the red ra^, 2A'—20“ 23' 
at 21-5°; 20“ 32' at OS o"; and 20“ 10' at 171“. Eor brandisite, G. Tschermak 
gave 2/?=18“-35“; and A. des Cloizeaux found in some cases 2A’- 0“, in others 
2A’=15°-20“, and in another case 2A'—-*28“, and increase of the angle with a rise 
of temp, wivs not unequivocally proved. For xanthophyllite, U. 'I'schermak found 
2A’—17'’-32“; H. Bucking, 2/f--=2o r)‘; and A.des Cloizeaux, 2/'J» 20“, with a decrea,se 
of about 1“ when the temp, rises 2t)'.'j“-l'l()'5“. 'The sp. gr. ftf afi three minerals 
is near 3 0-31; and the h8rducs.s between 4 and 0. According to F. W.<.'larko, 
xanthophyllite decomposes when heated, forming a portion soluble and a portion 
insoluble in hydrochloric acid. 'The insoluble portion has the com]io8il.ion of 
spinel, Mg(A102)2- F. Zainbonini investigated the dehydration of some xantho¬ 
phyllite from the Urals, and found in a current of air: 

130” 210” 256" 350” 400" 

pereentago loss . . . O’li) 0’31 037 0‘6I O'tit 

Only 1SI8 per cent, was lost by heating the mineral in a jiorcelain crucible over a 
Bunsen’s burner; and 5'10 per cent, in a phitinum crucible over a gas blowpipe 
flame. Hence, he concluded that all the combined water is not to be regarded as 
constitutional watm ; a part is extrinsic. A. Knop made some observations on 
the dehydration of this mineral. A. Michel-Levy and A. Lacroix found the indices 
of refraction of scyBertitc to be a -T'C4C, i-1'657, and y=l'658. The crystals 

arc optically negative. A. 8. Eakle found the sp. gr. of xanthophyllite to be 
3 081, and A. Laitakari, 3 093; for the "indices^of refraction, A. y. Eakle gave 
jS—y.---l’660, and A. Laitakari, y^l'038, and^ - y -OOOOb.* 'The crystals are opti¬ 
cally negative. 'The three minerals arc pleochroic. Seybertite is readily and com¬ 
pletely decomposed by hot cone, hydrochloric acid; brandisite is readily attacked by 
cone, sulphuric acid, but not so rapidly tiy coiiij hydrochloric acid. F. VV. Clarke 
and G. Steiger found that ammonium chloridif vap. ftttacks xanthophyllite only 
feebly. , 

I^ounection with pyroxene and diopside, it was foifnd convenient to apply 
the terra aogites to the monoclinio pyroxenes with sesquioxides —alumina, ferric 
oxide, (Ac., as essential constituents. The aluminous pyroxenes are also augites. 
A. G. Werner 17 applied Pliny’s term aM^tie—from ai’yj, lustre—to the black 
volcanic schorl of the early writers—J. BsL. Rom(!«de I’Isle, F. do la Fond, and 
J. Demeste; A. G. Werner's term, and the volcantle of J. C. Dclaimithcrie, included 
only the black igneous rocks; while L. A. Emmerling, and A. Estner did not 
clearly distinguish augite as a definite mineftil species. R. J. Haiiy included a 
number of species as pyroxenes (q.v.) Gf W|rncr did with augite. 

The amphibole of H. Seybert was called macluerite by T.,Nuttall; % variety of augite 
was called basaUine by A. Kirwan, and basaltic "liomblende by A. G. Wemer; a variety 
from Fassathal, Tyrol, «as called JataaUe by C.^. 8. Hofmann, and pyrgom—lmm 
a tower—by A. Breitliaupf V. Zsivny analyzed a sample of fassaite from Hodnubanja 
(Comitat Hont). A wlute alumiwous augite analyzed by T. 8. Hunt was called Uucaugite 
VOI» VI. * 3 0 
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—from Atomir, white-by J. D, Dana; D. Tokody studied the optical properties of 
fassaite, and V. Zsivny^ the composition. E. F. Olocker referred to needle-like crystals 
of augite in the porous lavas of Sifel and Laacher-Soe. It was named porricine, and 
described by H. Laspeyres, F. Sandberger, and A. des Cloizeaux. ''' 

R. J. Haiiy applied the term dialkge to a green or. brown mineral which is 
found in gabbros and related tbcks. The name—from StaAAay^, difference—was 
intended to eraphaske the dissimilar cleavages or planes of fracture. Typical 
augite exhibits schillerization, and closely resembles bronzite in appearance. There 
has been much discussion as to whethef diallage is a distinct mineral species, or a 
variet/'of pyroxene. G. Tschermak regarded diailage as a member of-the augite 
family, and it has a lamellar or thin fohated structure and parting. It resembles 
diopsidp in composition, byt usually contains alumina. Analyses were made by 
G. vom Kath.t* H. Traube, M. F. Heddle, A. Hilgcr, T. Petersen, W. Wahl, A. Cossa, 
A. Cathrein, 0. Luedecke, A. R. LeeSs, D. Hummel, etc. 

The earlie^ analyses of augite were made by L. N. Vau.#[uelin, and W. Roux ; 
and since then numerous others have been made. The mineral is essentially a 
metasilicate of calcium, magnesium, and ferrous iron plus ferric and aluminium 
silicates. Manganese and alkalies are often present, and up to 1 ’6 per cent, of titanic 
oxide is'present in the so-called litanic-awjiies analysed by A. Knop, P. Merian, 
E. Lord, A. Strong, h'. Becker, B. Mkuritz, and F. Gonnard and P. Barbier. There 
are also pyroxems ^vith up to nearly 3 per cent, of chromic oxidt— chromic-diopside 
and chKmic-aw/Ue. These were analyzed by C. W. von Gumbel, A. Schrauf, 
R. Soharitzer, E. Jannettaz, A. Knop, F. P. Mennell, H. Lenk, C. F. Rammelsberg, 
K. Oebbeke, and R. Brauns. Here the chromium replaces part of the aluminium. 
The mineral omphazite or omphacile of C. A. 8 . Hofmann, and A. Breithaupt was 
named—after an unripe grape—in allusion to the colour; it is a variety of 

chromic-augite. Analyses were made by L. Hezner, J. Ippen, and 0. Luedeckc, 
The character of omphascite was discussed by C. A. S. Hofmann, C. C, von Leon¬ 
hard, R. J. Haiiy, F. Mohs, W. Haidinger, A. Breithaupt, A. des Cloizeaux, 

J. F. L. Hausmann, G. Tschermak, H. Rosenbusch, and P. T. Riess. A vanadic- 
angite with up to S'dl) per cent, of vanadic oxide was called hmox'iie, or lamroffiie, 
or /awppfe- after N. von Lavroff—by N. von Kokscharoff: it was analyzed by 

K. von Schafhautl, and P. Hermann —vide diopside. 

The composition of augite as a mineral is so variable that it has not been possible 
to formulate the composition of an idealized augite. C. F. Raminelsberg regarded 
the augites as mixtures of diopside, CaMgSijOj, with alumina. ,G. Tschermak at 
first supposed, alumina-augite tu be an' isomorphous mixture of diopside with a 
silicate, of the composition MgAl^SiOj, or R"Alj.9iOj. This silicate is hypothetical, 
but its composition approximates to that of cornerupine or prismatine (}.».). 
Here it is assumed that the proportion of„calcium is less than that of magnesium. 
C. Doelter found that this is not tilways the case, and he assumed,the augites to 
be isomorphous mixtures of'diopsiue with one or more of the silicates MgAljSiOj, 
MgFo"' 28 iO(,, CaAl^SiOf, CasFe'" 2 Si 0 e, and Fe''Fc"' 2 Si 0 e. A, Knop regarded the 
augites as mixtures of RSiOs, (Al,Fe) 203 , and Fc 28 i 309 . N. Parravano, A. Lerian, 
J. Uhlig, A. Cathrein, J. Hampel, F. W. Clarke, J. Gotz and E. Cohen, P. Mann, 
J. W. Retgers, W. Wahl, A. H. Phillips, and others also advocated the view that the 
augites are solid soln. of different silicates. In the augites which contain alkalies 
it is assumed that silicates analogous to acmite or jadeite are also in isomorphous 
association with the other silicates, E. T. Wherry found the at. vol. theory 
of isomorphism fits in with (i) the complete replaceability of Mg and Fe"; 
(ii) the slight tendency of Mg or Fe" to replace Ca; (iii) the existence of Na 
and Li, and the absence of K pyroxenes; and (iv) the improbability of 
Q. Tschermak’s mol. R"R"' 2 SiO#. H. S. Washington regards the pyroxenes 
as mixtures of jadeite, NajO.AljOs.ISiOj; acmite, Naj-O.FejOs.lSiOj; and 
diopside, (C 8 ,Mg,Pe) 0 .Alg 03 . 28 i 02 mols. Augite and ?Bgirite are composed of 
acmite and diopside with FejOs and AljOs in solid soln, P, Erculisse regarded 
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the augitea (and hornblendes) as solid soln. of derivatives of metasiiicic acid and 
the aluminosilicic acid, HjAIjSiU^. i 

Augit# is a pyrogenetic mineral, and Ls commonly found in igneous rocks of all 
classes. Augite was found by F.iMohs,!*^ G. Rose, C. P. Rammebbcrg, M, Jeroffcfl 
and P. Latschinoff, Ik *Ijudivig, and G. Tschern\jik in meteorites. Crystajs of 
augite have been reported in many slags by J. Pcrcy,23 E. MWlard, N. S. Maskelyne, 

C. Gruner, G. J. Brush, J. P. L. Hausmann, E. Mitscherlich, J.’Noggerath, C. C. von 
Leonhard, P. Sandbergcr, C. F. Rammelsberg, F. von Kobcll, C. V^lain, G. vom 
Rath, T. lipheercr, P. W. von Jeremejeff, J. 11. L. Vogt, and E. Reynolds and 
V. Ball. Augite is readily obtained by simply fusing a mixture of the constituents. 

It was so obtained by P. Berrtuer,^'* H. J. Johnston-Lavis, F. Fouque and A. Michel- 
L^vy, A. Daubree, A. Lacroix, C. J. St. C. Deville, S. Mhunicr, cte. J. Morbscwics 
found Ijpth ordinary augite and the alkaline augites in his work on artificial magmas, 
when over 50 per cen|. silica was present, and when t?ie alumina is in excess of 
that required for felspar and mica. G. V. Wilson obtained it Ijy the action ■ 
of glass on fragments of lime. K. Bauer. J. Lenarcic( L. Bourgeois, and (k Doclter 
obtained augite among the jiroducts of the fusion rock magmas- c.g. garnet 
vesuvianite, epidute, biotito, and clinochlore; he also obtained augite by fusing 
diopside with alumina or ferric oxide. J. Lenarcic obtained augite by fusing a 
mixture of labradorite and magnetite; and B. Vuenik, by’fjisyig hedenbergite 
with anorthite, albite, or corundum. ^ 

The general properties of the augites are like those of diopside [q.r.). The 
colour of the augites depends on the composition ; usually it varies from a dark 
green to black, and in thin section, colourless to pale green. Augites with no iron 
may be white— e.g. the Icucaugile of J. D. Dana —vide supra. • Vesuvian augite 
is yellow. The titaniferous augites are often pale violet-brown. G. Becker made 
some observations of the colour of titaniferous augites. Manganese oxide intro¬ 
duces a violet or rosc-red colour into the augites—e.g. the viokm of A. Breithaupt, 
and A. des Cloizeaux. In general, augite crystals appear in short thick prisms, * 
rarely tabular or bladcd. The axial ratios of the monoclinic crystals vary but little 
with wide, variations in composition. The change in form with varying amounts of 
ferrous and ferric oxides has been discussed by G. vom Rath, and G. Flink. Thus, 
a colourless diopside with 0'5I per cent. AI 2 O 3 , 0 98 Fe. 203 , and 1'91 FeO had the 
axial ratios a :b: c«=l 09126 :1:0 58949, and )3—74° 85 '; while an augite with 
5 6 per cent, of Al^Oj, and 9 5 FeO had the ratios 1 09547 :1 : OT)90.35, and 
0=74° 13^'. DioJ)side, augite, wgiritc, aamite, and jadeitc 
are probably isomorphous. H. l^umhauer, and*0. Greiu; 
studhid the corrosion figures of the augitea. The commonest 
form of twinning is on the composition plane (lOA); the 
twinning on the (OOl)-plaue is u.sually repeated in thin 
lamellte; the twinning on the (lOl)-plane fu^ishes •cruci¬ 
form twins; and the twinning on the (l22)-planc furnishes Vm. 1K3.-'J'raniverae 
stellata groups. The last two forms are rare. The cleavage Section of a I’ria- 
parallel to ( 110 ) is often well-developed, but sometimes •^ug'ite. ** 

quite imperfect. In cross-section, the obtuse angles of the 
traces of this cleavage intersect at 92° 50', and the acute angles at 87° 5'. 
This is shown diagrammaticaUy in Fig« 183. The outer dotted lines repre¬ 
sent the form of the primary; the continuous lines ‘represent the cleavage- 
solid ; and the broken lines represent the rhombic cleavage. A second cleavage 
parallel to ( 100 ) is highly developed in some aSgites, and the crystals then separate 
into thin plates. There may also be ifti inqicrfect cleavage parallel to (010). A 
parting parallel to ( 001 ) is well developed in Siany crystals twinned in laraellse 
parallel to this plane. It is considered to be*a result of‘multiple tfcinning, and not 
a true cleavage. E. A. Wul&g gave for%e optic axial an^e 2F=61° 12'; and 
G. Tschermak, 68 °. E. Goens examined the optic axial angle in the ultra-red. For 
the X-radiograms, vide diopside. 
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The sp. gr. ranges between the limits 3T5 and 3'60, and it naturally depends on 
the composition, e.g. the replacegient of magnesium by sodium lowers the sp. gr., 
while calcium, iron, and manganese in place of magnesium raise th0 sp. gr. 
Similarly, the replacement of aluminium by ferric iron raises the sp. gr. The m.p. 
also depends on the compositioij. In general, the augites with sodium, aluminium, 
iron, and manganese hate a lower m.p. than diopside. C. Doelter found for various 
augites 1090°-1260'’; 'for diallage, 11C0°-1180°; and for soda-augites, 1085'’-! 115°. 
A. Brun gave 1230° for the m.p. of ^u angite from Monte Rossi. ' R. Cusack 
gave 1J.87°-1199° for the m.p. of augite, and, A. L. Fletcher, 1?37°-1249°. 
R. Cusack gave 1264°-1300° for the m.p. of diallage; and A. L. Fletcher, 1328°- 
1350°. L. H. Adams and E. D. Williamson found the'compressibility, j3, of augite 
to be 2'34xlO“®.at 0 megabar, 2'27xl0~* at 2000 megabars, and 104x10”* at 
10,000 mcgabars. F. E. Kaumann »obtained numbers between 0'1930 and 0T95O 
for the sp. ht. of augiteF. E. W. Oeberg, 0T830 between 15° and 99°; and 
, R. Ulrich, 01931 between 19° and 98°. H. Fizeau gave for the coeff. of thermal 
expansion of the two axes in'the plane of symmetry; O O 5273 O and O O 579 IO, and 
for the axis at tight angles to this plane, O O^lSdSG. This makes the coefi. of 
cubical jexpansion O O 42597 I. G. Tschermak gave ^=1'74 Sor the index of 
refraction; E. A. Wiilfing, a=l'Gii75, j3=-l'7039, and y=l'7227 for Na-light; 
and A. Michel-L(5\y and A. Lacroix, a=^=l'706-l'712, J3=1'712-1'717, and 
}'=l'728-r733.* i'or the birefringence E. A. Wulting gave y—a=0 0252, and 
A. Mictel-Lhvy and A. Lacroix 0'021-0-022. The optical character is positive. 
The more strongly coloured augites are often pleochroio; but ordinary augite is 
hoi. perceptibly pleochroic. This subject has been discussed by G. Tschermak. 
According to L. \an Werncke, A. Felikan, J. Blumtich, and A. Scott, titaniferous 
augites are generally pleochroic and exhibit, in section, an hour-glass structure, 
the crystals consisting of a number of sectors. A. Scott showed that the extinc¬ 
tion angles, indices of refraction, and optic axial angles difiered in the various 
< sectors. W. Vernadsky found augite to be tribolummescent. C. Doelter found 
that augites free from iron are as transparent as calcspar for the X-rays, while the 
ferruginous augites are less permeable. At ordinary temp., augite is a non-con¬ 
ductor of electricity, but it becomes a conductor at higher temp. Thus, with an 
augite with a m.p. 1225°, tJ. Doelter found the sp. electrical resistance of the 
compressed powder to be : 


1000“ 1050“ 

1100“ 

1100“ 

1200“ 

1270“ 

Olims 

* ma 

lUU 

28-88 

C-4 

and for the cooling of molten augite: 

1215“ 1200“ 

*1160“ 

1116“ 

1050“ 

1000“ 

Ohms . . 7-64 , IJ-fo 

17*7 

1720 

493-4' 

669-0 


B. Bavink studied the n^agnetic properties of crystals of augite. 

G. A. Kenngott found green and black augites powdered and moistenM with 
water react markedly alkaline; F. Sestini found that powdered and moistened 
Vesuvian augite behaves similarly. Water dissolved 0 057 per cent., and water 
sat. with carbon dioxide dissolved 0 095 per cent, in 50 hrs. It was assumed that 
water breaks augite into.two parts, the calcium and magnesium silicates appear in 
the soluble part, the aluminium and iron silicates in the insoluble part. A. Daubree 
observed that the augites are no^ so reaiBly decomposed by steam at 400° 
as diopside. C. Simmonds found tha^ augjte does not show any definite reduction 
by hydrogen at a red heat. Acidr have but a slight action on augites, and in the 
case of the aluminiferous angites the action is inappreciable. "B. Lord observed no 
separation when titaniferous augite is digested with hydroeWorio acid. G. Becker 
investigated the action of hydrochloric acid. H. Lots, and W. B. Schmidt studied 
the action of sulphurous acid on augite and observed but a slight action after 12 
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months’ exposure. E. C. Sullivan found a Basic exchange occurs when aiigite is 
treated with a soln. of cupric sulphate. V. P.,SmirnoiI Studied the action of 
humic aad crenic acids on augite. The natural transfonnation products of augite 
in nature are numerous.^t Picrophyll, pitkarantitc, pjTallolite, traverscllite, pyro- 
schlerite, grengesite, a«d strjkonitzite have been previously indicated. Ciny.ilitc, 
steatite, mica, cpidote, and green-earth or glauconite, have also been reported. 
J. Roth has discussed the various changes; and other reporfe have been made by 
J. Lemberg, T. 8. Hunt, A. Strong. G. Tschjrmak, and G. A. Kenngott. A. Erdmann 
found a yellow, slightly alterejl pyroxene at Bergen, Norway, and he called it 
monradik —after M. J. Monrad. S. H. Cox reported a greenish pyroxenic mineral 
from the serpentine rocks of the Dun Mts., New Zealand. He called it hectonU — 
after J. Hector. G. Fricdcl and F. Grandjean discussed the transformation of 
augite pnto chlorite; 0. F. Rammelsberg, the alteratiou f.ooi)al; and M. F. Heddle, 
and N. Kispatic, the serpentinization of augite. • 

The mineral homtlende or Honisicin probably received its name from the . 
old miners in allusion to its toughness. C. A. S. Hofmann-* indicated that the 
term may be of Swedish origin. J. G. Walleriiis designated it cunmux fissilix, 
corneus solidus, cq/’tieus cryslallostUus, add skiorl. A. Cronstedt called it ^drl, etc. 
J. B. L. Romd de I’lslc classed it as a schorl. G. Werner, L. A. Emmerling and 

.4. Estner used the term honiblendi; for the mineral. • 

• • • 

The term pargasite. was applied by 0. von Stoiiiheil to jrreen, bluiBli-^roon, oi*|j[rc‘vi»«h* 
black crystals of hornblcndo from Pargafl, Finland. A. Hreitliaupt called the black horn* 
blcndo from Nordmark, Wonnlando, rfifWio/tVc- froin standinR apart -and later 

vxdU'rnm. JIo called the black hornblende from Vosuviiis, syMagmatilcr-- from a^aytfiOf 
arrani^ed; and the colourless or grey hornblcndo from Edenvilie. ^ow York, edenite. 
rho hght-colourcd hornblende with but little iron is often called e/hmlr, and tlio darker 
varieties prtr;7r«i/c. N NordcnskjOld called a variety from LnkeTlaikal, Siberia, kohehar’ 
ojjitt )—after N. von Koksc.haroff—and J. J). Dana, one from Nora, Westinanland, noralite. 
A. Hreithaupt obtained a green rnineml from CJamsigrafl, Serbia, which he called gatruii- 
gradilc, and which A. Lacroix shoaed to be a lioniblende F. Lucchetti obtained needle-• 
hko crystals of a lioniblende from Monte Altino, Hergamo. Italy, which be calk'd berga- 
niaahtp. J. Loronzen obtained crystals of a bornbleiKlo at Knersut, North CSrecnland, and 
he called the mineral kaetnutiic. Its composition was examined by H. Goasner. T. 'rhom- 
son, X. dos Cloizeaux. and T. S Hunt doscril>ed rlujphUUc -from a needle—found 

by the lirKt-numed at 1‘crt-h, Lanarkshire. It is a variety of hornblende. F. J). Adaini 
and 13. J. Harrington reported a hornblende in the nenhelino-syxnito of Dungaiirion, 
Hnatings, Ontario, atnl thev called it haHtwgHHv. T. L. Walker gave for the mdiecB of 
refraction, a=Lti95 -1007 : j3—y=l'710-l'711; and pk ochroism with a pale yellow, and 
jO and y, a deep gVeenish-bhu'. G. I’latania referred to a variety occurring in minute 
crystals in the hmmatite of Acicatciia, Sicily; it was vamed xiphonxte .—aftter Xiphonia, an 
old town near the locality. K. A. 1)aly applied the namo p/ttlfpifladito to an ninphibole 
from Philipstod. Sweden. \V. (’. RrOgger found an amphibole intermediate in properth e to 
barkevikitc and arfvedsonito which he namoil caiaphonS. It came from South Norway. 
Its compo.Hition was examined by 13. GoHSiter. A. Lacroix mentioned a similar mineral 
from Hante-Leire. Ij. Duparc and F. I’oarco iiftmed a|i amphibole from Koswinsky, 
Urals, aorettle —after 0. Sorot: and another relatld to riebeikito and arfvodsonite, was 
called iachnichexmte. .T. A. Krenner called an amphiboli occurring with the jiuieito of 
CentlW Asia, azechenyiUc —after Count Szechenyi L. L. Femfbr called a blue ampliibole 
from tne manganese mines of Central India, ivinchite —after H. J. Winch. L. Beck 
applied tliO term hwUonite to a mineral from Cornwall in the vicinity of tho Hudson 
River, New York. Hudsonite is black, lamellar, massive, and often has a bronze lustre. 
It was shown by S. Weidman to bo on ampliibole, not, as formerly supposed, a pyroxene. 
A. O. Wonior called a dark-coloured hon4»lendo from Sanaipe, Carinthia (Kiiniten), 
karinthine. A. Breithaupt regOI’detl it os a special spacies of ailiphibole, but J. F. L. Haus- 
mann showed that it is a variety of hornblende. E. Deno^er described U>rmdrikite as 
a magnesian ferric amphibole from Tme, Ouadoi. 

Among the more or less altered hontblendcs wRich have been reported are T. Thomson’s 
ktrwant^c—after R. Kirwon—which is a*greeil chlorite-like mineral whose nature was 
establialiod by A. Lacroix. The loganite of T. 8. H%nt—named after J. R. Logan—occurs 
at Columel Falls, Quel>ec, and it is near pennini^e in composition. G. A. Bertels described 
a yellow, fibrous, homilonde-like mineral wUcli he celled pAaoc/imfc—from black ; 

and ijcrff, a ray. A. Knop, O. A. Kenngott, and C. F. Rammelsberg described a green 
mineral from Waldheim, Saxony, which was called and which was found 

to be an altered product of bomilende. 
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B. J. Haiiy " regarded the variiti vfHe of diallage as synonymous with the smarajiliia 
of S. B. de Saiwsure. G. Werner regarded smaragdite from Corsica aa a granular Jiuid 
of hornblende (Steahlsteia). Observations were made by W. Saidinger, G. Rae, 
0. Tschermak, B. von Drasehe, H. Bosenbuseh, and F. Zirkel. Analyses Sere mado 
byj. V. Lewie, J. B. TrommednrS, F. A. Genth, etc. fC. Boulanger bee described a chromi- 
ferous smaragdite, Smaragdite has a light grass-green colour, and is a thin foliated variety 
of anphibole, which closely resembles actinolite in composilion, but contains some alumina. 
Usually, it has probabjy boon derived from pyroxene or diallage, and it retains much of 
the structure of diallage. Saussurite and smaragdite form the greenish rock called saus- 
Buritic gabbro; and the Corsican mineral ,is from the rock verde di Cornea duro used in 
the arts. 

G. r.ose *• ai>plied the term urallUe to a mineral wliich had the crystalline form of 
augite and the structure of hornblende; this name was selected because the mineral is 
widely distributed in the Urals. The mineral is a pyroxene which has been changed to an 
amphibele. The uralitization of pyroxene is generally attended by an increase in the 
proportion of magnesium, and a decrease in the proportion of calcium. The change was 
discussed by 0. Rose, W.'Hf-idinger, I'"’. Becke, R. J. Haiiy, H. Rosonbusch, C. A.'Muller, 
and H. Fischer. L. Duparc and T. Homung say that uralitizafion is not a case of mol. 
transformation,*' nor a case of hydrocliemical alteration. They suggest that after the 
pyroxene had crystallized frora<the magma, it was acted on by the residual magma and 
transformation occurred in patches into amphibole. jriialysee have been reported by 
C. F. Rammelsberg, B. J. Harrington, P. Dehms, L. Duparc and T. Homung, G. vom 
Rath, aiiJ J. Kudernatsch. Traversellito—iitds (Uopside—has probably been formed by 
a similar process to uralite. 

P. Ar von Bonsdorl! *1 made an analysis of hornblende, and since then numerous 
analyses have been reported. As with the augites, the composition of the horn¬ 
blendes is very variable. The hornblendes bear the same relation to the amphiboles 
as the augites bear to the pyroxenes. E. T. Wherry applied the at. vol. theory 
of isomorphism tc explain the various replapements in the amphiboles. S. L. Pen- 
field and P. C. Stanley cpioted a number of analyses to show that in the hornblendes, 
magnesium and iron preponderate over calcium, while the reverse condition 
prevails among the augites. The constitution of hornblende is generally assumed 
to bo analogous to that of augite. C. E. Rammelsberg made attempts to deduce 
a formula for hornblende. C. G. C. Bischof, T. Scheerer, and J. Roth discussed 
the nature of the sesquioxides in this mineral; E. T. Allen and J. K. Clement, 
the nature of the water. G. Tschermak regarded hornblende as an isomorphous 
association of thesilicates CaMgj( 8 i 03 ) 4 ,CaFe 3 (Si 03 ),i, Na 2 A 1 . 3 (Si 03 ) 4 , K 2 Al 3 (Si 03 ) 4 , 
CaMgAl 4 Si 208 , and CaMgFc 4 Si 20 i 2 ,'which he afterwards loduccd to the first 
three, and CaMg 2 Al 3 Si 30 i 2 . P. Groth gave for hornblende (Jlg,Fe) 3 Ca( 8 i 03 ) 4 , 
and (Mg,Fc) 2 Al 2 (Si 63 ) 2 (A 103 ) 2 ; and for richterite, (Mg,Fe,Mn) 3 Ca(Si 03 ) 4 , and 
Na 2 (Al,Fe) 2 (Si 03 ) 4 . A. Sauer assumed that Al 28 i 05 is present in hornblende from 
Darbach. R. Scharitzer regarded hornblende and richterite as mixtures of an 
actinolite, CaMg 3 ( 8 i 04 ) 3 , with a silicate of the garnet type, R" 3 R"' 2 Si 30 i 2 , to which 
he applied the term syntagmatile ., F. Befwerth, F. R. van Horn, G. F. Becker, 
J. 8 oellner, H. Haeflke, and F. D.' Adams and B. J. Harrington also assumed the 
presence of orthosilicates—grst, because the proportion of oxygen is larger than 
that required for metasilicates, and second, because they alter into n^Atures 
containing orthosilioates. The first argument is not strong because some horn¬ 
blendes have more oxygen than is required for the orthosilicate ratio, and the 
excess in both cases can be explained by assuming the existence of basic radicles. 
8 . L. Penfield and F. 0. Stanley suggest that hornblendes may be regarded as 
iwlymetasilicates with the bivalent radicles Al 20 Fe 2 ", Al 20 ( 0 H) 2 ", R'ALOs", 
Na 2 R'Al 204 '', and the univalent radicle MgF'; this explains the presence of water, 
and fluorine. X. Galkin, and B. Gossner supjmrted this hypothesis. E. T. Allen 
and J. K. Clement assumed that the water in those minerals is adsorbed, occluded, 
or in solid soln. In agreement wiA G. Tschermak, 8 . L. Penfield and F. C. Stanley 
assumed that the hornblendes are salts of an amphibolic eicid, Hg 8 i 40 i 2 ; and 
H. 8 . Washington suggested a constitutional formula for kaersutite, based on 
this assumption. 
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P. Erculisae argued that the hornblendes (and augites) rfre solid soln. of deri- 
vatives the alumiuosilicic acid. HgA^SiOg, and of metasilicic acid. Horn¬ 
blende is found in both igneous and metamorphic rocks; it is a common 
constituent of granite, syenite,* dionite, trach 3 rte, diabase, gabbro, norite* gneiss, 
chlorite schist, mica schist, £tc. Edeuite occurs in crystalline limestone and seems 
to have been produced by contact metainorphism; pargasita is found i« meta- 
morph^c rocks, gneisses, and crystalline limestones. Basaltic hornblende is an 
early secretion in andesite, dacite, phonolite, basalt, ain'd other eruptive rocks. 
The reports of T. Schterer, and ('. W. C. Fuclis of the occurrenea of hornlileniic , 
in slags were shown by C. C. von J.eonhard, and (h Tsehermak to be unreliable. 
H. J. Johnston-Lavis reported finding hornblende on fossil bones in the volcanic 
tufa of Faiano, IJocera, and he assume* that it was formed under press.^nd at a 
temp, insufficient to carbonize or discolour the organic matter of the bones. K. von 
Chrustschoff synthesized hornblende by heating a mixture of dialyzed silica, 
alumina, ferric and ferrous hydroxides, magnesium hydroxid(t,"ca*eium hydroxide, 
and water in an autoclave lor 3 months at 5.')0°. 0. Uoelter also pn'paredVrystals 
of hornblende by fusing a mixture of magnesia, iron oxide, alumina, silica, and boric 
oxide. He also recrystallized amphiboles from fused borax, or a fused mixturij of 
magnesium and calcium ehlorides. Olivine, scajioiite, maijnetite, anorthite, 
or orthoclase were also produced. K. Bauer obtained hornblende by fusing at 
800° a mixture of biotite, boric acid, sodium pho8|diate, and calcium fluoride. 
A. Becker showed that when hornblende is fused, a pyroxene, jiossibly mixed with 
olivine, is formed ; and A. Lacroix found that heat alone, or contact with molten* 
magmas, must have converted hornblende into augite in the volcanic rocks of 
Auvergne. Indeed, the amphiboles arc not stable at elevated temp. Their 
appearance, as pyrogenic minerals is therefore eonditioned by the rajiid cooling of 
the mother magma, the presence of water, or some undetermined influence of press. 
An excess of magnesia favours the development of the hornblendes, while an excess 
of lime favours the formation of the augites- otde magnesium mctasilieate. 
E. T. Allen and c(>-workers found that whep magnesium metssilicate is heated above 
its m.p. and rapidly cooled, amphiboles are jiroducod ; and if slowly cooled, jiyroxenes 
arc formed. When rhombic amphibole and water are fleSted at 375°-47,')°, the 
monoelinic form is produced ; and the latter is obtaiied when a soln. of magnesium 
ammonium chloride or of magnesium chloride u"d sodium hydrocarbonate is heated 
along with sodium silicate or amorphous silica jli a stiiel bomb for 6 days at .37.5°- 
475°. Some quartz and forsterite were formed at the same time. 

Tilie colours of argasite and common hornblende vdry from light to dark green, 
bluishr^recn, and black. G. Murgoei discussed the blue anjphiboles. A zonal 
structure is sometimes developed and the central [lortion is brown while, the outer 
portion is green, or vice versd. Hornblende is often free from inclusions, but it some¬ 
times contains apatite, magnetite, and titanite when of igneous origin, and rutile 
when formed by metamorphoais. Gas, glass, and Ijquld inolueions are rare. J’arallel 
growths of pyroxene and amphibole arc not uncommon. According to A. E. von 
Nordenskj6ld,3< the axial ratios of the mmioclinic crystals of hornblende are 
a; 6: 0 —0'54826; 1:0'29,377, and p—lS" 2', Observations were made by A. des 
Cloizeaux, N. von Kokscharoff, W. H. Miller, .J* D. Dana, A, Livy, and C. F. Nau- 
mann, M. Vendl, A.’Sehrauf, P. Groth, G. }I. Williams, F. A. Quenstcdt, G. vom 
Bath, C. S. Weiss, G. Tsehermak, etc. Th# crystals often appear as slender prisms, 
and short thick prisms. The forms common to all monoclinic amphiboles are (110), 
(010), and less often, (100) and (130); the common terminal planes are (Oil), 
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(101); sometimes (lOl) and (211); *and rarely (001). Tbe faces of the crystals of 
hornblende are usually quite simple, the unit prisms have (110) strongly developed, 
the second pinacoid (010) is subordinate, and less frequently, the first? pinacoid 
(100) is quite small. The terminal faces arc usually (011) and (iOl). The relations 
betv^en the crystals of augite ai^i of hornblende were discussrid by G. Rose. H. Haga 
and P. M. Jiiger studiSd the X-radiograms of hornblende. The common case of 
twinning has the composition plane (100), and in some cases there are several 
lamella) twinned between larger ports. »A second form of twinning, rafter rare, is 
parallel to the basal pinacoid (001), and is usuall}% polysynthetic. As in the case 
of pyroxene, it is produced by press. Observations on the twinning were made, by 
E. Cohen, K. Oebbeke, F. Becke, C. H. Williams, 0. MUgge, E. Dathe, and W. Cross. 
The cldavage parallel to (tIO) is highly developed, yielding 65° 30', as illustrated 
diagramniatically in Fig. 184, where the outer dotted line represents the primary 

r-- 1 ’form ; the continuous line, a secondary form of that of 

' I the cleavage solid. Cleavages parallel to (100) and (010) 

I 1 sometimes distinct, but rare. Parting parallel to 

the twinned lamelhe is sometimes developed. A. des 
; I Cloizeaux gave for the optic axial angle 2H=92° 37'; 

I I G.Tschermskgave2F-=107°30'and2F—59°. M. Vendl 

v" ' Iwi''f ^ 2F=82° 4.5'. Observations were also made by 

'HomblomUr* ” Dana, H. Eo.senbusch, G. Flink, A. Michel-Lcvy 

^ and A. Lacroix, and K. Zimanyi. A. des Cloizeaux 

found that for j)8rgasite, 2A—95° 53' at 17°, and 100° 38' at 170° 8°. A. Belowsky, 
8t*l A. Schrauf also studied this subject. G. Tschermak, C. Schneider, 
A. Belowsky, and F. J. Wiik studied the effect of composition on the axial angles; 
and F. Rinne, the effect of heat. 


The H]). gr. of most of the, samples analyzed were determined ; the numbers 
range from 2'9 -3’4. M. Vendl gave 3’178 at 20°. The actual number naturally 
‘ depends on the composition—thus the, greater the iron-content, the greater the 
sp. gr. The hardness ranges from 5-6. F. Pfall found the coeff. of thermal cx- 
])an3ion in the direction of the crystallographic axes h and c to be 5-0'0000(X)843 
and c.-=0'000009530, and for a, at right angles to h and c, OtXXXXtSI 19 ; and for 
the coeff. of cubical expansion 0'0()002845. H. Fizeau gave for the coeff. of 
cubical expansion 0 (100015971. F. E. Naumaim gave for tliesp. lit. 0T958-0T976; 
R. Ulrich, 0T941 between 21° and 98°; and J. .Joly, 0-2113. A. Brun gave 1070° 
for the m.p. of hornblende; R. Cusack, .1187°-]200° ; A. L.Fletclier, 1237°-]250° ; 
C. Doelter, ll'50°-122(1°,; and H. Leitmoier, 1180°-1200° for coarse-grained horn¬ 
blende, and 1130°-1180° for tbe, fine-grained mineral. The indices of refraction 
for hornblende given by A. i.lichel-Levy and A. Lacroix are o=l’680, ^-=1’725, 
and y •F752 ; for pargasite, K. Zhnanyi'gave a---l'616, )3=1’620, and y—]’636; 
aud M. Vendl, a=l'698, )3='L6826< and y=l f)929. Other observations were made 
by II, Rosenbusch, A. Belowsky, G. 'rschermak, A. des Cloizeaux, and A. Franzenau. 
For the, birefringence, K, RWnbusch gave y—a ■-0-0264, y—j3-=O OI14, aq.'l'/S—o 
--0'0148. The optical character is negative, rarely ])ositive. Attempts to find 
a relation between the compo.sition and the optical properties have been made by 
G. Tschermak, F. .1, Wiik, W. C. Brogger, G. Murgoci, S. Kreiitz, A. Laitakari, 
W. E, Ford, S, L. Ponfield aod F, C. St.anley, and A. N. Winchell. G, Tschermak, 
A. Michel-L6vy and A. Lacroix, (H, Rosenbusch, M. Vendl, and F, Becke studied 
the ploochroism of the crystals. W. Vernadsky found the crystals are tribolu- 
minesoent. 0. Miigge studied the pkjochroic halos produced by radium radiations. 
C. Doelter found the non-ferruginous'hornblendes are transparent to the X-rays, 
but not so with the ferruginous hoVnblendes. 

C. Schneider' studied the action of steam on heated horqblende. According to 
0. A. Kenngott,^ powdered and moisUSied tremolite. hornblende, and maragdite, 
calcined or uncalcincd, react alkaline to litmus. R. Miiller found that carbonated 
water has a strong action on hornblende, and aboth 1'536 per cent, is dissolved. 
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E. A. Stephenson studied the action of alkahne soln. on hornblende. ('. Doelter 
found that when heated to redness for 3 hrs. in a streamiof hydrogen chloride, 
about 4'i6 per cent, of lime and r57 [)er cent, of magnesia was renderial soluble in 
water. The ferruginous varieti^ of hornblende are attacked by hydrochloric 
acid, but the non-ferrt;ginous varieties are not apprecfably affected. J. VV. Mellor 
found that an hour’s treatment of coarse-grained atid fine-grained horublend(#with 
hot cone, sulphuric acid decomiiosed respectively 1-78 «nd IS tW per cent. 
W. B. Schmidt, and H. Lots investigated the action of siil)ilmroii 8 acid and found 
about 6'7 jer cent, was dissolved. A. BeAer. and C. Doelter studied the corrosive 
action of molten silicate magmas on hornblende. E. C. Sullivan studied thh action 
of soln. of cupric sulphate.on amphibolc. G. Tammann and ('. F. Grevemeyer 
found that magnesia doe.s not act on hoinblende utdOtM)”; linu' acts sb>wly at 
500"; ^and baryta acts quickly at 275°-.3tX)°j For the transformation of horn¬ 
blende into pyroxene, rule supra. The transformatios flf hornlilende in nature 
has been discuased by G. F. Kammcisberg, J. Lemberg, M. F. H<j(ldle, K. Vrba, 
C. R. van Rise, J. D. Dana, C. A. Joy, F. Boeke, ajid B. Kolcnko. Tlio mineral" 
alters into pyroxene as indicated above, and also into biotite, ealcite, chlorite, 
epidote, quartz, siderite, etc. • 

T. von Saftsefienkoff found and analyzed a soft, tough, white, fibroift mineral 
in the I'aligoria mine of the Permian mining 'district, Ural; it was regarded as an 
altered asbestos, and called paligOISCite. Analyses were alsd made by A. Fers- 
mann, and G. Friedel. The composition ajiproximates 

ami A. h ersmann called it a-pnliporscilv, to distinguish it from a similar mineral with 
the, com|)osition H]oMg. 2 AioSi 7024 .'}H 20 , and called ^-paJiijaisnle. The latter was 
also analyzeil by A. Kasakoff, G. S. AV’hitby, M, F. lleihlle, G. T.schurowsky,hnd 
A. Itzehak. A variety high in lime was called cnfcm-pidK/oAcde, The sp. gr. 
of paligorseite is 2’2I7 ; it is not acted on by acids. According to P. A. Schem- 
jatscherisky, it is an altered asbestos. M. F. Hcddle 3? a|)plied the, term pilolit&— 
from in'Aos-. felt - to a fibrous, more or less flexible, and tough mineral resembling; 
the so-called mnaiilain-curk, or mnuntam-lcalher, the colour white,, buff, or grey. 
Analyses were also maile by .A. E. Delosse, Z. Roze.n, A. F. Collins, 
T. Thomson, and A. Fersmann. The last-named called sanqiles apjiroximating 
H| 4 Mg 4 Al 2 SiniO 34 . 0 ll 2 (), a-pMitr, and those ajiproximating lligMgBALSii 3(144 
SlfjO, jS-pdoWc. ^(j. h'riedel described snow-white masses of a fibrous mineral 
from the antimony mine of Jliramount, France, etc,, and named it lasailite—after 
M. lj.asalle. IIe*considers it to be a variety of pilolite. F. W. Ularke re|iresented 
the analyses of the two minerals by the formnb%: . 


Mv Si 0 <'AI(SijO,AIH2) 
Lasailite. 


'-f7H40 




'AlfSGO,.!!,)^ 

Pilolite. 


'-|7H,0 


E. F. Glockcr ** applied the term xylotiK -from ftiAov, wood- to a hind of 
asb^os which is green or brown in colour, and vet}* delicately fibrous. Analyses 
wereVnade by A. Erdmann, A, Fersmann, M. (J. J. Thaulotf, ('. von Hauer, and 
W. Lipdgrcn and W. F. Hillebrand. The composition appfoximatea to that of 
paligorseite, B. Hermann’s xylite is a kind of hydrated asbestos. G, A. Kenngott 
regarded xylotilo as an altered chrysotile. The sp. gr. is 2'4O-2'50. A. Fers¬ 
mann concluded that all tjjese mineralsf paligorseite, pjlolite, lassallite, mountain- 
cork, mountain-leather, and the like, should be grouped togel her ah paligmcitei. 
The composition of the group Is exjilaiued by assuming that they are various 
mixtures of two components--thS oijc, called parasepiolite, has the composition 
H^MgnSisOj:; and the other, called paiAmqntmoriUonite, has the composition 
HjAL;Si40,.,.5Hj0." 

P. Pusirewsky ** found a massive i^iite or rose-red mineral resembling litho- 
marge near Nertschinsk. He called it nefedieffite or iwfedjewile, and represented its 
analysis by the formula H 4 MgAl 2 Si 50 | j, orMgAl 28 i 50 i 4 . 2 H 20 . Whenconfined over 
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6alphuric acid, about 11'3 per cent, of water is given off in 22 days, and this water 
18 restored on exposune to a moist atm.; at 250°, the mineral loses 19'23 per cent, 
of water, and 4'73 per cent, m’ore when heated to the m.p. A. Fersuann and 
L. Zitladeffa represented it by the formula (Mg,&)Al 28 i 50 i 4 . 7 Hj{ 0 , or magnesium 
aluminium mesopentasilio^, MgAl 28 i 50 i 4 . 7 H^O, The sp. gr. is 2’25, and the 
hardness IJ. Water dissolves l?’2 per cent, of this mitieral and acquires an alkaline 
reaction. t 

T. S. Hunt described a green clay-likc mineral which he found at Springfield, Penn., 
and which he called venerite—after Venus, the alchomjst’s symbol of copper.. It contains 
18 M (Ar cent, of magnesia; 17'68, cupric oxide; 6'36, ferric oxide; 14 B7, alumina; 
3U'73,silica; and 12'83,water. 

G. Steiger ^ cfbtainod a*number of thallifcrous silicates by the action of thallous 
nitrate on the zeolites .in a sealed'tube at 250°-290°—e.g. ihallo-amkite" thtdh- 
Ir.ucik, thalb-cliabatitcii, thalh-stittnte, thallo-nalrolite, and lhalio-mesolite. A. Lamy, 
. and G. MUllei*m8do observations on thallium glasm (ij.v.) with thallium oxide as 
one of the bases. H. Flemming dissolved siUca in a boiling aq. soln. of thallous 
hydroxide, and on cooling obtained a whitg crystalline mass which, when dried over 
sulphurii acid, lost 5'38 per cent, of water, and no more when he&ted to 150°. The 
composition approximates 3Tl20.108i02. The soln. deposits silica when treated 
with carbon dioxijq, and the hot soln. of thallous carbonate redissolves silica. 
The soln. becomes turbid On cooling, and clarifies when heated. G. Wyrouboff 
obtained yellow needles of thallous silicate, Tl 88 i 207 .H 20 , which belong to the 
tetragonal system, and have the axial ratio a: c--l: 0'3916. The crystals are not 
altered by heating to 130°, but at 150° they become opaque, and at a higher temp, 
lose weight by tha expulsion of water, L. Bourgeois 42 failed to make silicates ol 
cerium, lanthanum, and didymium by heating mixtures of the oxides of these 
elements and silica. 
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§ 47. The Silicates ot the Phosphoros Family 

W. Skey 1 iiK'ltcd quartz and other ailicates with a mixture of alkali carbonate 
and phosphate, trea^d the product with hydrochloric acid, and washed the insoluble 
matter until the wash-water was free from jdiosphoric acid. Aq. ammonia dissolves 
both silica and phoSphorie acid from the residue, which is considered to be a mixture, of 
silicic and phosphoric acids or a sili^phosphonc aciS, siliconj'l^osphate’oT phosphorus 
silkate. For 1’. Hautefeiiillc and P. Margottet’s silicyl meUiphosphale. SiOjj.PjO,, 
or SiO(POa) 2 , and SiO 2 . 2 P 2 O 6 . 4 H 2 O, v^e silicon •phosphates. H. N. Stokes 
• reported Si 02 p 205 to be formed when 8 iP 206 Cl 2 is heated until no more phosphoryl 
chloride is evhlved. The calcium phosphaf^ilicates cmnolUe, sterdile, and 
a'jjfyie -and the caldum ferrous phosphatosilicate— f/iom<m<e--werc discussed, 
3. 24f 26, and 30. G. Sating also reported a series, <Jas( 4 ’ 04 ) 2 .(Ca 0 ) 2 (K 20 ) 8 i 02 , 
with tne silica replaceable by analogous oxides from the same family giouji of 
elements. For the sodium cerium phosphatosilicate, erikile; and the calcium 
cerium phosphatosilioate, jjrUholite—vidc the rare earths. 0. Meistcr referred to the. 
uses of tin phosphatosilicate for'weightinj; silk. S. J. Thugutt obtained arsmito- 
sodalite, 6(Na20.Al203.2Si02')Na4As206.6H20, or sodiuih aluminium arsenito- 
sUioate. by heating in an autoclave a mixture of kaolinitc, arsenic trioxidc, sodium 
hydroxide, and water for 54 hrs, a^ 207°-20t!°. By using arsenic jientoxidc, he 
obtained acicular crystals of orsenatosoia/ti«, 6 (Na 20 .Al 203 . 2 Si 02 )NasAs 04 .»iH 20 , 
ot sodium ahunininif aisenitosiiicate, when n^7 and 14. Q. Fiink described a 
nuumnese arsenitometasilicate, (H 0 Mn) 2 Mnj 8 i 03 (Af( 0 s) 2 , whole X-radiogram 
corresponded with the hexagonal ot rhoitboh^al symmetry. The mineral was 
called dixenite ; .the sp. gr. was 4 20; the hardness, 3-4; and the mean index 
of refraction, 1-96. It was uifiaxiai and positive. R. B. Gage and co-workers 
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described a hydrated .manganese arsenatometasilicate which occurs in veinlets in 
the normal zinc ore at EranJdfn, New Jersey, and which they c&Wedi MhallenU: 
—after W. T. Schallcr. ‘ Its companion is ] 2 Mn 0 . 9 Si 02 .As 205 . 7 H, 0 , or 
9 MnSiO 3 .Mn 3 AB 2 O 8 . 7 H 2 O, &nd recalls that of ftiedelitCi^MnSij.MnClj.THjO. It 
occiJrs massive, light lyowu in«colour, with a conchoklal fracture, and a vitreous or 
waxy lustre; its sp. gr. is 3 368, and its hardness 4'5 to 5'0. It fuses with 
difficulty, gives off water at a low red-heat, and arsenic is evolved ^t a higher 
temp. The mineral is uniaxial, and lias a perfect basal cleavage. The indices 
of reffaction are m=l’704, and €=1‘679; thef optical character fe negative. 
A. Raimondi mentioned a mineral from the vicinity of Tibaya, Arequipa, 
Peru, .which he called are^uipile, and which he stated to be a lead antimonato- 
silicate. T. L. Walker reported a yellowish-green, pulverulent mineral from 
Ontario with a compo^tion cofresponding with ferrous antimonatcailicate, 
6 Fe 0 .Sb 205 ..^Si 02 . 2 H 20 . He called it chapmanile. It ha9,a sp. gr. 3 58 ; indices 
of refraction a=l'85, y=l'96, and is doubly refracting. It is dissolved by hydro¬ 
fluoric acid, but not by otter acids. G. Flink reported iron-black hexagonal 
crystals of a manganese ferrous antimonatosilicate, 37 Mn 5 Si 07 . 10 Fe 3 (Sb 04 ) 2 , 
from Llingban, Wcrniland, Sweden. It was named Idngbahite, or brujhanite. 
The axial ratio a : (=1 : 1'6437. The sp. gr. is 4'9I8, and the hardne,,s8 6'5. 

(h M. Kersttn^ifound a reddish-brown mineral, sometimes yellow or black, at 
Schneriberg, Saxony, and he called it eulylinc —from evAuros, easily dissolved or 
fusible. Analyses were made by C. M. Kcr8ten,and (I. vom Rath. The comjrosi- 
tion repre.sents bismuth orthosiUcate, Bi 4 (Si 04 ) 3 . The crystals belong to the cubic 
s/stem. A. Frcuzcl found monocliuio crystals of a mineral with the same com¬ 
position at Johaihigeorgenstadt, Saxony. He called it m/ricolite .—after G. Agricola. 
Bismuth orthosilicatc thus appears to be dimorphous. According to A. Frenzel, 
agrieolitc is tins arsenical bismuth of A. Breithaupt, and A. G. Werner. The sp. gr. 
of eulytine is 6106, and the hardness 5J-0. It is decomposed by hydrochloric acid 
with the separation of gelatinous silica. A. Frenzel also found a ferruginous 
bismuth silicate in the same locality, which he called bistmiiofmile ; its conqjosition 
ai)proximated Bi 203 . 2 Fe 203 . 4 Si 02 , and its si), gr. was 4'47. 

Accor<ling to J. J. Berzehus,'' when a vanadyl salt is added to a soln. of an alkali 
silicate, a pale grey precipitate of vanadyl silicate is formed. On exposure to air, 
this silicate turns brown, and finally green, and at the same time becomes in.soluble 
in water. A. von laisaulx noticed a mineral at Salm Ghateav, Ardennes, which 
he called Munyandi/ilhnie on account of its 8 Ui)poaed resemblance to cyanite ; and 
later aidennite. F. 4’'.8ani called it dewah/ukc —after G. Dewahiue. Analyses 
were made by A. Lasaulx and A. Bettendorff, and F. I’isani; and the results 
agree roughly with the formula HjoMnjnAlioSijoI^Oss or H 5 Mi’ 4 Al 4 Si 4 V 023 , or 
8 MnO. 4 Al. 2 O 3 .V 2 O 5 . 8 SiO 2 . 5 H 2 O, manganese aiumiph’m ""Vpadatosilicate. 
Some arsenic may replace vhnadiuKi, ferric iron the aluminium, and magnesium and 
calcium the manganese. T^ie prismatic crystals of ardennite are yellow or yellowish- 
brown in colour. According to G. vom Itath, the rhombic crystals have the axial 
ratios «: ft : c-0'4'o63 :1:0’3135. The cleavage 010 is perfect, and the 110- 
eleavage is distinct. There are partings parallel to c with horizontal striations like 
cyanite. The sp. gr. is 3577 -3'620; and the hardness 6-7. The mineral is 
pleochroic. A. Michel-L4vy and A. Lacroix made some observations on the optical 
properties of the mineral. J. Blake. found a vanadium-mica at Granite Creek, 
El Dorado, Cal., and named it roscoelitc—alter H. E. Roscoe. Other finds were 
reported and analyses made by F.' A. Genth; W. F. Hillebrand and co-workers, 
E. 8 . Simpson, and H. E. Roscoq. Atteffipts to derive a formula have not been 
very successful. H. E. Roscoe concluded that the mineral has the composition 
, 4 AlVO*.K 4 .Si,dio.H 20 ; F. A. Gen-th gave K 4 (Mg,Fe) 2 (Al,V) 8 Si 240 e 4 . 8 H 20 , or 
H 8 K(Mg,Fo)(Al,V) 4 ( 8 i 03 )i 2 . F. W. Clarke, and P. Groth assumed that the mineral 
is compounded of three different silicates; and the fonner considers that the 
idealized mineral has the composition potasaum divanadium dibydioalamino- 
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trioithosilicste, KHjVjAllSiO^js, or (V^i04)j=Al-SiO^sKHj, analogous to 
phlogopite, KHjMgsAllSiOjls. Roscoelito occurs,in minuto.soales often in stellate 
or fan-slteped groups coloured dark brown, gre,eni3|>-brown, or brownish-green. 
F. E. Wright observed that the corrosion figures agree better with the monoclinic 
than with the triclinic^SJ'stem. According to F. A. Genth, the sp. gr, is 2 ' 92 -ll'!)l; 
H. E. Roscoe, 2 ' 902 ; and F.*E. Wright, 2 ' 5-3 0. B. Roscoe said that the tiard- 
ness IS 1 . F. E. Wright found that the cleavage parallel to ( 081 ) is perfect and good 
when parlllel to (010); the optic axial angles 2 £= 42 '’- 69 ° for Na-light, and 
34 °- 60 ° fo^ Li-light; the indices of refraction are, o-G ’ 610 , j 3 = 1 - 685 , and y= 1 - 704 . 
The optical character is negative. The mineral is pleochroic. A. des (.'foizeaux 
made some observations ou the optical properties. The mineral is but slightly 
attacked by boiling cone, sulphuric acid ; but it is rapidly Ji;composed.by dil. 
sulphgfic acid in a scaled tube at 180 °. , 

According to C. Fricdbeim and C. Castendyck,® vshen ammoniinn vanadate 
and ammonium silicdlnolybdato are mixed into a paste with waV'r, interaction 
occurs, and a clear red soln. is obtained, The intejisily of the ci#nir is greatest 
when the mol. ratio (NH4)20.V.)06 : 2 (NH 4 ).> 0 . 8 i 0 o.l 2 Mo 0 j. 81 l 20 is 2 : I, and the 
soln. deposits large, lustrous red crystals of ammoniom silicovanadatomolyMate, 
3(NH4)20.Si02.V.,;05.11Mo03.27Ho0 - often 2 cnis. in length; These crystals are 
easily soluble in water, and during their formation become contaminated by sparingly 
soluble ammonium vanadiomolybdates of varying compositfdn,*the latler being 
separated mechanically. The composition of the.se ammonium vanadiomolybdates, 
according to the order of their separation, is as follows: (1) 2(NH4)202V2O5. 
SMoOj.BlLO. yellow; ( 2 ) (NH4)20.V.>05.2Mo03.4H.,(), yellowish-green; 

( 3 ) 2(NH4)20.3V.2b5.4Mo03.11H20,bright brown; ( 4 )(NH4)2b.2V205.2Mo03.8H‘20, 
reddish-brown; ( 5 ) 4(NH4).20.12V205.5Mo03.24H20, browmlih-red. Tlie first 
three of these are microcrystallinc whilst the two last form felted needles. 
On recrystallizing the foregoing ammonium silicovanadiomolybdate from 
water, either hot or cold, decomposition occurs, and a series of com|)ounds,. 
(1) 3 (NH 4 ). 20 .Si 02 .V 205 . 9 MoO;,.201120 ; (2) 3 (NH 4 ). 20 .Si 02 .V. 205 . 10 MoO,,. 21 H 20 ; 
( 3 ) 3(NH4)20.Si02.V203.15Mo03.24H20, is obtained : these ditler little from the 
parent substance and from one another in colour and crystalline form, but are 
diSerentiated by the behaviour of their sat. soln. with silver, lead, and mercurous 
nitrates. The follc^wing table gives their principal physical jiroperties: 


Ammonium 

KlIicovanatHomolylxlato. 

Sp. gr. of Rolid 
at IS". 

Sp. gr. of Httturaied 
fK>ln. at 18°. 

Soiutitlity in 
gramii i>cr o.<-. 

3: 

1:1: 9-1-2011,0 

2 8()2(r 

1 21322 

0-32010 

3: 

1:1: 10 + 21H,O 

• 2 8044 

• 1 26275, 

0'J.5026 

3: 

1:1; 11+2711,0 

2’8074 

1-29266 

0'3S086 

3 : 

1 ; 1 ; 1.5 + 2411,0 

2-8i«2 

I '43761 

0-48997 


It is noteworthy that the addition df e,ach uiol. of molylalemim trioxide causes 
a regular increase of approximately ()- 0 t )237 ijnit in 4 ,he sp. gr. of the. solid salt; 
0 037 unit for the sp, gr. of the sat. soln.; and 0 - 0.30 unit for the solubility. The 
salt! epntaining 9M0O3 and I5M0O3 can ho recrystaflized unchanged from water, 
but that containing IOM0O3 yields a mixture of the other three salts. Their 
forrauhition is illustrated by : 

When potassium chloride is added to cold sit. soln. of these salts, eiyslalline 
potasamn ammonium ailiooTanadatomolybdatea are formed in which 2(NJ{4)20 
of the parent substance is replacAl \y 2 KjO. The physical properties of thiae 
complexes ate as follows: * , 

* Hp. gr, of Sp. gr. of Mt. SolublUtjr in 

Oumpcwltkm. • soltS, * soln. at3s^ grocuptres;, 

(NH4),0.2K,0.8i0,?V,0,. 9.MoO,.20H,(l* 2-8648 1 17031 024021 • 

(NH,),O.2K,O.8iO,.V,O,.10.MoO,.21H,O 2-8682 1 19184 0 20914 

(NH,),0.2K,0.8iO,.V.(),.ll>(oO,.12H,0 2 8704 1-21378 0 27914 

(NH,),O.2K,O.8iO,.V,O,.10MoO,.I4H,O 28803 — — 
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Similar laws to those obtaining in'thc case of the original ammonium compounds 
regulate the change ohsp. gr. anjl solubility of these salts; moreover, the replace¬ 
ment of 4 K for 4NH4 in the, original salts increases the sp. gr. in each Case by a 
constant amount equal to 0;()634 unit. On the other hand, the difference between 
the sp. gr. of sat. soln. of the corresponding ammonium^and jwtassium salts increases 
by approximately 0 02 'unit for each addition of IM0O3, whilst a similar increase 
of 0 01 unit is observtsd in the solubility. 

According toC. Friedheira and W. H.|Iendcrson,8ilicovanadatotung8(atescan be 
obtained by the action of hydrolluosilicic acid on a mixture of tungstatq and vana¬ 
date. i'rom the |)roduct of reaction between ammonium vanadate and ammonium 
silicotungstate a hydrated ammonium sUicoTanadatodecatongstate of the formula 
(NH4)j8iV.3W]o04o,21HoO has been obtained. It forms reddish-brown, octahedral 
crystals of sp. gr. 3'428 at 20 °. Onqc.c. of its sat. soln. at 17 ° contains 0 ’Ci 652 grm. 
of the hydrated salt. If the product be not evaporated to dryness, but subjected to 
^ fractional crystallization, a salt of the formula (NH4)((8iV2W9037.24H.>0 is obtained 
having a sp. gr. 3 ' 396 . Two series of salts have been produced, a deca-series with 
the ratio of SiO.2 to WO3 1 : 10, and a series with the ratio 1 : 9 . The deca-salts 
which have been prepared are: hydrated sodium silicovanad^todecatungstate, 
N838iV2W)o04o.29HiO, in reddish-brown crystals of sp. gr. 3 ’ 344 ° at 20 °; the 
potassium salt, K88iV.2Wio04o.22H2t),<in the form of reddish crystals with a sp. gr. 
3'664 at' 20 °, iSie' barium silicovanadatodecatungstate, Ba3SiV2Wjo04(,.28H30, 
with a fip. gr. 3'66 at 20 °. One c.c. of the sat. soln. of the barium salt contains 
0 0384 grm. of salt. A potassium ammonium silicovanadatodecatungstate, 
NH4K5SiV2Wio04o.23H20, soluble to such an extent that 1 c.c. of its sat. soln. 
contains 0 5072 grm., and an ammonium potassium barium silicovanadatodeca¬ 
tungstate, (NH4)2’1 v2R®®'V2W|oDio'25H20, which crystallizes in holohcdral forms' 
of the regular system, have also been obtained. Potassium and barium silico- 
vanadatoenneatungstates arc obtained at the same time as the deca-salts. By 
I the action of potassium silicotungstate on potassium vanadate, a salt of the formula 
K|48i2V8Wi303o.42H20 is produced, and it gives the salt Ki28i2V8W|g079.31H20 
on crystallizing from water; both these arc red solids which form crystals belong¬ 
ing to the monoclinic system. The barium silicovanadatoenneatungstates are; 
BuSi 2 V 4 W] 3 O 30 . 83 Il 2 O and Ba8Si2V4W,8079.50H2O; they are both red and form 
rhombic crystals. These salts are all deeompo,sed by cone, acii.ls or alkalies ; they 
give characteristically coloured prcciiiitates with lead, silver, and mercurous salts. 
Their formulation is illustrated by : 

G. Flink ’ found small octahedral cubic crystals, sometimes hollow and other¬ 
wise irregular, associated with legifite at Narsarsuk, Greenland. Tpe mineral was 
named chakolamprite—hom' ;(aAi«r5, copper; and Aaprrpos, lu.stre—in allusion 
to the copper-red metallic iridescence. The composition approximates CUltpum 
fluocolumlMtosilicate, Ca8i63.CaCb208F2, and there are small proportions sjf the 
cerium earths, alkalies, manganese oxide, and tantalic oxide also present. The 
colour is dark greyish-brown inclining to red. No cleavage was observed. The 
sp. gr. is 3 ' 77 , and the hardness 5 5 . 0 . B. Bdggild deswibed a mineral from the 
ncphelite-syenite region of .lulianehaab, ond Kangerdluarsuk, Greenland. It was 
named epLihlilc —from imaroXi^,^ letter—in allusion to the flat rectangular form 
and white colour. The composition approximated to that of a sodium fluocolnm- 
bstotltanosilioate, 10Na2O.4NaF.(0a,Mg,Mn.Fe)O.4TiO2.19SiO2.5Cb2O3.21H2O. 
F. Zambonini discussed the chemical composition; and showed that the water is 
not constitutional. At 22 °, over sulphuric acid of sp. gr. 1 ' 835 , the mineral lost 
0'66 per cent, of water in 1 hr. and 1’83 per cent, in 143 hra-; and when heated, 

' the jmreentage losses were; 

86* 180 ’ IW 19 S’ 8»f)’ 3 , 10 ’ 346 ’ 300 ’ 400 ’ 

Loss . M3 2»0 6-36 7 16 7-92 8-88 9 10 9 40 9-47 
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The total loss was 10‘52 per wnt. According to 0 . B. Bdggild, the rectanfjiilnr 
tabular crystals belong to the monoclinic system, find have the axial raticw a : h: c 
—0 803 : 1 ' 206 , and J 3 = 74 ° 42 '. The OOl-eleavage.is very }M>rfcct yielding thin 

plates, and the 110 -cleavage is distinct. The sp. gr. i 8 ^ 2'885 ; the hairiness 1 - l A; 
the optic axial angle, 2 K— 80 °: and the refractive index, 1 ' 67 . The optical character 
is negative. G. Flink * found a chocolate-brown mineral at Narsarsuk, Grcenfand, 
which he named enddolite—from tvStia, want; and Aid*, stone—in allusion 
to the factthat the analysis showed a cons^lcrable loss. The composition approxi¬ 
mates calqlom bydroxTCOlumbatosilicate, CaCbo0,(0H)2.CaSi03. The minute 
octahedral crystals belong to the cubic system. The sp. gr. is 3 44 ; and the 
hardness 4 . The mineral was also examined by 0 . B. Bdggild and C. Winther. 

The minerals epistolite, dysanalytc, pyrochlorc, a'schynitf,, euxenitiv blom- 
strandije, priorite, raarignacite, and boranskite are either coin]>lex colmnbato- 
titanates or complex tantalatotitanosilicatcs, and they llbve been discussed in con¬ 
nection with the rarc^rths, and scandium. 

• 
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Zeit. Krynt., 13. 1, 1887; T. L. Walker, Amcr. Min., 9. 66, 1024; Vntv. 'Foronto (frd. 8tud., 
17, 1924; A. Raimondi, Lea miniraux du Pirou, Paris, 167, 1878 ; R. B. Gage, K. K.* learHttn, 
and H. P). Vaiwar, 9, 1925; 0. Mointer, CAcm. Zty., 2^. 723, 1905; G. Sanng, 
^berdetiAufgcAlms von Phmphalen durch KieMhaiire bei hohen Tmix’ratnrefi, Dresden, 1006. 

* C’. M. KerBten, Pogq. Ann., 27. 81,1833 ; G. vom Rath. »5., 1^. 416, 1860 ; A. Ureithaiyit, 

i6., 9. 275, 1827 ; Vehcraicht des Minerahytutam, Freiberg, 66,1^0 ; Volhiandigca Unndhuck drr 
Minmtloqic, Dresden, 2. .303, 1841; VoUsIdndigra (’AnraklrriHtik drr MinfrnUynUmi, DroHclpii, 
230, 1832; A. P’renzel, litura JuArb. Min., 701, 047, 1873; 686, 1874 ; Journ. jtraH. Vhrm., 
(2), 4 355, 1871 ; TachermaPs Mill., (2), 16. 528, 1896; P). Bertrand, RuU. 8oc. Min., 4. 61, 
1881; Klein, Nruea Jahrb. Min., ii, 106, 1882; A. G. Werner, Ulxtaa MiwroUyfiU'fna, 
P'reiberg. 23. 62, 1817. • 

* J. J. Berzelius, St'enaka Vd. Akad. Hnndl., 1. 1831 ; Schiveiggrr'a Journ., 62. 121, 1831 ; 
Pogff./Ittn., 22. 1,1831. 

* A. von Lasaulx. Brr. Niedrrrk. Gra. Bonn, 29. 180, 1872 ; A. vi»ii Taaaaulx and A. Betldjn* 
fiorff. Pogg. Ann., 149. 241, 1873; A. Bettendo^, ib., IW. 126,1877 ; G. voin Hath, ib., 147. 247, 
1873; P'. Pisani, Vompl, Bend., 75. 1542, 1872 ; 77. 329, 1873 ; A. Miehel*L6vy and A. I.4icroix, 
Lea miH^aux dea rochca, Paris, 155, 1888. 

* J. Blake, Anur. fourn. Scien''^, (3), 12. 31, 1876; W. P'. Hillebrand, H. W. Turner, and 
F. W. Clarke, ib., (4). 7. 451.1899 ; W. F. Hillebrand and F. L. Ran«ome. i6., (4), 10. 120.1000; 

P^ E. Wright, lb., { 4 ), 38. 305, 1014 ; F. A. Gentk, ib., (3), 12 . 32, 1876 ; Pwr. Anur. Phil. 8oc., 
17 . no, 1877 ; H. E. Riiscoo, Proc. Bo^ 8oc., 25 . 100, iSfO ; P'. W. (3arke, TAc Vonalituiion of 
the Natural 8tlim(fa, Washingt-on, 51, PSH ; P. Groth, TahelhriarFeafJfheraicht der MineraUrn, 
Braunschweig. 1808 ; A. des Cloizeaux, Bull. 8oc. Mtn., 1 . 51,1878 ; 4. 56,1881 ; PI. 8. SimiMwm, 
Bull. (kol. Sur. W^lAuatralia, 42 . 140,1912. * 

* C. P’riodheim and C. Castendyck, Rrr., 33. 1611,1000; C. Caatcndyck, Vclter Ammonium^ 

ailicomnadinmol^bdak, eine neue. Klnaae von chemiffchcH ferbindyngen, Bern, 10(K); C. Fricdhciin 
and W. H. Henderson, Bar., 3242,1002. • 

Flink, Medd. Ordniand, 14. 234, 1808 ; 24. 160, lOm ; 0. B. Bbggild. ib., 24. 183, 
1901; ¥. Zambonini, Mem. Acc^. Napoli, 14. 60,1908. • 

* G.^nk, Medd. (honiand, 24. 166,1901; 0. B. Boggild and C. WinJ-her, t6.,21. 234,1898. 


§ 48. Tbei, Silicates ol the Titanium-Lead Family 

R. Bickei found that mixtures of siBca and titanic.oxide give a V-cutectic 
at about 1530 ° with 40 i)cr cent, of titantic oxide ; and there is here inconclusive 
evidence of a maximum corresponding with ^he formation of a titanium silicate, 
TiOj.SiOj. Observations with titJnic, oxide and slag or clay (g.v.) were made 
by II. A. Seger and E. Cramer, H. Rics, C. ^rjice, R. Rieke, and G. F. Comstock. 
The softening temp." of binary mixtures of titanic oxide and clay, by R. Rieke, 
were: • , * 

TiO, .0 10 20 30 40 50 60 80 100 per cent. 

Temp. 1770“ 1740“ 1660“* 1680“ 1630“ 1610“ 1670“ 1660“ 1610“ 
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For colloidal titanium silicates, mie sufra, water-glass. L Bourgeois, ohtaincii 
crystals containing the dioxides bj fusing the dioxides of fin, silicon, or titaniu?)i 
with calcium ^uoride. ^ ^ 

In 1787 , M. A. Pictet 2 described une nouvelk substance minirale from Chamouni, 
which J. C. Delam^thcrie called piefite. M. H. Klaproth Analyzed the niineiul from 
PasSau, and he named it titihite. L. J. M. Daubenton designated the mineral 
titane siliceo-cakaire. A. G. Werner called it jBraMnmena^er:—after Menaccan. 
Cornwall. H. B. de Saussure referred ^to it as schorl rayovnanle en goMiire; and 
K. J. Haiiy called a related mineral sphene —from a wedge. TJie chemical 

identify of titanite and sphene was established by the analyses of P. L. A. Cordier, 
M. H. Klaproth, and G. Rose. , 

An applc-grooil Variety of sphono from Liguria, Apennines, was called by 1). Viviani * 
ligurilfi; a brown variety from Lewis ♦.’ 0 ., New York, was called lederiU by C. U. gbepard ; 
and a reel variety from I^odmont was (‘ailed (jreenoi^Ue —after 0. B. Ureenough—by 
i’. A. Diifn'mo;)^. It was also described by A. Breithaupt, J. C. (f: de Marignac, A. Delesse, 
and A. dcs Cloizcaux, and is coloured by manganese. The Norwegian mineral, the cucolitc- 
titaniic of T. Schoerer, resembles eucolite or eudialyte, and, according to W. C. Jirogger, it 
contains 2-3 per cent, cerium oxide, and 35 j)er cent, titanic oxide- vide rare earths. A 
greenish^varioty from Maronne, Daupbint'i, was called by F. de Bellevue semelme from ita 
resemblance to flax-seed —semen hni, and by R. J. Haiiy, spinthere—trofn anivdiip, 
spark -in allusion to jts lustre, A dafk brown titanite from Plauen (inmd, Dresden, was 
invostigattni by ttgoth, and called by J. I). Dana, grothite. The sp. gr. is 3'5, and the 
hardness 6 . Jb contains from 2-5 per cent, of yttna and 31 per cent, titanic oxide. 
C. W. rtlomstrand described a greyish or brown mineral from Alsbeda, Smriland. Sweden, 
with a sp. gr. 5, and hardness 3 ; he called it alshedite —vide rare earths P. (\ Weibvo 
called a yellowish-green variety occurring in lanceolate crystals at Arondal, Norway, 
as^jidiiite: A. von Lasaulx applied the term titanomorphile, to a whit« altered variety 
from Laraporsdorf^Silesia, which was considered by A. Beltendorff to l>e cnleiuin titanito 
but A. Catlirein showed its relationship to titanito. W. von Oumbcl applied the term 
leuroxene to a greyish-white opaque alteration product of titanife rous iron. A Cathrein. 
H. Hosenbusch, and F. Zirkel showed it to bo a variety of titanite. C. U. Shepard apfilied 
the term xnnfhitdne to a yellow alteration product of titanite from (Iroeii River, Henderson 
t!o., North Carolina. !<. (1. Kakins regarded it as a clay with titanic oxides in place of silica. 
C. U. Shepard called a roddish-bniwn or black mineral from McDowell Co., North Carolina, 
pyromelane. ; it is a variety of titanite. A. Breithaupt found yellow monoclinic crystals 
of a mineral whi(;h ho called castelhte. at llolonkluk Mt., near ProKsscht. A. Erd¬ 
mann applied the term kfdhnHite—HiU''T B. M. Keilhau -to a dirty brown or black 
titaiiosilicate of calcium, aluminium, ferric iron, and the yttrium clonients approxi¬ 
mating l 6 CaTiSi 05 .(AI,Fe.Y). 4 (Si'ri) 0 B, and containing about 2 (»- 3 <<) per cent, of titanic 
oxide, 12 |wr cent, of ceria earths, and C 0 per cent, of yttna eartlis. '1\ Scheerer callcMl it 
yttrotitnnite - ride, titamwilicati's. Tlio monoclinic crystals are i.soiu'^rphous with tlioso 
of titanite. 'I'ho sp. gr. varies from 3'52 to 3'77, and tlie liardrioss is (P5. F S. Heudant 
mferred to whM he calleij, a mttUrU de. Coromandel, tins has been identified with the 
bt»u‘k mineral tschejjkirdte found by 0. Jtoso in the Jlem Mts . Tlral. Analyses were made 
by H. Itoso.otc.— mde. rareeartl\| C. F. Hammolsborg. and A. deaCloizeaux gave formula) 
for the mineral. R. C. Price’s analysis corresponds with (Ca,Fe)j(Di,Ce.La.Fe)^{Si,Ti) 50 , 5 . 
R. Hermann found thoria present, in 'iho Russian mineral, hut A. Darnour found no thoriu 
in th(' Indian mineral. The • ninera'^analyzod aetims to 1 k> an alteratiori product, and is 
possibly related to keilbuuito. 

^ f 

Analyses wore made by M. H. Klaproth,** G. Hose, P. L. A. Cordier, K. Rose, 
C. Busz, H. Rosales'; F. A. Gonth, F. W. Clarke, M. Schnioger, A. Cathrein, J. N. von 
Fuchs, A. Delesso, W. C. Brogger, J. C. G. de Marignac, J. Lemberg, M. F. Heddle, 

A. Erdmann, D. Forbes, C. F. Rammelsberg, G*; LindStrdm, 0 . W. Blomstrand, 

B. B. Knerr and E. F. Smith,*A. E. Arpjle, J. Harrington, R. Soltmann, T. S. Hunt, 
J. Bruckmoser, P. Groth, C. Hin*lze, H. Lenk, F. Zambonini, etc. 

U. Rose 5 represented titanite ^ly a formula in which the titanic oxide was 
considered to be basic, but J. J. Berzelius allowed that titanic oxide is more probably 
acidic, and he regarded titanite a compound of calcium silicate and calcium 
titanate. C. W- Blomstrand favoured H. Rose’s bypotbesiff and represented the 
mineral by the formula Ca: O2: Si: 0 ^^ TiO. P. W. Clarke, F. Zambonini, and 
0 . Hauser, like C. W. Blomstrand, regard titanite as a basic salt, calciom tita&yl 
orthosilloate, Ca(Ti0)Si04. P. Groth regarded titanite as the cJilcium salt of 
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mesosilicic acid, calciam mesotitanosilioate, in which part of the .silicon ia replaced 
by titanium: ^ , 

flO-Si:0^„ H0-Si:0. „ ^0-Si:0^„ 


H0-Si;0" 


H0-Si:0^ 

.H()~Ti:0-' 


Mctiosillclc acid, HjSljOj. ^MeaotltanoHlIlclc acid, HjSi'UJOj, Titaidtc, CaSlTIOj. 

The varieties of titanite which contain sesquioxides are 8up*pq?ed by P, Groth to be 
mixtures *1 CaTiSiOs and (AhYI^SiOs; while (', W. Blomstrand sujiposed that the 


complexes AljOj, FejO^, etc,, can reJIlace, 
the titan^ group, while bivitlent iron and 
manganese can replace calcium. Accord¬ 
ing to F. W, Clarke, xauthitane apjiroxi- 
mates to AfeTiaO;^!!^; tscheffkinitc to 
(Fe,(.'a);)Ce|)Ti 4 Si 50 ;) 2 ; and keilhauite re? 
scmbles titanite with»Ca or TiO replaced by 
R"'OHorK"’(OH).,, 

Titanite is a |)yrogenic mineral and is found 
as secretions in the oldest siliceous locks -- 
granites, diorites* syenites, and trachytes. It 
occurs as a secondary mineral derived fjom 
rutile or ilmenite. Titanite does not seem to 
be easily synthesized, S. Smolensky measured 
the f,p. of mixtures of calcium nietasilicatc 
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186.—J'rStfeiiai-ISjint •Curves of 
Mix! urea of Calcium .Metasyicatioiiul 
Mutiititaunte. 


and metatitanate, and found two breaks in 


the cooling curve. The upper ones corres|iond with the crystallization ofithe 
inixturi’ to form homogeneous solid soln.. and the lower one ds produced by the 
resolution of the solid soln. into the com|ionent metasiheates. The f.p. cnive has 
a ndniimmi at IPdO” and 33’4 molar per cent, of calcium metatitanate ; and the 
decomposition curve has a maximum at about 13,hO”. ,). J. Kbelmen " idiserved 
gVeenish-yellow crystals of titanite were formed in fused mixtures of titanic oxide* 
silica, and an alkali or alkaline earth carbonate. F. Foinpie and A. Michel-Lfivy 
made a similar observation. P. Hautefeuille melted a mi.xture of silica and titanic 


oxide or rutile with an excess of calcium chloride; if some manganese oxide ia 
also |)reaenl the resulting crystals of titanite arc ro.se,-rcd. L. Bourgeois, and 
S. Smolensky alsR observed the .separation of crystals of titanite from various 
magmas containing silica and titanic oxide. S. Smolensky found the blue, 
artiticial crystals enclose small crystals *of (lerowskite. L. Michel found titanite, 
crystals were formed by hcatiilg mixtures of fltaniferun* iron, calcium sulphide, 
silica, and carbon. P. Sustschinsky, and K. van der Bcllen observed titanite 
crystals were formed after heating to HdO" a mixtfirc of lime, quartz, and rutile, 
3’ho colovi of titanite may be brown, gr(% yellow, green, fose-red, and black ; 
and it may be transjiarent or n))a(|ue. Th» mondllinic crystals vary in habit; 
th*y are wedge-shaped and flattened, or prismatic. The mineral is sometimes 
massive and compact -rarely lamellar. The crystals h#ve been studied by A. des 
C'loizqaux.t C. Busz, W. H. Miller, V. Goldschmidt, F.» Hessenberg, V. von 
Zepharovich, A. C. l^ane, .1, C. G. de Marignac, A. Ldvy, G. vom Rath, 11. B. Patton, 
A. Strong, H. Gredner, Groth, H. Traubc, R. Helmhackcr, F. Becke, 0. Mllgge, 
J. F. Kemp, F. Kretschmef, A. von laisaulx. A,Schmidt, C. Palaclie, W. J. Lewis, 
I. Bachinger, L. J. Igclstrdm, F. J. Wiik, G, Plink, A. von Eltcrlcin, 1). F. Wiser, 
E. Artini, A. Arzruni, .1.1). Dana, W. C. Brdgger, J. F. Williams, P. von .TeremejelT, 
etc. The axial ratios, according to W. des Clofzeaux, are o: 6: c=0'75467:1: ()•8642y, 
and J3=60° 17'. Both contact and cruciftinn penetration twins are common, the 
former yielding fortns apparently hemimorphic. The twinning plane (100) is common, 
and (001) rare. IVlysynthetic twinnip lame.llai occur sometimes giving rise to 
easy iiarting. Parting produced by twinning has been studied by P. von Jeremejeff, 
G.'H. Williams, and 0. MUgge, The faces 100 and (112) are often striated. The 
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deavage ( 110 ) is distinct; and ( 100 ) and ( 112 ) imperfect; in greenovile^ the ( 111 ) 
cleavage is easy, and (111) is less so. According to C. Busz, the optic axial angle 
2J?—57° 20J' with Li-light, 52'' 29J' with Na-light, and 47'' 54§' with' Tl-light; 
and 2V—2\f 30J' with Li-light, 27° OJ'with Na-light, and 24° 27^'with Tl-light. 
The optic axial angles vary widely, but the enect of cbmposition is not clear. 
C. BOsz observed no marked c'nange in the optic axial angles when the temp, was 
raised to 200 °; and<A. dcs Cloizeaux found that at 26’5°, 2A'=53° 34'; at 171°, 
2E-=55° 18'. ^ " 

The specific gravity of titanitc ranges from 3 4- 3 8 ; that of yttpititanite is 
3'8. Tiie hardness is nearly 5 ; that of yttrotitanite is nearly 6 . 1.1. Saslavsky 
studied the molecular volume and the compressibility. According to R. Cusack, 
the mating point, of titanite is 1127°-! 142°; A. Brun gave 1210°; S. Smolensky, 
1221°; and V. Doelter, 1230°. ,A. L. Fletcher found that various tj,tanitcs 
begin to show signs of melting at about 1250° and 1350°; keilhauitc melted 
at 1110°. Ai^ording to L. Bourgeois, titanite when melt'ed is unstable, and it 
‘ furnishes perowskite, and ca,lcium metasilicatc. G. A. Kenngott said that the 
coloured varieties become paler when heated, but become darker just before fusion. 
C. Busz found for the indices of retraction of titanite, |3=1'8839 and y=l’9987 
for Li-li^it ;^ =1-8940 and y—2 0093 for Na-light; and |3=l-9041 and y=2 0239 
for Tl-light. H. Resenbusch found the pleochroism gave o almost colourless; 
b, yellow*with a grebfiish tinge; and c, reddish-yellow to brownish-red. C. Pulfrich, 
W. C. Rrogger, and T. Liebisch made observations on this subject. The optical 
character is positive. G. W. Ilankel studied the pyroelectric properties of titanite. 

G. A. Kenngott found that the moistened powdered mineral— calcined or 
untalcined—reacts alkaline to litmus. The mineral is but partially dissolved by 
hot hydrochloric deid ; it is completely decomposed by sulphuric acid; but best 
broken down by cone, hydrofluoric acid. According to J. Bruckmoser, hydrochloric 
acid acts slowly at ordinary temp., and only a part of the titanic acid goes into 
, 8 oln.; at higher temp, the decomposition is faster and almost all the titanic acid 
goes into soln. The residual siliea has the properties of mesosilicic acid, H 2 Si 2 G 5 . 
J. Lemberg found that when titanite is treated with a soln. of magnesium chloride 
part of the calcium is replaced by magnesium ; but no interchange of bases occurs 
with soln. of sodium carbmial(! or silicate. A. Johnsen found that the ferrous 
oxide in sphene could be oxidized by heating in oxygen, or redpeed by heating in 
hydrogen. L. G. Eakins noted the transformation of sphene into xanthitane ; 
P. Mann reported the alteration of titanite into rutile; B.Do.s 8 Observed pseudo- 
morphs of anatasc after titaniteand it. Sehneider showed that titanitc can be 
altered into (jerowskite! ' ‘ 

G. Flink * found minute acgmlar crystals, colourless or tinged violet or brown, 
in the pegmatite of Narsarsuk, Grepnland, nnd he called the mineral lorenzenite— 
after J. Loronzen. The analysis' by R. Mauzebus corresponds with K)dium titanyl 
Olthodisilioate, NaafTiOjaSiaby, in* which part of the titanium is replaced by 
zirconium. P. Groth regprdrd it as a salt of a polysilicic acid, Na 2 (Ti,Zr) 28 i^OQ, 
with Ti: Zr==9; 2. F. W. Clarke gives ANajfTiOl.SijOy.NaafZrOlaSijOy. F.'Zam- 
bonini also regarded it as a double salt. The crystals belong to the rhombic system 
and have the axial ratios a:b: c=0-6042 :1:0-&92. The (120) cleavage is distinct; 
the sp. gr. 3-42; the hardness 6 - 6 ^ ; the optic axial angle &’=72°; and the indices 
of refraction, a—1-7320 and y-=l''|786 for red light; and a=l'7785 and y=l'7876 
for yellow light. The optical character is positive. E. E. Kostylcva described 
a mineral with the same comisjsitign as lorenzenite which was collected hy 
A. E. Fireman in the pegmatite veins of Klpbihskii and Lovozerskii tundras. It 
was named ifunsayite, after W. Ramsay, the Finnish geologist. The mineral 
occurs in black or dark brown aggregates; and possesses a metallic lustre. The 
yhombio crystals have the axial ratios a-:b: c=l-2116 ; 1 : P6520. The (100)- 
oleavage is jierfoot; the (110)-ole8vage is less good. The sp. gr. is 3’43, and the 
hardness 6 . The mineral readily fuses to a black'bead. The mean index of 
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refraction is 1'9; and the birefriiigenca y-a=0-09; the diaiwreion is strong; and 
the pleochtoism marked. t 

G. Fli»k * found a mineral which he named ifkisarsoldte in several localities 
near Narsarsuk, Greenland. According to F. W. Clarice, C. Ohristc-neen's analysis 
corrosimnds with godwau titanilun dimesotrisilicatd, TifSijOgNaj)^, in which 
about one-sixth of the sodiunf is replaced by the uiflvalent /adicle FeO. F. Unm- 
bonini represents it by the formula bNaaSiiOlFcOolaTijOB, which is regarded as a 
salt of tetrOTosilicic acid, Hj)Si 409 , where the silicon is in ))art replaced by titanium 
and, may be, zirconium. The colour is yeflow or reddish-brown. The tabular or 
cubic crystals belong to the tefragonal system, and have the axial raliti n:r. 
=1:0-5235. The cleavage (J 10 ) is distinct. The sj). gr. is 2-751. and the hardness 
T-TJ. The indices of refraction are co=l-.55.‘12, and t-,-l-5842 for Na-light. The 
optical character is positive. The mineral is not attacked by ortiinarv acids. 

H. X. Brouwer described a mineral from Rustenberg, Transvaal, which he 

called molengraafflte^aftcr G. A. F. MolengraafT. The analysij corresjiomls 
closely with that of yttrotitanite ; and F. W. Clarke,rci)resent 8 its com])oBition as • 
a hydrated sodium caldum titanosilicate, HNa 3 Ca 4 Ti,Si 40 ^,„. The yellowish- 
brown imperfect crystals are probably mcuioclinic, possibly rhombic. Polysynthelic 
twinning is common; the (1(X)) cleavage is iierfect; the iib'ochroism if feeble; 
the refractive indices are a=-l-730, j 8 —l-77(b; the optic, axial angle 2F ->50"; and 
the optical character is positive. , • 

G. I), boiulerbaek inentioneil a titumisiliesle of i-oleiom iinil iron from Snaipilo, 
California. H. Leitnicier called it jonquinitf It linn not been examined carefully. 

G. Flink *f obtained a mineral near Igaliko, Greenland, which he called neptunfie. 

A sample from San Benito, f’alifornia, was named carhsile by Q. D. Louclerback. 
Analyses by G. Flink, W. M. Bradley, and (). A. Sjiistriim correspond with 
ll' 2 R"Ti 8 i 4 ()i 2 . The mineral is thus closely related to titanite. F. W. Clarke 
r(!garded neptunite as sodiom lerrous titanium tiimetasilicate, with part of the 
sodium replaced by potassium ; and part of the bivalent iron by manganese : * 


(Na,K)-,SiO, KiO, 
(Nb,K) -SiO/ 


(Fe,Mn) 


The colour of the mineral is black, but in thin splinters, blood-red. The crystals 
were described by ®. B. Bbggild, A. Wallenstrbra, G. Nordenskjbhl, W. K. Ford, 
etc. According Ig) G. Flink, the prismatic crystals are rnonoclinic, with the axial 
ratios o: b: Ci-rSlGl: 1:0-8076, and j3»-64° 22'. Twinning occurs about the 
plane ((X)l); the (110) cleavage is distinct. Thil*optic a:;ii,j) angle 2K~48‘’. The 
optical character is positive. The mineral is pleochroic. The sp. gr. is .3-234, 
and the hardness 5-6. * 

P. C. Weibye, and T. Soheerer foun’d a minj^ral on the islandji of the l.angcsiind 
ftord, Norway, and named it astrophyllite -fropi star; and i^cAAoc, leaf— 

in ajiusion to the stellate aggregation and foliated micaceous structure. .1. Lorenzen 
foundit at Kangerdluarsuk, Greenland; G. GUrich, otf th# Los Island, Africa; and 
G. A. Konig, at Pike’s Peak, Colorado. A yellowish-brown related mineral from 
Kola, Tjapland, was called by W. Ramsay and V. Hackman, ktnpropliyUile. 
Analyses have been reposed by J. Schecrer, F. Pisani, C. F. Ramraelsberg, H. Bilck- 
strom, G. A. Konig, and L. G. Eakias. W.,€. BrOgger writes the formfda 
R" 4 R'«Ti( 8 i 04 ) 4 ; and P. tlroth gave {K,Na,H) 4 (Fe,Mn) 4 TiSi 40 „. The com- 
positiorr varies, but the dominant molecule seems to be so^um potfusium ienous 
titanium oithosilicste, • * 


FcH)^i 04 * . «iO,-KeK 
. FeK^iO.^^'SiOj-iFcNa • 

with some ferrous ‘iron replaced by ^knganese and ferric-iron as FeOH". 
F. W. Clarke regarded the Colorado mineral as a mixture of 3 molar proportions of 
the above with one of TiOH) 6 i 04 =FeH)j. The colour of astrophyllite is bronze- 
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yollow or gold-yellow. The crystals are often elongated into thin strips or blades, 
sometimes arranged ju stellate ^roujts. The faces are often striated. A. Norden- 
skjbld, and A. des Cloizeaux made the crystals rhombic; H. Bucking, aonoclinic ; 
and W. C. Brdgger, triclimc. The last-named later showed that the variation in 
the angle and optical chara'cter earlier noted is ^obably without significance, being 
duetto deformation produced by press. The axial ratios of the rhombic crystals are 
tt:b: c=10098; 1 :.4'7556. The (100) cleavage is perfect, and (001) very imperfect. 
The percussion figure on a cleavage surface has two rays crossing at 81°-C)5°. A. des 
Cloizeaux gave for the optic axial an^le 2Ho=118'’-124° 11' with the red ray, 
and 2f'=103° 25'; H. Bucking gave 2H(i=122'’'18' for the Li-ray and 124° 52' 
for the Na-ray; and W. C. Brogger, 2Ho=114° 37i'-123° 28', and 2A=160° 
for wlpte light. A. des Clpizeaux found that raising the temp, to 146'5° produced 
no perceptible change in the optic axial angles. The sp. gr. of astrophyllite is 
3'.824-3'375 ; and th(! hasdness is 5. A. Michel-Lcivy and A. Lacroix gave for the 
indices of refraction a=l 678, jS=l ’703, and y.--l‘733 for yehow light. The crystals 
are plcochroic, a~dccp orange-red, i!)=citron-yellow, and c~orangc-yellow. The 
optical character is positive. The mineral is decomposed by hydrochloric acid 
with the separation of flocculent silicic acid. 

According to J*'. W.* Clarke, the m'merfihjohnutmpik. and rinhtu --viih titanium silicates 
—can bo regarded as*lluoriferou8 astropb^ilites. In the former, a little /.irconia, thoria, 
and eeriivMiiay ro|))/vce«omo titania. Johnstrupito is essentially a hydrated SOdium CSlClnm 
tltanlun^orthoslllcate, with some eerous fluoride in place of sodium : 

CaNaiH8iO,.,^,p. Si04;=CaH 

CaNiuaSiO 4 ^ ‘SiO4=Na(0eF,) 

and rinkito is supposed to he a mixture of 3 mols of Ti(Si 04 i^('aNa) and 2 mols of 
'riF^Si 04 — Ti{!Si(> 4 H“(.'a(CoK 4 )},. Ho also represents monunihilr -mk rare earths —by 
4H,F(Si()4=r.CeH) j.l{(OH)|Si()4==HNa|Ce(OH)_.( J). whore It is used in place of Ce": Zr ; Ti 

8 . Smolensky found that barium mctasilicatc and metatitanate give a com¬ 
plicated system, but determined only the m.p. of binary mixtures with the following 
molar percentage projiortions of Ba'l'iOs: 

0 UrS 21-4 31-9 42-1 52 2 02'1 ttS 

m.p. . . 1470° 1461° 1450° 1420“ 1405“ 1.376“ 1.164“ 1400° 

G. D. Loiiderback found crystals of a mineral which he called benitoite associated 
with the. neptunite and natrolite near the head waters of thf San Benite River, 
California. The com|iosition approximates barium titanotrisilioate, BaTiSijO#; 
this would make benitoite the barium Salt of teterosilieic acid, H.4Si40g, with an 
atom of silicon replacydiby one of titanium. H. H. Kraus considers the mineral 
as a metasilicato isomorphous with beryl, BajTiufSiOjle, but W. C. Bla.sdale has 
shown that the titanium is not likely to be basic. F. W. Clarke regards benitoite 
as a bnrium tilmyl »icso<rM»7tcate,)TiO ^-i^isOg-^Ba. The ditrigoni^l crystals were 
found by G. D. Louderback to have the axial ratio a :c—\: 0T7.326 ; C. Palache 
gave I; 0'7319 ; and B. Jez^k, 1 ; 0’7353. F. Rinne found that the X-radiograms 
of benitoite correspond itith the ditrigonal bipyramidal class. The colour is nsually 
sapphire blue to light blue; colourless or green crystals are rare. The mineral is 
used as a gem-stone. 0. D. Louderback, and B. Jezek gave 3'64-3'67 for the 
sp. gr., and 6J-6^ tor the hardne.s8. C. Hlawatsch found the indices of refraction 
for the D-lino to be oi —I 756, and €—1'802; C. Palaclje gave <u=l’77, 8nd€=l '80. 
The mineral is strongly dichroic, t being deep blue, and tu, colourless. Benitoite is 
insoluble in hydrochloric, but is decomposed by hydrofluoric acid. 

G. Flink >4 found a white or greyikh-blue mineral which he called leucospbenite 
—from Afuifot, white; and (r^i',,a Wcdgii—occurring sparsely in the pegmatite 
at Narsarsuk, Greenland. The composition approaches that of pctalite or eudidy- 
inite; and R. Mauzelius' analysis cotresponds with Na4Ba(Ti0)2(Si205)5, which 
'makes leucosphenite sodium barium dtanyl mesodisilicate. P. Groth.writes 
the formula BaNa^Ti^SiioOg?, where the titanium is,anionic. F. W. Clarke writes 
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the formula N 8 jBa 2 Ti 4 (Si 30 g) 7 . F. Zambonini makes leucosphcnite a double salt, 
B 8 *Si 405 . 2 Na 2 TiSi 30 j. G. Flink found that the monoAinic e^ystals have the axial 
ratios o : 8: c=0'58t3:1:0'8501, and )3=93° 23'. The crystals are wedge-shaps'd. 
Twinning is common ; the twinnijig iilane is ((K)l); tfu- cleavage (010) i.s distinct. 
The sp. gr. is 3 05; and the hardness 6 5. The indices of refraction for the re<l ray- 
are a = l-6401, ;8 =1-6572, and y--l-6829; and fSr the yellow ray, a- I tMlh, 
j3=l-6609, and y=l '6878. The optic axial angle 21' =79" 261 for the red ray, anil 
77° 4' for the yellow ray. The optical 
character ds negative. Leucosphcnite 
is decomposed by hydrofluoric acid. 

A titanium ultramarine *f a green 
colour has been reported by F. Singer 
to be .formed when the zeolitic sub¬ 
stance, with a composition apiiroximat- 
ing Na 20 .Al., 03 . 2 Ti()*.lH 20 , is treated 
with sodium sulphide. 

S. Smolensky measured the f.p. of 
binary mixtures, of manganese meta* 
silicate and metatitaiiatc, and obtained 
the curves shown in Fig. 186. There is 
a eutectiferous series with a eutectic at 
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I 1 if t-'io 186.— Kioozinif-iKtintl-orvoK ot Mixtures 

el’’ r "'.'"‘• ■f Of .Manganese .Metililieate and Met,Slitanate. 

Mil I it);,. Solid solii. are formed with 

from 38-3 to lOt) molar jier cent, of inangaiii'se metatitanate but not at the 
other end of the series. A deconijiosition of the solid solo, occurs at aliout 
1050°. 


A. Breitliaupt found black prismatic crystals of a mineral associated with 
the arfvedsonite of Greenland, lie called it idWHiu/ife- after F. Ki'ilbing- and 
another similar mineral was called jenigmatite— from amy/xa, an enigma- and 
regarded as a pscudoniorph after kiilbingitc. ililnigmatite had a sp. gr. 3-833 3-863, 
and kolbingite a sp. gr. 3-60-3-61. J. Lorenzen showed that the crystals of iciiigiiia- 
tite cannot be ji.seudomorpbs; and W. C. lirogger showed that kolbingite 
is probably a parallel iiitergrowth of arvedsonitc and aniigmatite. Analyses of 
a-nigmatite were 5 p|)orted by W. C. Brdgger, and H. Fiirstner. The mineral is 
i8.sentially sodlum feriotu titanometasilicate, with part of the silicon re|)laced 
by titaiiiiim, anfl a small admixture of a basic salt, RFe."'2Si08. J. Siillner 
represented it as a mixture of Fe" 2 ^e'" 4 Si 2 i )|2 anil (Na 2 ,K 2 ,Fe) 4 (Si,Ti) 40 | 2 . 
The crystals approximate closely to tliose of tin- monoidmic ampliiboles in habit, 
angle, and forpi. ‘The prismatic crystals of a>nijjniatife, how-ever, are trielinic. 
J. D. Dana recalculated H. Forstner'a values for the axial ratios, and obtained 
a:b: c-=0-67f8; 1:0-.3506, and o=90°, jS-=74i° 19'^ and y—90". Contact twin¬ 
ning on the (010) plane is common, and Ahere- are twinning lamellai giving 
strlations on the terminal planes and on the (l(X))'^ace. The jirisiiiatic cleavage 
is distinct. The sp. gr. is indicated above. The optic axial angle 2A’= 60°, 
according to W. C. Brdgger. The optical character is positive. The pleoehroism 
is well-marked. The radioactive haloes were, studied by 0. Miigge. 

J. SOtIner obtained trielinic ciy-stals of a,black or#brownish-bInck niine.ral isoinorpbous 
with senigmatite but contaihing less ferrous oxide and alkalies, and approximating 
(Oa,Na„K,),Mg4Fe,"l''ej"'AI|(Si,Ti),0,,. Tbo idineral was first found in Ibe UbOn 
district, and called Mnile. The crystals are short prisms or tabular,- tbe twinning piano 
is (010); the cleavages parallel to fllO) and to (110) are good. Tbe sp. gr. is 8'687. 
H Farstner found minute black crystalrin the liparyte lavas of tbo Island of Fontellaria 
whose ancient name teas Cossyra; and be called tim mineral cpssyrite. Analyses were made 
by J. SOllner, and H. FOrstner. 7-he composition and, crystal fojm wore shown by 
W. C. BrOgger. J. SOllner, B. Olossner, and H FOrstner to lie like those of wnigmatite. The 
sp. gr. is 3-802; the bardnees is 6J ; the index of refraction is near that of hornblende, 
and the double refraction is fe^le. The mineral is but little affoi-teil by the ordinary acids, 
but is eompletely decompose!! by hydrofluoric acid. 
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For the so-called litanolmne,= {Mg,Fe) 2 (Si,Ti) 04 , vide olivine. There are 
numerous titaniferons pyroxenes and amphiboles— e.g. the triclinic migmattk 
(q.v.). A number of garnets carrying titanium have been reported by A. lOamour,!* 
A. Knop, A. Stromeyet, W, Petersson, A. Claus, G. A. Konig, F. A. Genth, and 
A. Sauer. The i)roportiohs here run up to l6-84 per ftut. TiOj. The ferroti- 
tanile of J. D. Whitney, had 22^10 per cent. TiOj. C.'U. Shepard called this mineral 
lohorlomite, owing , to its resemblance to schorl. The analyses ^proximate 
Ca 3 (Fe,Ti) 2 |(Si,Ti) 04 ) 3 , or calcium diferric ictrorlholilanatosilicate. The sp. gr. 
is 3'81-3'88; and the hardness 7-7J. it furnishes trapezohedral and dodecahedral 
crystab belonging to the cubic system. C. U. Shepard regarded the mineral as 
hydrated silicate of ferric oxide, yttria, and possibly thoria; but C. F. Rammels- 
berg, and G. A. Konig showed that the mineral is really a garnet. N. NordcnskjBld 
obtained a mineral from Ivaara, Finland, which he called ivaarite. It. closely 
resembles schorlomite.' H. S. Washington gave for the refractive index 1'94; 
for ivaarite, 2 01; and for raelanite, l-86-l'88. 

R. Riekc li* made some observations on the fusibility of mixtures of zirconia and 
clay. The history of zircon is discussed in connection with the history of zirconium 
(q.v.). Although zircon is not itself readily altered, it is gradually hydrated and 
transforrticd by weathering, forming a whole series of products containing 3-70 
per cent, of zirconia,; at the same tiijie other bases like alkalies, alkaline earths, 
and the (rare earths'have been taken up, jirodueing minerals of great complexity. 
Most of them have been report(!d from Norway, Sweden, Greenland, and Russia. 
Some of the altered forms have received special names; very few of them are of 
general interest. T. Scheercr 2 e described a brown mineral from Hitterii, Norway, 
which he called malacone -from jiaXaKot, soft—in allusion to its being softer than 
ordinary zircon. X. des Gloizeaux found malacone at Chanteloubc, Haute Vienne, 
occurring in thin plates 3-4 mm. thick; and occasionally with crystals on their 
surface; and he regarded it as hydrated zircon. C. F. Rammelsberg said that 
without doubt malacone is eine Psetulomorphose des Hgdrale nach der wamrfreien 
Verbinduw). Analyses were made by T. Scheercr, A. Hermann, E. S. Kitehin and 
W. G. Winterson, .\. 0. Gumming, R. Hermann, and A. E. Nordenskjold. Malacone 
contains from 47-67 per cent, of zirconia, about 32 per cent, of silica, 3-4 per cent, 
of water, and traces of yttria, magnesia, iron oxide, and manganese oxide. 
V. M. Goldschmidt and L. Thomassen found that malacone froin Hittero, Norway, 
contained hafnium. Idealized malacone approximates to zirconium dihydrozy- 
triorthosilicate, Zr 3 (Si 04 ) 3 .H 20 —mV/c ixfra. E. S. Kitchin and W. G. Winterson 
stated that it is one of the few minerals known to contain argon. From the radio¬ 
activity of the minera!, 'R. J. Strutt suggested some uranium is present, and 
E. S. Kitchin and W. G. Winterson found 0 33 per cent. UaOg, out A. 0. Gumming 
found none. A brownish-yellow powder from Kosendal, Finland, was shown by 
A. E. Nordenskjold to resemble .niahcone very closely. The crystaL of malacone 
were described by T. Scheercr,"E. Zscl.au, and W. G. Brogger. The sp. gr. is 3'9-4 05, 
and the hardness 6 ’ 6 . 

W. J. Kuowiton found a mineral in the granite at llockport, Mass., and he named it 

OyrtoUte.from Kvprds, bent—in allusion to the curvature of the pyramidal faces of the 

tetragonal crystals whioii appear like rhoinbin dodecahoilra. Analyses were made by 
C. W. Blomstrand, J. i*. Cooke, F. A. Genth and S. L. l^entield, and A. E. Nordenskjold. 
The mineral appears to be a browtu^*red va/iety of malacone with zirconia from 60-07; 
of silica, 26-28; ceria, 1*4-21; iron cxide, 2 *6; water, 2 *2-4 *7 per cent. Although under 
ordinary conditions the dominant constituents of minerals are alone determined in analyses, 
the composition appears exceedingly contplex whei)^ the constituents present in smaller 
proportions are determined. For example, the following is compiled from three analyses 
of oyrtolite from Devil’s Head Mountain, Cdlorado, by W. F. Hillebrand: 
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O. Heveey and V. T. Jantzen found 9 per cent, of h^nia in cyrtolite from the United States. 
This was previously included in analyses with tlie airconia. | K W. Clarke representeil the 
tnineral as dteoBlam oetobydroxytiorthosllloata, jlr(8iD,),((tH),{H(ZK),H,)|,-nVfr 
in/ro. Tift sp. gr. is 3'29-4 04; and the hardness 5-5'S—after ignition, the hanlness is 
7-7'5. C. W. Blomstrand found a cyrtolitic mineral near Vttcrby to wliich 11. Hilrkstrflin 
applied the term andetprgUe. TIA mineral is honey-yellow to coal-hlark in colour 
and is microscopically amorplams, but with a pscu'jomorphous tetragonal furi^ It 
was analyzed by A. E. Nordenskjold, and G. K. AlmstrOrn; it approximates 
2CaO.RiO,.8ZrO,.8SiO,.12H,0. F. W. Clarke’s view of tho constitution is iiulirated 
below. Th^p. gr. is 3'28-3'33 ; and the hardness 6'5-tt. 1), Forbes and T. Dahll found at 
Alve and Narestb, Norway, crystals of a redclsh-brown mineral which they called alvIU. 

It also occuft at Ytterby, Sweden, sit is a zirconosilicate of the rare earth metals,^‘ulciuiu, 
magnesium, beryllium, copper, aluminium, and zinc, and a small proportion of water. 

V. M. Goldwihmidt and L. Thomassen found that alvite from Hitterfl, Noruny. contained 
some rare earths, tungsten, yttrium, thorium, manganeije, and hafnium; ayd they 
represented its composition by tho formula (Zr,Ha,Th)0,.SiO,. (f. ‘Heveey and V. T. 
Jantzeif found 1# per cent, of hafnia in alvite from KragcrO and this was formerly roganled 
as zirconis. The analygis of the Ytterby mineral was repdited by A. K. Nordenskjold, 
and it appears different from that of 1). Forbes and T. Dalill- biit the^inalysis by the 
latter is not satisfactory. B. Szilard, W. C, BrOggor ayd co-workers, anil R. J. Stnitt * 
have made some observations on this subjeet. The ccriiv earths amount to 3'98 |ior cent, j 
the ytlria eartlis, 22 per cent. ; and zirconia, 30 5 (il 4 per eent. F. \V. Clarke's view of 
the composition is indicated below. The crystals are tetragonal, optically isotropk', funning 
pseudomorpliB after zircon. The sp. gr. is 3 3-4‘3; and the hardness 5-0. I*. C. \Veihye ” 

found dark reddish-brown crystals m gneiss nypr’Kragerii, Norway’, to which he applied 
the term tashyaphallte—from Tayilj, quick; and Si^oAtos, Hying gw yiecea- i« allusion 
to tho ready separation of the mineral from the gangue when struck, N. ,1. lierlin’s aiiolj sis 
gave : zirconia, 38'90 per cent.; silica, 34'58 ; tlioria, 12'8 ; iron oxide, 3’7; and ffater, 8 5 
per cent. Its sp. gr. is 3'6; hardness, 6 6. Q. Forchliammer applied tho term oersltditt 
—after H. C. Oersted—to a reddish-brown mineral from Arendal, Norway. It has 6H'9 
[ler cent, of zirconia; 19'7, silica; 2'05, magnesia; 2'til, lime; and G'5 of water. •Its 
sp. gr. is 3'fl29, and hardness, 55. 1’. C. Weihye found that Jhc niineral alwiivs 
crystallized in tho form of zircon. It. Hermann appli^ the term ausrbachitt, to a hrownisli- 
coloured crystalline mineral found by J. Auerbach m .Mariupol, Russia. It has 5518 
per cent, zirconia ; 42‘9, silica; H'93, iron oxide ; and 0'95, water. Thosp. gr. is4'09 ; and 
the hardness, tt'5, Tho miiieml was also studied by N. von Kokschareif, R. von Jennnejeff, 
and J. 1). Dana. * 

Analyses of zircon have been reported by M. H. Klaiiroth.-'i L. N. Vauquclin, 
M. H. Cochran, 0. W. Nylander, A. Oorsi, A. Liversidge, F. A. (icnih, 0. A. Kdnig, 
K. von Chrustschoff, A. Osann, J. J. Berzelius, T. S. Hunt, 0, F. Ramiiielsberg, 
G. Grattarola, G. Woitschach, G. P. Tschernik, P. J. Hohnquist, A. Schmidt, 
A. Knop, (!. M. Wttherill, W. Gibbs, J. F. John, W. Uenneberg, ('. F. Chandler, 
J. P. Cooke, W. J. Knowlton, A. Uamour, K. Hermann, N. J. Berlin, etc. G. von 
Hevosy and V. T. Jantzen reported l'.'5-ft per cent, of hafnium (or celtium) dioxide 
in samples of zircon from vaieous hicalities. The qpgiposition of the [lurer 
varieties of zircon, approximates to that of zirconium orthosiliCfttei ZrSi 04 , or 
ZrOz.SiOj, with up to about 3 per cent, of tlioria, yttria, and other oxides. Zircon 
is cither an i^omotphous mixture of the two qjtides or a zircoiyum silicate. iSince 
the ratio ZrO^: SiO^ in tho various analyses vairies bItween 39 : 44 and 30:65, and 
sin«c the mixture 1: 2 behaves very like zircon, C. Doelter and E. Hittler^i incline 
to believe that zircon is an isomorplious mixture of tire t^o oxides. W. C. Brdgger 
regards zircon as zirconyl mctasilicate, ZrO.SiOj, and, in agreement with P. J. Holm- 
quist, writes this graphically 0-=Zr=0z = 81—0. This view is based on the close 
morphological relationar between zircon, rutile, and cassiterite. The minerals 
cassitcrite, SnSn 04 ; rutile, TiTi 04 ; ziicon, Zt;Si 04 ; thorite, Th 8 i 04 ; jiblianite, 
MnMn 04 ; plattnerite, Pbl %04 ; and xenotime* YPO 4 , are analogous in form and 
composition even if they are not striqtly isomorphous. The absence of any infor¬ 
mation as to the mol. wt. of a mineral is taifltly considered to be a license to adopt 
any desired mol. wt. F. W. Clarke lissulhes^the tetradic association Zr 4 { 8 i 04 ) 4 , 
in order to harmonke the constitution of zircon with those of some related minerals. 
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The space lattice of the zircon family, as revealed by the X-radiogtams of 
L. Vegard, and C. M, .WilliJnis, shows that the silicon and zirconium atoms are 
arranged as atomic centres in tetragonal lattices of the diamond typef and the 
tetragonal arrangement is nol produced by the atomic centres but by the tetragonal 
arrangement of the oxygen'atoms. (Jonsequentiy, the lattice has a kind of mol. 
structure with units ot, the tjfpe MO 2 , where M represents an atom of silicon, 
zirconium, titanium, or tin; the three atoms form one mol. and arc situated on a 
straight line with M in the central position. The straight line or mol. axfe is always 
perpendicular to the tetragonal axis. I’he distance apart of the atonjs, and the 
geomctfical relations of the lattice vary with the^laturc of the central atom M. 
This supports the view that the groups MO 2 form chemically bound molecules. The 
space lattice of xenotime dqes not belong to the zircon type, for there is a different 
arrangement of tfio* oxygen atoms. , In xenotime, the oxygen atoms are arranged 
in groups of four around'each atom of phosphorus so that the space lattice gives the 
constitutional {otmulaj yP 04 and ZrO^.SiO.^ respectively fo^ xenotime and zircon. 

• The specimens of tin; mineral,thorite examined by L. Vegard preserved the outer 
form isomeric with zircon, but internally, the crystals had become isotropic. The 
space lattice was completely broken dowigmiul no X-radiogram cpuld be obtained. 
The absofute dimensions of the 8))ace lattices of the zircon group are indicated in 
Table XXXI. M. b. Huggins fouitd ,thi! structure of zircon resembles that of 


Tabck XXXI. -Dimisnsions of thk Sfack l..ATTiri:3 or thk Zircon Family. 
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rutile; and A. Johnseu discussed the structure and symmefr} of this family of 
minerals. , 

Gonsiderable amounts of ferric oxid.i are present in some zircons: thus, 
G. A. Kdnig found !)'2_per cent, in a zircon from Pike's Peak, Colorado, and this 
gave for the formula ZriQFe 2 Siio 04 . 3 . Ferric oxide is present iq all natural zircons 
—may be in solid soln. or as af. iron zirconate. Similarly the. cerium and yttrium, 
often present, may bo there as a splic^ soln. of silicate or zirconate of these elements. 
Anderbergitc may be regarded us haging a composition: 


ZrOI'^-ajiO,.^ JjfOjSY 
ZrOHsSiO 4 -' 'SiO .HC’alt 


+4HjO 


Alvite may be regarded as a mixture of two compounds, Zr(Si 04 ) 4 (Zr 0 H )4 plus 
Zr{Si 04 ) 4 (Be 0 Il)|. 2 . According to this hypothesis- these minerals are salts of a, 
dodecabasic zircoiuUosihcic H, 2 ZrSi 40 j 2 . The water present in many zircons 
may represent zircon altered by hydration. The dehydration experiments of 
F. Zambonini fit very well with the assumption that hydrated zircon is simply 
zircon with variable amounts of dissolved water. F. W. Clarke, on the other hand, 
assumes that the water is intrinsically 'associated with the molecule. Thus, he 
regards malacone as the first hydration derivative; and the analyses of some 
cyrtolites correspond with a still further stage, namely, (HOliZrjHfZrO^HjUj, in 
which part of the ZrO^Ho may be replaced by other bases. Thus, anderbergitc 
has a composition corresponding with ; 
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,OH ,OH . ,Si 04 =HZK)H 

» Zr<SiO.=Y 

\SiO 4 r= 0 aH 

* m^^Zron 

. $ Cyrtolltc. * Aiidrrbcrgiic. 

The mineraia (‘Ipidik*, liuie-cathpleiite, and 8(Ki8-cataf»Ii*iitf rt;]m‘8ent more advifticod 
stages in the hydration and replacement of zircon ; thus : • 


bl ()4 
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\SiO,=H(ZK),H,) 

SiO,sH(ZrO,H,) 




HO" 


=NaH, 


iSijO,=NaH.> 

Klplcllte. 


HO Zr 

Liaio-cataplelltc. 


cCaNa 


H()^„ ^OH 
HO" '^^^SijOj^fiaj 

Htxla-t'aUpIpUa^ 


On the other hand, F. Zatubonini regards the water in these minerals ns extrinsic 
and not intrinsic or constitutional; and he regards elpidite 4s* a nietailisdieate, 
NajZrffljOjs.dH^O, and catapleiite, NajZrSijOj.ilL^O, tiial* is, 0 = Zr SijO,, Na» 
+2"HijO. • 

Zircon is eoiiimon in nearly all kinds of igneous rocks, iiurticuliirly the nioie * 
siliceous ones like granite, .syenite, <liorite, etc. H. Thiiraeli,'-’'’ W. ('. IJriigger, 

T. \j. Watson and F. L. Hess, etc., have*liseus,sed this stlliject. It .seems to be one 
of the earliest nfinerals to crystallize from cooling rock lyuginas. lifiiteiid of 
zircon, comple.v silicates like the zircon iiyroxenes may be /ormed. Zircon has 
been repeatedly obtained synthetically. A. Daubree, H. Jjt. JL'. l)e\ille, and 
H. (laronmade it by heating zirconia in a current of silicon tetrachloride. Ij. St. I' 
Ucville, also made it by heating a mixture of zirconia and rjuartz in the same gas. 
The first stage of reaction is supposeil to involve the formation of zirconium 
fluoride, which reacts with quartz regenerating silicon tetrufluoride. A snfall 
quantity of this gas produces an indefinitely large amount of zircoit. 1*. Hautefeuille 
and A. Ferrey obtained zircon by heating a mixture of silica, zirconia, and lithium 
molybdate to 800” ; and S. Stevaiiovic employed a similar process. W. K. (liirtler 
used sodium nietaborati' as (itjfnt minrnihuah’ur. K. von Chrustaclioff heated a, 

mixture ot gelatinous silica and gelatinous zirconia in a steel bomb at a temp, 
approaching redness. (.'. Friedel and K. Sarasin used a somewhat similar proi’css 

Sniiill crystals of zircon are not iinconinion in granites, basalts, syenites, diorites, 
and many crystalline or igneous siliceous rocks. It is rarely found in basic igneous 
rocks like the gabbros and peridotites. Well-shaped crystals are also found among 
the heavier grains Rf .sands, etc,, derived from the disintegration of these rocks. 
Crystals of zircoiv are common in auriferous and gem-sands, jiarticularly those of 
Southern India, Ceylon, and Brazil. Ziffcon is ginned in North tjgrolina, where 
in the Henderson county it is ext«cted (rom a decomposed^rranitc. 

The colour of zitcon has attracted some attention. The crystals may be trans- 
[larent or opa(|«e, and colourless or coloured pale yeTlow, pale grey, orange-yellow, 
yellowish-green, browni.sh-yellow, reddish-brow^, or red. Somg thin sections are 
.violet-blue. Tlic colours arc sometimes dist*ibuteif zonally. F. Sandberger^n 
attributed the red colour of hyacinths to the presence of a small quantity of cuprous 
oxide. • This is improbable. W. Hermann showed that oxfde of iron is the probable 
colouring agent of zircon; and that in green zircons he fitund chromium and 
manganese oxides are present. T. Wolff, F. Sandberger, and (J. vom Hath observed 
that rose and flesh-coloircd crystals become paler when exposed to light; and ■ 
G. F, Richter, and L. Michel poted that th« hyaciiitli-red variety becomes brownish- 
red when exposed to lights—rapidly in sunlight, slowly in diffuse daylight; when kept 
in darkness, the original colour is partially restored. C. Doeltxir observed but little 
change in the colour when exposedt# the arc-li^ht, but in ultra-violet light, the colour 
becomes jialer. T. Wolff, K. Simon, FT Sartdbiyger, and 0. vom Rath found that, 
when heated, the colour is weakened. B. R. Geijer also'observeij that the colour 
is destroyed by heat ^ C. A. S. Hofmann^lffained similar results, and W. Henne-, 
berg showed that thermoluminoscence accompanies the decolorization by heat, 
and the effect is not dependent on the colour. 0. A. Kenngott found that byieat 
VOL. VI. , 3 I 
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teddish-btown crystals became brownish-yellow and remained transparent. 
H. Traube found that yellow and red crystals were decolorized by heat, and the 
colour was not restored on cooling. C. Doelter found that the tempo el which 
decolorization occurs in air is about 700°. E. Newbery and H. Lupton found that 
some Tasmanian hyacinths became nearly coloftrless whei^ heated in a hard glass 
tubs, and quite colourless in the Bunsen flame ; some French specimens remained 
yellow after 5 rninf^’ heating in the blowpipe flame. The colour was restored 
quickly with the Tasmanian specimens, and slowly with the French specimens, on 
exjiosure to radium rays. All the cryltals which had been recoloured by radium 
lost tlfcir colour at a temp, lower than was originally required to d&olorizc the 
natural crystals. G. Spezia concluded that the coloration is not produced by organic 
matter^ and that the colour changes arc not simply produced by raising the temp., 
but that the coloflr of zircon is produced by the state of oxidation of the iron— 
varying when heated m qxidizing’or in reducing atm. K. von Kraatz-Koschlau 
and L. Wohler said that when iron is present, it is not uncforinly distributed and 
cannot therefore be the cause of the uniform coloration of these minerals ; and they 
showed that the loss in weiglit which occurs on heating corresponds with the loss 
of organic matter. G. Spezia emphasizi^l the fact that heating the decolorized 
mineral in an oxidizjng atm. restores the colour; and when this is again heated in 
a non-reducing atm, it is not decolorized. Again, some crystals arc not decolorized 
if heate 1 in a ,nonp-rcducing medium. He thinks that when organic matter is 
jiresent, it affects the coloration by iron as a reducing agent, but does not colour the 
mineral per se. 8. Stevanovic confirmed G. Spezia’s observations, and concluded 
that there are, two tinctorial agents in tlic hyacinth—one is a volatile organic 
substance which exerts a reducing action so that crystals containing only this 
agent remain aftir its removal. Tlie other agent is non-volatile, can be reduced , 
and oxidized, and is possibly a compound of iron. From his experiments on the 
action of radium rays, C. Doelter concluded that it is unlikely that an organic sub- 
, st ance is the cause of the coloration ; rather is it more jirobably a colloidal substance 
which is not stable when heated. 

Theeuhedral crystalsof zircon arc commonly short prisms. Fig. 1.H7, but frequently 
long prisms are, found. Large, crystals weighing nearly fi kgrms, have been fouml 
at Renfrew, Ontario. Anhedral crystals are not common in igneous rocks, showing 
that the zircon must have been one, of the earliest crystals to separate in the magma ; 
it is also common as inclusions in other minerals. The large'r crystals sometimes 

contain inclusions of other minerals— 
possibly apatite and glass. F. Rutley^r 
eiqilaincd the raising of the sp. gr. by calci¬ 
nation as an effect of the expulsion of the 
liijuid (water) and gas inclu.sions. The crys¬ 
tal belong to the ditetragqpaldipyramidal 
class of the tetragonal system, and, accord-, 
ing to A. T. Kupffer, have the axial -atio 
a : e - l : 0'64()373. The crystals wire ex¬ 
amined by .1. B. L. Rome de ITslc, 
R. J. Hauy, and F. Mohs, etc. Numerous 
other observatioi s have been made on the 
form of the crystals. Thcangle (111): (110) 
with zircon, ZrSiO,, is 47° 50'; with rutile, 
TiTi 04 , 47° 40'; and with cassiterite, 
SnSnOj, 46° 27'. This resemblance is taken 
to indicate that if these minerals are not 
strictly isomorphous, they are at least 
t analogous in form and composition. Twinning is rare. Tlvi comptwition plane is 
(101). The geniculated twins resemble those of rutile and cassiterite. They are 
not found with crystals in igneous rocks. I.airge twinned crystals come from 
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St. Jerome, Quebec. The cleavage parallel tp 110 ia imperfect and that parallel 
to (111) is less distinct. H. Traube studied the ooitosion flgoni with molten 
potassiuie hydrofluoride: and C. Doelter and E. Hussalc, etching with fused 
basalt. G. Grattarola found the optic aiial angles 2fi—19° 44' 10 ", and 
2V=10°r28". Th^ X-iadiogAun of zircon has been discussed in connection 
with the space-lattice—eide snjira. • • 

The gpwific gravity of zircon has attracted some attention., C. A. 8 . Hofmann 28 
made a coUection of the determinations which had been made. W. Hcnneberg, 
and L. F. Svanberg noted that the sp.gr. wdh augmented by calcination. A. Damour 
emphasizecf the fact that the s]f. gr. of different zircons ranges from 4'043*4 ()74 ; 
and he noted that the sp. gr. is increased by calcination without change in the 
chemical composition. He concluded that the zircon exists in different allotrctpio 
states. A. H. Church made a similar observation. H.*de Siu\3rlnnnt, amf A. des 
Cloizcatix then showed that the refractive indices of lighV and heavy zircons are 
different. R. Kdchlin*tried to establish a relation between the sp. gr. and colour. 

R. KOctilin found green zircons have a sp. gr. Iietweoiat 04 and 4 29 ; |)nle green. 4 09 * 
and 4'16 ; yellowish-green, 4'21 and 4 39 ; dark yellow-green, 4 22 and 4’2.1; dark gieen, 

4 08 ^ hrownish-grccn, 4'20 and 4'27 ; gresnish-yellow. 4'27 ; greenish-brown, 4'90 and 
4'70 ; yellow, 4*,38 Ami 4'01 ; yellowish-orange, 4*09 ; orange, 4'40 ; reddish-yellow, 4'r>3; 
brownish-yellow, 4'.Ml; reildisb-yellow, 4'(>8 ; red,,4',')7-4 04 ; dar)! nsl, 4 70 ; brownish 
nsl, 4 01; yellowish-brown, 4 40 and 4'70; retldisb-brown, 4 00 an(k4 09: bluish, 4'44 and 
60; pale violet, 4'08; brownish-violet. 4'00 ; and eolourless, 4 74. •* * * 

R. Kbchlin assumed that zircon exists in two forms, and that intermediafe forms 
with a sp. gr. 4'35-4'55 are isomorphous mixtures of the heavy and light varictigs. 
As L. ,1. Spencer has emphasized, a low sp. gr. is not alone sufficient to establish 
the existence of a special modification. S. Stevanovic inferred that there an* three 
related forms of zircon, with properties indicated in Table XXXII. This hypothesis 
cannot be regarded as established until the eiiuilibriuin conditions of the alleged 
allotro|)cs have been elucidated. On calcination, ^-zircon passes into a>zircon ; 
but y-zircon does not change on calcination, and hence S. Stevanovic assumed* 
that an unknown element closely related to zirconium is present. This has not been 
confirmed by the fraetionation of zirconium. 


TAiir.i.; X-XJLII.— I’noi'KiiTiKs of thk Diffkkent Foumh of Ziiicon. 
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R.»K 6 chlin showinl that the hardness of zircon ^ariAs with the sp. gr. 'fho 
samples with a sp. gr. below 4'3 are softer than quartz, while those with a higher 
sp. gr. arc harder. Normal zircon, for instance, with a s]). gr..4'7, has a hardness 
between 7 and 8 . Fi. Madclunftand R. Fuchs gave 3'01 xK)"** dynes per sq. cm. 
for the coeff. of compressibil^. F. Pfaff ^ gave fpl the coeff. of thermal expansion, 
0'056264 in the direction of the c-axis, and D'tl^l IWiIO in the direction of the a-axis; 
and H. Fizeau gave 0'05443 parallel tp the c-axis and 0 ' 052,33 in if direction per- 
fwiidiculat to the c-axis. H. V. Rcgnault Save 0*14558 for the spedflc heat of 
zircon between 24° and 99°; and H.*Ko})J), (1*132 between 16° and 47°. Zircon 
cannot be fused before the blowpipe, and R. (usack djd not succeed in fusing the 
mineral. E. D. Glaike, and A. Damour^nteltcd zircon to a white enamel in the 
oxyhydrogen blowpipe flame*,#and by heating it in a flame fed with warm' 
oxygen, G. Spezia fused zirew to a white enamel. A. Brun gave about 1900° for 
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the melting point of zircon, and A- L. Fletcher found cjrrtolite docs not flow 
freely at 1660°. C. Matijnon observed that natural crystalline zircon did not 
' melt at 2126°, but at 18005, dissocia¬ 

tion could be observed, and at 1900°, 
deitse white ^mes of silica appeared; 
the residue melted at 2600°; zirkitc 
did not melt at 1950°. E. W. Wash¬ 
burn and E. El. Libman' found the 
m.p. of natural zircon to be near 
255(F, and a mixture of zirconia and 
silica in oqui-molar proportions melts 
at the same temp. The portion of 
the m.p. curve so far determined is 
, indicated in Fig. 188. There is a 

0 W W 60 too gyfppjjg between zirconium dioxide 

• noldr per cent. SlOi zircon melting in the m'ighbour- 

Fio. 1S8.-MeKingi’ointH of llinaiy.Mixtures Imod of 2.300°. The observed data 
* of Zirconia aiwI^Silica. 

* uro. 

ZrO., :Si()i . 1-0 3:1 2:1 3:2 1:1 2:3 1:2 1:3 

Moltaat.. . 27i20'^ 2«Kr)° 205*1'^ 2400^ 2r>5(r 2420'^ 2420' 2420^^ 

#• ^ , 

Tli^indices ol rebitetion of zircon of sp. gr. 4'6.64 arc given by S. Stevanovic 3® 
<0 -1’9177H, and « - l '97298 for wavedength 6!)63; co —1'9.301.6, and €~1'98320 
fox wave-length ,6166; and c<>--r94279, and e™l'99612 for wave-length 4862. 
D« Brewster gave for normal Singale.se zircon, to—1’961, and e —2 015 ; A. des 
Cloizeaux gave to »=l-85, €~1'86; H. de Senarmont, for one of sp. gr. 4'636, to=l-92 
and f--l'97 for red light; M. Sanger, a)~l'92.39 and«-= 1 9682, and for a sample 
from Minsk, to - I'9313, and e~l'9931 for Na-light. E'or doubly refracting olive- 
green beecarite, sp. gr. 4'6,64, G. Kalb gave for the blue zircon of Siam, to—I ^ISO, 
' €-l'9769,and e -to- -.O-O,689 for Li-light; to--1-92.6.6, e-1-9847, and «-to -0-0.692 
for Na-light; andto= 1-9.326,e l-9920,and« -to; ()-0.694forTl-light. (i.Orattarola 
gave a—1 9272, ^ -1-9277, and y 1-9820. A. Damour ])roved that the index of 
refraction decr(' 0 .ses with the sp. gr. of zircon. S. Stevanovic found that with Na- 
and Li-rnys respectively, the index of refraction of natural zircon was 1-8163 and 
1-82,69 ; att(u a mild calcinat ion, 1 8067 and 1-812.6 ; and afterii strong calcination, 
1-7872 and 1-7914. The birebingence of zircon is strong, e -to 0 062. R. Kdchlin 
found that a zircon of sp. gr. 4 44 with a zonal structure had dilTerent double 
refractions in different,parts rangmg from,()-022-:‘)-038. .1. Babmet, A. Breithaupt, 
and A. Madelung showed that zircon crystals may be optically anomalous in that 
a basal section rarely gives anormal uniaxial flgiirc, for the black cross is usually 
broken into a nut,pbcr of lemnlsc^'tc or hyjierbolic brushes. P. k, von Sachsen- 
Coburg assumed that the elfl!ct is due to polysynthetic twiniung. 11 . Kosenbusch 
said that the microscopic zijeons do not show the effect. E. Mallard accordi-igly 
argued that the erystalk are really mimetic twins of monoelinic individutls, but 
R. Brauns said that the effect is due to mechanical strains. W. Klein produced 
the effect by irregplar heating. A. des Cloizeaux found that the effect of raising 
the. temp, from 14"-186° was not appreciable. A. Madebmg found that beecarite. 
is made biaxial by heat., ■ , ' 

H. Becquerel *1 measured the? absorption spectrum of uraniferous zircon, and 
obtained the results illustrated by Fig. 189. According to A. H. Church and 
C. A. MacMunn, the absorption spectrum of Sbigalese zircon has dark bands with 
the strongest absorptions where ^—689-8,* 683-5, 661, 653, 622 5, 616, .689, 562, 
5.38, 516, and 484. V. von Agafanoff found that plates of zircon are transparent 
or ultra-violet light as far as the cadmiifm lines 7, 8 , and 9. W« W. f'oblentz showed 
‘‘that with ultra-red light there are absorption bonds at 2-lp,3-lp., 3-6/i,and com¬ 
plete opacity beyond 5fi. T. Liebisch and H. Rubeifs studied the reflecting power 
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of zircon for the long infra-red rays. According to W. Haidinger, the pleoohroism 
of zircon Ls usually feeble. Brown Singalese crys^ls liad o) reddish-brown, and 
«, green. Observations were also made by E. Hussak, and (>. H. F. Ulrich. 
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R. J. Strutt studied the radioactivity of the zircon miuerals^iid foiiml, mala- 
conc, alj'itc, and cyrtolite exhibited the stroiige.st radioactivity, and these iiiincrals 
eoiituin thorium. He, fjiind Raade-Moss alvite with l it5*])cf cent, thoria possessed 
had a radioactivity 181 in millionths ]>er cent, of that of radiiini bromide; ('arohnian 
zircon, DliO? per cent, thoria, ((’SO; Virgimaii zirconfl)2l7 |ier cent, thoria, t)',52 ; 
Llano cyrtolite, 505 per cent, thoria, 81)8 ; and lliltero malacone, 115 ]ier cent, 
thoria. Lit). He jlso found the rail inactivity of Ural zircon to be 8G5x 111"'- grin, 
radium; t'arolinia zircon, ti!)8 X lO'f'^; Brevig zircon, 131) x Hi''-; and Kimberley 
zircon, 74'8>:10-'-. Observations were made'by V. (lockel, sind C. Doelter and 
co-workers. A. C. Cuniining found that when radioactive itllllaeone is 'digested 
with hydrochloric acid, the radioactive substance jiasses iuto solii. and thecesidiie 
is no longer radioactive. He found no uranium present. E. S. Kitcbin and 
W. (I. Winterson also made some observations on this subject. A. Piutti examined 
the relation between the radioactivity, helium content, and sp. gr. of a niiniber'of 
zircons. R, ,1. Strutt found 12 c.c. of helium occluded per KKf grins, of lliltero 
malacone. The small circular coloured spots known as jileocliroic haloes were 
studied by J. July and co-workers, and 0. Mugge. 

The bleaching action of light and heat on coloured zircons has been previously , 
(lisciisscd. K. Simon M found that the temp, needed for deeolorization depends 
to some extent on the size of the, fragments. The laesence of oxygen retarils the 
deeolorization; the colour is more or less restored by exjiosure to sunlight or to 
radium radiations. According to ('. Doelter, dark brown and red zircons do not 
change when (‘xposejJ to radium radiations ; but the paler zircons have their colour 
intensified. Zircons decolorized by heat have their original colour restored by 
exposure to radiiihi radiations, although, ^s W. Hermann showed, the intensity of 
the colour may not be so great. Observations wen* also made by K. Simon, S. Lind 
and D. C. Bardwell, and R. Brauns, l^he latter showed'tflat a colourless zircon 
was coloured bt' a c6nc. jireparation of raiiium, but^iot by a dil. one. M. Webi'r 
discussed the pleochioic Mo develo|i#d in a zircon crystal in contact with a 
(ordierite cryst*l, E. Newbery and H. Lujilon rffiowed^that all specimens of zircon, 
heated or uiiheatcd, showed a greenish luniinesc#nco when exposed to radium. The 
colour of the unheated ones was not changed, but the 14 ‘atjd ones all regairieil their 
colour to a greater or less extent; they also found that cathode rays restored the 
colour «f a decolorized crystal, and the mineral glowed with a blue light; R. Brauns, 
and C. Doelter showed that ultra-violet light weakened the cohmr of decolorized 
zircon whose colour had Ifben restored by ex|)oaure,to radium rays ; but the colour 
of natural crystals was weakened in ultra-violet li(^t. B. i^ewbery and H. Lupton 
found that the colour of a crystal which has been obtained by exposing decolorized 
crystals to radium rays, is discharged by he*t at a lower temp, than was needed 
lor the original crystal. W. Hemiebergsibscjved the thermoiominescence of zircon 
during deeolorization ; the non-luminescent vaaeties are not decolorized by heat; 
and G. Spezia believed that there is some,connectioi»l)etween the thermolumi- 
nescence and the colofir. A. H. Church said that the glow with a green zircon was, 
orange; and D. Hahn, green. The subject was studied by F. P. Venable. K. Keil- 
hack observed that zircon phojjihoresced when exposed to the X-nyi. E. Newbery 
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and H. Lnpton observed Wuc and violet phosphorescence with radium radiations 
and with cathode rays. Bichat examined the action of the so-called N-nys. 

Zircon has a poor ele^rical conductivity. W. Schmidt found*'that the 
dielectric constant of a crystal from Ceylon was 12'6 parallel to the principal axis, 
and 12'8 perpendicular thefeto. E. T. Wherry fl)und zird)* showed no evidence of 
the *rectitication required by ‘a radio-detector. L.* Gratz studied the dielectric 
capacity, and B. 6 »vink, the magnetic properties of zircon. 

Zircon is not attacked by acids; but when very finely powdered, it*is attacked 
a little by sulphuric acid. For the action of chlorine, and of carbonyl chloride-- 
vide zifeonium tetrachloride. It is broken down 6 y fusion with alkali hydroxides, 
and, according to J. C. G. de Marignac,^* by alkali carbonates, and hydrosulphates. 
R. Hofiiberger, and H. Traube found zircon is attacked by fusion with potassium 
fluoride, or hydrofluoride; and C,, Baskervillc decomposed it by hcatiqg it to 
450° in a stream of carbonyl chloride. For the hydration of zircon by weathering, 
etc., inile swjir/u *' 

'P. H. Loo tloMcrilfeil a zirooniuin silioatefroin tlio CaUlus region, MinAflGaraes, Hraxil, 
winch ho nanuHl orvUIUe -afk^r Orville A. Derby—it had a coinpoHition H/rO^.bSiOj.CHjO, 
and is 8o||Lible in a mixture of hyflrofluoric and liydrochlorio acids. It is possibly more or 
less altered zircon. • 


R. Schwarz amf A. Haackc 37 found that the m.p. of pure lithium orthosilicate, 
1249°, »J lowered by fhe addition of zirconium orthosilicate in proportion to the 
cone, of the latter, up to 30 mol. per cent. ZrSi 04 , at which composition a pure 
eutectic is formed, m.p. 1021°. As the proportion of zirconium orthosilicate is 
still further increased, the m.p. again rises to a maximum at 1152°, the m.p. of 

octolithium triziroomam pentorthosili- 
cate, 3 ZrSi 04 , 2 Li 4 Si 04 . Further increasing 
the proportion of zirconium orthosilicate, 
the m.p. falls as far as 70 mol. per cent. 
ZrSi 04 , to rise again subsequently, but ex¬ 
periments could not be continued beyond 
this point, as the mixtures could not be 
fused in the furnace used. The two silicates 
do not form mixed crystals. The mix¬ 
tures containing 50 mol. per cent, or more 
of lithium orthosilicate aife readily attacked 
by cold water, the others by boiling 
wat.er. Those containing a high propor¬ 
tion of zirconium orthosilicate resemble 
c.xtrcmely hard porcelain. The sp. gr. in- 
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creases from 2 ' 28 (Li 4 Si 04 ) tp ur maximum 4-024 for the binary compound, falls 
slightly, and again rises to d'blfZrSfiOi). The mol. wt. of zirconium silicate, cal¬ 
culated from the deprespioqt of the f.p. of lithium silicate, corresponds with' the 
simple mol. ZrSi 04 . " 


M. B. Chovrcul,3® and P. Berthier fused mixtures of zircon and potassium 
hydroxide, and after washing the cold mass, obtained white residues which, according 
to A. Knop, are Kiesdsaur^reie,; but D. E. Melliss fuseef a mixture of zircon and 
four times its weight of.potassium carbonate for 2 hrs. in a platinum crucible; 
extracted the mass with water; and obtained a microcrystalline powder with a com¬ 
position Kji 0 .Zr 0 ». 2 Si 02 , potassium disilicoaircoiute, KjZtSijO,, with a sp. gr. 2-79. 
it was decomposed by hydrochloric acid. . L. "Ouvrard melted a similar mixture 
for 15 mins, at a bright rcd-heat,< and obtained rhombic prisms with the com¬ 
position K 2 O.ZrQ 2 . 8 iO 2 , or potassium s^oosirconate, KjZrSiOs" L Ouvrard added 
.that when the fusion is continued for l|7irs., only crystalline’ zirconia is obtained. 
The crystals were examined by G. Flink. They art attacked by hydrofluoric acid, 
and ammonium hydrofluoride. W. Gibbs fused zirebn with sodium carbonate as 
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indicated above; boiled the cold cake with a cone. ^In. of sodium carbonate, 
washed the residue with luke-warm water, and obt 4 ned a white powder corre- 
8 ponding%ith sodium silicotiiconate, Na 2 O.ZrO 2 .dlO 2 , or Na^ZrSiOj. L. Bourgeois 
included .some silica with the zircon and sodium edrbonate, and after 21 hrs.' 
fusion at a red heat, ejctracted tMb cold cake with dil. ^cid, and obtained rhombic 
prisms with a strong double refraction. They wereMecomjjjsed by hot water! and 
'with hydrochloric acid, there is a separation of gelatinous silica. T. Scheercr 
said that %odium zirconatc (q.v.), not silicozirconate, is obtained in this way. 
D. E. Melliss boiled with water the cold fake, obtained by fusing a mixture of 
zircon with 4 times its weight of sodium carbonate, until no more« 8 oluble 
matters were removed. Tfcc microscopic hexagonal plates had the composition 
Na 20 . 8 Zr 02 .Si 02 . 11 H 20 . The sp. gr. was 3’53. The sajt lost water at an inci(>ient 
red heat; and it was decomposed by sulphuric acid. * * 

P. Berthier fused mixtures of zircon, ijuarlz, and miwblc in varioits pro|H)rtions 
contained in a carbon*crucible. When the proportions of zircon : (juartz : marble 
were 1: 2'34:3'33, a transparent glass, surrounded by a stony crust, was |irodueed ; 
with 1 : I'Ol : 3'33, the mass was jnilveruh'iit and baked together; I : 2 (i7 : 2 22 
was vitrified and ])orcelanic; 1 ; .'V.'il» 2’22 was glasSy, 1 : l O? : 2'23, merely 
softtmed ; 1 : 1 t Ill was semi vitreous : 1 : ()'33 : I'll was pi)a(iue witlf a shiny 
fracture; and 1:016: 1 11 was white an^ Stony. Mixtim^s with the lime less 
than one-third were decomposed by acids. The evidenae Joes n(A justify 
the. statement that calcium silicozirconales, C'aZrSiO^, analogous to Jitanite, 
OaTiSiOs, were formed. A number of mmerals are assumed to be closely 
related with the silicozirconates—c.g. zirkelilr, ((!a,Fe)(). 2 (Zr,Ti,Th){). 2 , vide 
zirconates; uidigile, 3 Ca(Zr.Ti) 205 .Al 2 Ti 05 , vide zireonates ; msenlmschitc, 
6 Ca 8 i 0 j. 2 Na. 2 Zr 02 F 2 .TiSi 0 i).Ti 0 j, vide rare earths ; lavenile, R(Bi,Zr)() 3 .Zr(Si() 3 ) 2 . 
R.Ta^O#; hainde, R(Si,Zr)() 3 .Zr(Si 0 s) 2 .RTa 20 « ; ladhkrile, 12 R(Si,Zr) 02 .R((lb 20 s. 
R{Cb 205 ); hu>rldaMite, 4 (.'a(Si,Zr)Oj.Na 2 Zr(i 2 Fj; and ewiialylc and eucuHle. 
Naj3(Oa,he)5(!l(Si,Zr).2u()52. ^ 

(i. Lindstrom, and (1. Nordenskjiild described crystals of a mineral found near 
Nagssarsuk, Greenland, to which they applied the term elpidite - from hois'. 
Analyses by G. Lindstrom show that the white or reddish-coloured mineral 
has 20-21 per cent, of zireonia and corresponds with NaoO.ZrO 2 . 6 SiO 2 . 3 H 2 O. 
G. Flink regarded elpidite as a transformation jiroduct of a mixed mineral, 
Na.Si 205 .Zr(Si 205 ) 2 . P. Groth represented it by the formula HjNa 2 Zr 8 i 20 | 2 ; 
ami F. W. Clarke, by Zr( 0 H) 2 (Si 308 sNaH 2 ) 2 , sodium hexahydroxyzireonato- 
dimesotlisilicate — viilc infra. From his dehydration curve , F. Zyaiybonini inferred 
that neither water of crystallizattim not constitutional waUu is present; but that 
the water is simplysii.ssolved. He found the percentage loss of water from elpidite 
at diflerent temp, to be : , 

» 05" HU" ns- • ''Zoiij 250 “ • 2 (i 2 " 

Loss . . .0 86 4 03 6 00* 7 91) 8 88 9'17 |ier cent. 

• 

Dehyijration is nearly complete at 262°, for the total liss « 9'80°. At 115° in moist 
air, a part of the expelled water is resorbed ; and at 250°, the percentage amount 
of water resorbed is : 

Hours . . .18 K . 135 183 303 376 447 673 

Kesorption . . 1'60, 1'74 2'W 2'35 • 2'49 2 00 2'77 2'73 

G. Flink found that the rhombic crystals have the axial ^ratios a:b:c 
=0'5101: t:0'9781. The (110) cleava^ is mpked. The sp. gr. of the white mineral 
is 2'524, that of th& red is 2'594 ; a 4 id the hardness is nearly 7. Aewrding to 
G. Flink, the optic axial 2F=75° 12', wniletO B BSggild gave 2Fa—89“ 40'. 
G. Flink gave for the indices of refraction o-^l'6600| p—1'5^, and y=l'5739, 
and the birefringenc? y—a=O OI39 for yellow light. • 

P. C. Weibye and H. SjdgreB describe a mineral from the islands of ^ngcsnnd 
fiord, Norway, which was named oatl^laiite—from »raTajrA«fo>', 6 atiated—in alhision 
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to its always being accompanied by a number of rare minerals. Analyses were 
reported by P. C. Weiby(^ and H. Sjogren, M. Weibull, C. P. Rammelsberg, 
W. C. Brogger, G. Fofsborg, P. 'f. Clevc, and G. Flink. There are two kinds, one 
kind is calcareous, and the dther almost free from lime. 

810, ZrO, CaO ' NagO H,0 

Lirae^atapleiite . 39'7M6-83 ‘ 29'33-40 12 3'46-6'82 8-10-10'83 8-86-9-35 

Soda-catapleiito . 41,■27-4404 30-80-32'00 0'81-0-93 14-94-15-06 9-24-9-31 

c. 

G. von Hevesy and V. T. Jantzen found about 0'2 per cent, of hafnium in catapleiite. 
P. 0. ^eibyc and H. Sjogren rejircsented the mineral by Zr 02 . 2 Si 0 ^-|-Na 2 Si 03 
f 2 H 2 O ; C. F. Rammelsberg, by Nai 0 Ca 4 Zr(Si 27 O 8 j.l 8 H 2 O ; C. W. Blomstrand, 
by R 4 Zr 4 ( 02 . 8 i())i 2 . 8 H 20 ; W. C. Briiggcr, H 28 i 03 .Na. 2 Si 03 .(Zr 02 H 2 )Si 08 ; 
G. Fliuk, l)y Na 2 S 08 .H 4 Zi'( 8 i 04 ) 2 ; and P. Groth, by Na 2 (Si 02 H 2 ) 2 Si 207 , with 
some silica replaced by ijirconium. F. W. Clarke represented the mineral as l>odittm 
calciumtrihydrozyziicona{o*metatiilicate, Zr(OH) 3 NaCsSi 3 ( 28 ~t> 4 defn/ro. F. Zam- 
, boniui regards'the water of catapleiite as dissolved, being present neither as water 
of crystallization nor as conrftitutional water; corresponding with the tendency 
of zirconium to form complex salts as indicated by the work of R. Ruer and co¬ 
workers, ,A. Rosenheim and A. Frank, and W. Mandl. F. Zanibonini considers 
soda-catapleiite to be' the sodium salt of the acid H-ilZeSisOo), with approximately 
2 mols o{^ dissolved ,^atcr—tiiVie infra. ' M. Weibull, W. C. Brogger, and F. Zam- 
bonini studied tlTe dehydration of catapleiite, and the last-named found the per¬ 
centage A'oss in a moist stream of air at different temji. to be ; 

110" 17,7" 218" 270" 290“ 325" 376° 420"-425" 

lioas . 0 22 ()'70 1'80 3-83 (> 19 7 17 7'99 8 '33 per cent. 

when the total loss’is 9'73 per emd. It was found that there is a resorption of water 
at 270“ such that 

ilours . . 24 48 144 21(4 3011 

* Itesorption . .1*53 1 *50 I *71 1 *83 1 *77 

The colour of catapleiite may be light yellow to yellowish-brown, greyi.sli-bluc, 
and violet. The crystals are usually thin, tabular, hexagonal prisma with replaced 
edges. According to W. C. Brogger, at ordinary temp, the crystals are pseudo- 
hexagonal and monoclinic—if hexagonal, H. Dauber gave the axial ratio o:c 
--I : l'359.3, and W. C. Brogger, I : l-3li()5; while the latter gave‘for the axial ratios 
of the monoclinic cry.stals « : h ; e-“l'7329 :1 :] ’3t)18, and j3=90“ 11^'. Above 
140“, the crystals are, hexagonal., 0. Flfnk found the thick crystals of one type 
become uniaxial at 120 “f ceystals of another,above * 200 ", and crystals of a third type, 
at 10" 20". H. Steinmetz found a tratisition imint at 35°, accompanied by a very 
small change, in vol. 0. B. Boggild found„that in one type the change begins at 
110° and is comph'tg at 130“; in atmther, it begins at 100° and is complete at 230°; 
in another, at 30° -40°; in another, at I0“-20°; and in another, the change is par¬ 
tially complete at ordinary tipp. Twinning is common--the twinning planes ‘hre 
(1011), (3032), (3302), and 1010). The (1010) cleavage is perfect, aud the (1011) 
and (1012) cleavages are imporfiwt. W. C. Brogger gave for the optic axiabanglc 
of soda catapleiite 2A’=C0°; G. Flink, 30°; and 0. B. Boggild, 41° 3' withNa-light; 
W. F. Foshag gave 2F “0°-2r)°. ,.H. Sjogren gave for the s‘p. gr. of lime-eatapleiite 
2-79~2'81; and G. Flinkj for soda-catapleiite 2'743. '• The values of 2 types at 
different temp, was found by 0. B. Boggild to be 


17" 

30* 

40" ^ 

605 

00" 

70" 

2-704 

2-763 

2-764 , 

'2-703 

2-762 

2-761 

2'7fil 

2-745 

2-7419 

2-739 

2-739 

2-739 


The sp. gr. of tho' first type' does not change very much with. temp, since only at 
160° does the mineral become uniaxial. The hardness is about 6. 0. B. Boggild 
gave (or tho indices of refraction a-=l'5905, /3=l'592l, and y=l'6269, and for the 
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birefringence y—a=0’()364—with Na-Iiglit; W. F. Foshag gave a^-l '5!)M'59.'); 
J3=l'592-1'593; and y^l'627-1'628. The crystais arji optically poaitiw. 
W. C. Btogger found that when soda-cataploiite ia heated, zircon ie formed : 
Na 2 ZrSi 30 j. 2 H 20 ->ZrSi 04 +N 82 Si 20 j-t 2H;0, and h*e has found pseudomorplm 
of zircon after cataplciiti* The nflneral decomposes whbn treated with hydnxdiloric 
acid, and gelatinous silica sopSrates. * , * 

• 

The gei% 8 tone variotieo uf zircon include (udtaJytv and cucoliU diacusaed in connection 
with the rare eartiia (q.v-). Thot>e two nunei4Iti are Koinetiinos n'gorded m niixtureH of 
metosilicat^ witli the oxychlorid^ ZrOt’l,, but F. W. Clarke*® consitlerK Iheyi lo be 
variable mixturoK of'iiroo^um soiflum Mlcluffl cblorotriorthostllcate, /r(Hi()tEC('aNa),Cl, 
and zireonlum sodium oalolujn ehlorotrlmesotrisllicate, /r( 8 i,()|=^'HNa} 3 C'i, m which 
liydroxyl may partly replace the chlorine; and iron and inanganose, the cah'iuin. 
J. K. Toschemacher n^fori-od to a mineral which he coIKhI azdrito, ^x cmting in Snn'Miguel, 
Azores.^ It woh shown by A. llon Sauflo, J. 1). Dam*. A. Schrauf, O. Mugge, L. L Hubbard, 
A. Osann, and 1*. do Canto o Castro to be a colourloHH or pale^reen variety of zirvon. The 
mineral obtained by CJ* Grattarola and 0. Heccari from Toint ilo Gallys, Ceylon, luid 
accordingly named boocarlto, is an olive-grtvn zircon with silica 3U3 percent.; zirciuna, 
(12 2 : alumina, 2 5 ; and calcium oxide, 3 (1. C. U. Sliep&rd fouiul minute broun crystala 
of a variety of zircon at Haddam, Comu‘cticut, wliich ho falloil ^lyptollte. VVada 
roportoil a greenish or brown ratlioactive zid‘Oiuum silicate containing 34 81), SiO^; 2S‘27, 

UO, ; 1« no, ThO,’ 7 0, TajO,; 410, I'OO, t>Oj; I tiU, KiV*,: !*>■. t'«'> : 

(J'57, MgO ; 3T2, H.^0, from NaSgl, Mino, Japan,»and lie oallofl it Ra^ite. I’lie talmlar 
or prismatic crystals belong to the tetragonal sy^btem. The sp. gr. 4’01); theJianlncsH, 

7‘5. The composition deviates much from the ortliosilicate formula.* G. Hevesy ami 

V, T, Jantzen found 7 per cent, of liafnia in Jaimncse miogitc., A. Bitutliaupt applied the 
term ostranlle to a nnnoral from Stokfl, Isangesund tionl, Norway. It was shown by 
G, A Jvenngott, (C Foi-chhaminor, and W. (\ BrOggor to ho a weal hon'd variety of zircon. 

N. von Koksctiaroff ndorrofl to a mineral from 'I’oinsk, Bussia, wliich was callwl engsihartyte, 

and shown by 1 ’. von .lereincjefT to be a vanidy ot zircon. ^ 

W. C. Broggor^i ciilloJ a mineral from the isluiul'of Liiveo in the Langesund 
fiord, Nnrwiiy, lavenite, although at first it H’as consideri'd to he inosandrite. 
It has been also reported from the island Klein-Aro, and Aro; F. (iraelT found < 
it in Serra de Tingua and other parts of Brazil; (1. (liirich, in Los Islands, 
West Afriea; and A. Osann, in Kan Miguel, Azores. Analy.ses were made 
bv 1‘. (,'leve, and, aeeording to W. BrOgger, file results correspond with 
i)] (Mn,Ke)(Ca,Na2)Si20«} 2 JZrSi 20 ,. 2 !Na 4 Zr 2 F 404 .U(Nu.,,ll 2 )z(Zr,Ti) 20 el ; 1’. 

firoth gave (Mii,(’a,IA').(Si 03 ). 2 .(Zr 0 F)Na. Tlie minerals liivenite, gunrinite, rosen- 
hii.schite, hiortdaldife, and wOhlerite are sometimes grouped as zircon-pyromifs. and 

W. C. Brogger considered that just as the pyroxenes are regarded as nietasilieates 
so are the zircon-pyroxenes regarded as metazitconafes. The aiuvlyses are not 
clearly inter|ireted by the,se foriitula* wJiicli represent tFe'mineral as a sodium 
calcium fluozirconatosilicate. The colour of liivenite may be pale yellow, aliiumt 
e,olourle.S8, or dark yellow, merging intp dark brown. The prismatic or tabular 
crystals belong to the inonoclinie system, a»id haje the anial ratios a:b'.c 

d'09f)3 : 1 : 0'7I5()9, and 69° 42|'. TwinH»aliimt the (IO(()-|)lane are eonimon ; 
and’they are also twinned lamelbe. The (100) eleai^ge^is nearly perfect. The 
optic awial angles with Na-light are 2Ha--90'' 16'; 2//o' 116" 7' ; 2F- 79° 40'. 
The sp.gr. is 3'51 3 55, and the hardne.ss 6. W. 0. Bnigger gave for the index of 
refraction j3=l'7DO. The birefringence is strong; A. Alicliel-Lwy and A. Lacroix 
gave y—a—0 03. The eptical •character is negative. The crystals are strongly 
pleochroic. The mineral is incompletely flecompesed by the ordinary acids. 

0. Guiscardi <2 described a mineral which was* found in cavities ig the sanadiiic 
bombs of Mont Somraa, as a variety »)f titupitc. It was called gua^tc—after 
('. G. Guarini. According to F. Zaiflboyini and G. T. Prior, G. Guiscanli must have 
mistaken titanium for zirconium, since guafinitc is really the same as that found 
by W. C. Brogger on'onc of the Aro Islands, Norway, anrl called hiurtdahlite—after 
T. Hiortduhl. This fnakes these mincrajs apiiroiimatc (Na,(! 8 )(Si,Zr) 03 , aodlunu 
calcinm zirconatometaailicate.* W. C. Brogger gave 4 Ca{Si,Zr) 03 .Na 2 Zr 02 F 2 . 

O. Rebuffat found 1'25 per ciAit. of yttria, and 3‘45 per cent, of ceria earths ;^nd, 
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according to F. Zambonini and G. T. Prior,he mistook sirconiafor alumina or titania. 
F. Zambonini and G. J. Prror regard the mineral as a mixed salt of calcium meta- 
silicatc and sodium zirconate with some calcium fluoride, 3 CaSi 03 .Ca(F, 0 K)Na 21 r 0 j. 
F. W. Clarke represents guarinite by the formula : 

c - .SiOi^Caj^iOj. 

^ F-Zr(Si 04 ^a,^i 04 ^Zr-F 
Na-Si 04 =Caj=Si 04 ^Na 
n 

and hiijrtdahlite a 1:1 mixture of this with the hydroxyl being 




Si 04 =Ca 3 ^i 0 


r*>Zr=F4 


¥aH>«‘04-Ca3-Si04<j,-^ 


in part replaced by fluorine. The mineral ronenhuschile—vice rare earths— sodium 
' calcium titanium zirconato^cate, is assumed to be built on the same plan as 
guariidte, namely : 

• ^Si 0 i-S€at=Si 04 

* , F—Zi< Si04“(.'a5SSi0, ^Zr—F 

. ^Si047'i;i - t?i04^ 

• 4 •• Na, Fa Nsj 


The cofour is )iale yellow to brown. The crystals of hibrtdahlite were stated by 
W. C. Brbgger to be triclinio with axial ratios a:b: c=0’99835 : 1 : ()'35123, and 
a-,-89“ ‘22J', d ‘-90° flflj', and y=90°6^'. G. Guiscardi, and V. von Lang said that 
the crystals of guarinite are rhombic, with axial ratios u:b: c=0’9892 : 1 :0’3712 ; 
F. Zambonini gave ()'99268:1; 0-370()8; this would make the zirconatosilicate 
dimorphous. The optic axial angle 2F=90" nearly. W. C. Brogger gave 3-267 
for the sp. gr. of hibrtdahlite; G. Guiscardi gave 3'487 for guarinite, and F. Zam¬ 
bonini, 2-9-3-3. The hardmas of hibrtdahlite is given as 5-5 6, and that of guarinite 
as 6. The, index of refraction of guarinite is, according to H. Rosenbusch, j3—l-68- 
1-71 ; F. Zambonini gave for the birefringence y—J3--0-0047 ; d-““=0'()048 ; y—a 
=0-(X)95. He also found the mineral pleochroic. The optical properties agree 
closely with those of danburite. 

T. Schcerer‘‘3 found citron-yellow crystals of a mineral on s.veral islands in the 
Langesund fiord, Norway. The mineral was named wohlciite— after F. Wohler. 
Analyses of the mineral were made by T. Scheerer, R. Hermann, C. F. Rammelsberg, 
F. T. Cl(!ve, etc. The^re^ults couespond with ciilcium zirconatoeolumbatosilicate, 
12 Ca(Si,Zr) 03 .Cu(!bj; 0 j, with part of the calcium replaced by sodium ; some iron 
and mangaiu'se are present; and, according to W. C. Brbgger, wrih the CaZrOs 
replaced in part bv CaZr( 03 F 2 ),,sa.(ie ccria earths may also be, present. P. Groth 
gave CaioNa(Siio2r3Cb.2()42r;(. F.,,W. Clarke represents the composition as a 
mixed salt having one mol of the same tyi)e as that of rosenbuschite with Z' in 
place of Ti along with 4 iiioli of sodium cMcium zirconium columbatosilica|te ; 


.Si 04 =C 8 ,^i 04 , 
0=:Cb( Si 04 =Ca,=Si 04 -iCb =0 

,, >Si 04 =Zr =Si 04 <,' 

, Na * * Na. 


G. Hevesy and V. T. Jantzen found 0-7 per cent, of hafnia in wbhlenite from 
fjangesund. The prismatic or tabular crystals v. ere at first thought to be rhombic 
by P. C. Weibye, A. dcs Cloizcaux, H. Dauber, J. D. Dana, and G. A. Kenngott. 
Later, A. des Cloizeaux, W. C. Brbgger, C. F. Rammelsberg, showed that the 
mineral is mouoclinic. The axial ratios are a:b: c—1-0536; 1:0-70878, and 
^=71° 3'. The colour is various shades of yellow, brown, and grey. , Twins on 
the l'.X)-plane are often found. The OlO-cleavage is distinct. The sp. gr. is 3-41- 
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3’44, and the hardness 5‘5-6. W. C, Broggtr foundi the optic axial angles 2//« 
=91° 18' for Na-light, 2ffo=121° 42', and 2F=7^° 31'. Jt«*'surement8 were also 
made b)*A. des Cloizeaux, and A. Michel-I.,evy and A. I^croix. Observations 
with red, blue and green light were also made. The refractive index j3=l ’67 -1'74. 
Raising the temp, to was foWl by A. des t'loizAiux to make no perceptible 
change in the optic axial an^e. 0. P. Tschernik give y—<i=0’023; y~^-(F014; 
and a=0'014; and the optical character is negative. The crystals are plco- 
chroic, (f. Kriiss and L. F. Nilson studiwl the absorption'spectra. The mineral 
dissolves ii^hot cone, hydrochloric acid with the separation of silica and coluinbinm 
pentoxide. ' * 

J. J. Berzelius^* obtain'd a black mineral from Fredriksvarn, Norway, and 
he called it polymignite— from y.lyv)u, a mixture -jn allusiop to its 
comjKjsition. Analyses were reported by W, Brdgger, J. .1. Berzelius, and 
Q. P. Tschernik. Its composition ajiproximates CiklciuiV cdHttin silicozilCatotlUlta- 
late, 5 RTi() 3 . 5 RZr 0 s*l{('ra 03 ) 3 , wh.'re R (loiiolrs iron, calcinm, lynl the eeriuin 
motals, ami the tanlaluiu, Ta, includes sotne columlmiin, (.1). The slemler pris- * 
matic crystals arc often striated. They wen‘ examined by (}. Row’, M. L. Franken- 
heim, and W. C. Jird^'ger. They belong to the rhombic system and have the axial 
ratios « : b : c~0'712I*5 : I : 051207. The (KKI) and (010) iaeea show*traee.s of 
cleavage. The sp. gr. is 4’77, and the hard*je3s b’f). . 

The thorium silicates are represented by thorite or onfitgite, yttriHlite, a?id 
mackintoshite <liscussed in eonnectioii with the oeeurr(;nee of thorium, «ind the 
complex uranium sdiout(\s. The complex rare earth silicates are diseusseii in 
conneetitm wdtli the oecurrenee of the rare earths; and fur scandium orthodi- 
silicatCi or thortveitite, ouiv seandiuin ; and yttrium orthodisilicate# or tlmleifite, 
vide rare earths. * 
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§ 49. The Chromiom Silii»tes 

St. M. Godon i evaporated an aq. soln. of chromic .acid with silicic acid, and 
obtained a yellow insoluble powder; (5. A. Quesneville. said that chrqpiic acid 
dissolves a little hydrated silica, and deposits it again on evaporation, and all the 
chromic acid can be washed from the resMue. F. Atigel obtained a cliromium 
silicate as a greyish-green hydrogel by mixing soln. of cliromic’chlOride and stKlium 
silicate. The dehydration curve is a continuous function of the temf. The 
composition approximates to that of dichromitUD bezahydro-triorthosilicate, 
Hi2Cr4Si(024.H4Si04, or 2HjCr2(Si04),j.H4Si04. If. Kammerer obtained a 
green amorphous clay from Okhansk, Siberia, and he called it mkhonskoite — 
after M. Wolschonsky. Analyses were rejmrted by ^!. M. Kersten, P. Krotofl, 

F. Angel, and N. von Kokscharoff. It contains from 17'93 to 18'86 per cent. 
C'r203 ; iO’43 to 17'8.5 per cent. Fe203 ; 3’50 to 6'47 per cent. AI2O3; 36 84 to 
37 ()1 per cent. SiO.^; and 21'84 to 22 46 per cent. HoO. E. T. Wherry and* 

G. V. Brown gave Cr2O3.2SiO2.2H2O, or H4('r2Si20B, dichiomodisOicic add. 
(H0)4Al2(0 Si0)20. According to F. Angel, the composition approximates 
(Il2,Mg,Fe,Ca)3(Cr,Fe,Al)2(Si04)3. About 11 08 per cent, of moisture is lost by 
wolchonskoite when dried to a constant weight at 100° in the presence of cone, 
sulphuric acid. Tl^ire is a terrace in the dehydration curve between 160“ and 
190°. F. Angel jonsiders the water given oil below 160° to be absorbed, that 
over 190°, to be constitutional. At 19t)’, the colour of the mineral begins to 
change, and at 280°-3(X)° it becomes a brownis4i-4)lack. The sj).»gr. is 2'2-2’3. 
F. Angel gave 2'337. The hardness is*2-2J. E. T. fWi^rry and (1. V. Brown 
gave 1'585 for.the*index of refraction, j8. The Mineral is decomposed by hot 
hydrochloric acid, with the separation of^elatinc'is silica ; about half the chromium 
is dissolved. 

.1. E. Wolfi, A. Duflos, and J. Zellner analyzed green cli^ii-^hrome. ochres—from Unst, 
Shetlartls, and Mortenterg, Sweden, etc. These ochres appear to ho clays containing 
chromic and ferric oxides in place of some of the alumina. The selu ynite of G. H. F. GIrich 
*—after*A. C. Selwyn—from Heathcote, Victoria, contains 4'66 per cent. MgtJ; 7'61 per 
cent. CtiOi; 33 23 per cent. Al,0|; 47T5 per cent. SiOj; and 6'2S per cent. H,0. A 
chromiferous allophane wds found by 8. A. W. voig Herder at Budniak, Serbia, and 
Volterra, Tuscany. He called it miloschite— iflter Prince Miiosipii—A. Ureitbaupt called it 
Serbian. It was analyzed by 0. M. Kersten, and E. Dechi. It contains.!'61-8 11 percent. 
Cr,0| in place of the alumina of allophane. Its sp. gr. is 2131, and it» hardness lf-2. 

E. T. Wber^ and G. V. Brown represented its iurmula (AI,Gr),0,.28i0,.21^,0, and gave 
for the indices of refraction a=l'552, ^1 552, and y=l'669. It is presumed to be 
monoclinic. 8. M. Losanitsch described a gredb n^eral from Budniak, Serbia, which he 
called alexandrolite; rits composition approximated (Al,Cr)40,.2Si0,.2H,0, its sp. gr. 
was 2131, and hardnew 1^-2. He also obtained a siliceous chromiferous clay from Avala, 
Serbia, which he called aoalUe —but it is pnl^bly a mixture. H. Laspeyrea applied th« 
term cosmochlore to a chromiferou^mineral in the Toluca meteoritic iron; P. Groth called 
it cosmochnmke. The omersld-|treen crystals are probably monoclinic. The birefrinuence 
VOL. VI , 3 K 
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is high, the extinction oblique, and there ere distinct cleavages parallel to (100) and (010), and 
less distinct prismatic cleavages. Tho'analysis approximates to (C'a,Mg,Fe),AI,Cr,Sii,0,4 
or {E'"0),R'iilSiO,),. • The iiardgess it 6-6. 

'1 

A chromium epidote froin Tawmaw, Upper Burma, called tanmawite, canying 
1M6 per cent, of chromic Oxide, was described by A. W. 3. Bleeck.* The cakium 
aluiftinium ferric chromium silkale is deep green in ;olour and strongly pleochroic. 
H. Hess 0 found a chromiferous garnet lining cavities in the chrome iron ore of the 
Ural, and it has been reported from,,other localitie.s. Ho named it uwarowite, 
ouvarovUe, owarowUe, or ouvaroffite— Aitor Count Ouvaroo, Owarow, or Ouvaroff. 
An impure variety occurring with the chromite of Monterey Co., Cal., was called 
Irautwivite by E. Goldsmith. Analyses of ouvaroffite, were made by A. Komonen, 
H. Erdmann, A. Damour, T. 8. Hunt, L. Aars-Anderson, A. Borgstrom, and 
L. Colomba. The*results computed by C. F. Rammelsbcrg agree with the formula 
calcium dichromic tiitfrtkosiiicste, Ca 3 Cr.,(Si 04 ) 3 , jdus isomorphous Ca 3 A). 2 (Si 04)3 
and CasFe 2 (Si 04 ) 3 . The general properties agree with those of the other garnets— 
vide grossular. The sp. gr. is ,^-4184 and the hardness 5-7. W. E. Ford gave for the 
index of refraction I'STO —vide Table XXIX. Z. Weyberg* fused a mixture of silica, 
chromic oxide, sodium carbonate, and a large exce.ss of sodium chloride, and after 
washing',' he obtained a crystalline powder of the e.om])osition 2 Na 20 . 3 Cr 203 . 6 Si 02 . 
The dark green crystals are rhombic and pleochroic. By using a mixture of sodium 
meto.sili6’atc, chrpnti.; hydroxide, and an excess of sodium chloride, rhombic crystals 
of the composition 5 N%, 0 . 2 Cr 203 . 11 Si 0 o were obtained ; and with a mixture of 
ammonium dichromato, sodium metasilicate and sodium chloride, tridymite-like 
crystals of the, composition 3 Na 20 . 2 Cr 203 . 95 Si 02 . The products with chromic 
oxide are thusquite dilfcrent from thosewithalumina,or ferric oxide. 8. J.Thugutt 
reported that a kind of chronmlosodnlile, 4(Na20.Al203.28i02)Na2Cr04.5H20, or 
eodium ahtmininm chrmuttusilmle, is formed as a pale yellow aniorj)hous powder 
when kaolinite, sodium hydroxide and chromate, and water are heated in an 
autoclave at 176°-20r)'’. 
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§ 50. Molybdenum, Tungsten, and Uranium Silicates—Heteropolyadds 

In 1826, J. J. Berzelius ^ showed'tbat molybdic and phosphoric acids unite 
and together act the part of a mixed acid in ammonium phosphomolyhdate. The 
obsevations of J. C. G. de Marignac, reported in his memoir Recherckee m lei 
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lungstates, U* fluolungstales et les silicotungsla^ (1862), established the character 
of these complex acids. This memoir can be regarded as the starting-point of the 
chemistrjj o^ these comjwunds. Other compfei hiibrganic actds, as W. Gibbs called 
tl;cm, were afterwards discussed by A. Laurent, L. Svanberg and II. Struve, F. Mar 
gueritte, E. Zcttuoff, A. {futsingca^ V. Eggcrts, C. Scheibler, A. Lipowitz, H. Debray, 
F. L. Sonnenschein, M. Spreuger, G. A. Burbieri, M. Klein^ F. Mauro, H. Co^wux, 
P. Pannentier, W. Kuop, E. H. Jenkins, R. W. Atkinson, R, Fiukcnor, M. Seligsohn, 

J. Lefort.*F. Kehrmann and co-workers, M. Frenicry, C. Priedheini, .\. Miolati, 
1*. Pfeiffer, etc. A. Rosenheim called the Complex acids containing more than one 
moLofacid*nhydri(le,polyacidS»-c.j.the pyrosulphuricaeid, 11 .^ 8207 , or H.^[ObSO.j).j); 
pyrophosphoric acid, ll 4 l’. 207 , or Il 4 [ 0 (P 0 ;|)>] 1 tetraohromic acid, H-iCrjOu, or 
HalOlOrOj)!]; metatungstic acid, Jl 4 VV 40 i 3 , or Hj 0 (\V 03 ),]; etc. In these, 
the acid radicles arc of the same kind, and they are cafle<i iso> 9 (fl;acids in'contra¬ 
distinction to the beteropolyacids in which the*rudicle 8 pn»different—C.J. phospho- 
tungstic acid, H 7 [P(Ws, 07 )j]; silicotiingstic acid, ll 8 [Si('V 307 )g]; silicomolybdie 
acid, H 8 [Si(Mo. 207 l 8 j; etc. There are two classes of heteropolyat'ids and salts. • 
In the so-called (i) wirkliclic IlrU'ropoJysiiuren, the amou contains only anionagenic 
constituents, while in the so-called (ii^ Metallkoinpki^dureii, the anion contains 
amphoteric oxidi^S Itke chromic, oxide, ferric oxide, and alumina. • 

The formation of the polyacidic anions depends op the elcctroallinilj’ of the 
complex, and R. Abegg and G. Bodliinder showi'd that th« tendency to form 
complexes generally increa.ses with decreasing elect roaftinity. ^onBeipiejjtly. the 
oxygenous anions and amphoteric oxides with a feeble efcctroaffinity form hetero- 
poivanions. ,\. Koseidieim has shown that the oxiiles of the, elements ).- II, (hi. 
Ah'; JI.—Be; IIJ. - B, Al; IV.--C, St, Ti, Zr, Co, Th, Sn ; V. - N, V, (J), Ta. P, 
As, Sb ; Vl.-Cr, Mo, W, U, 8, Sc, Te ; VII.-Mn, 1; and VIU.-Fe, Co, Ni, Rh, 
Os, Ir, Pt, exhibit a tendency to form hetero])olynckls. Hydrogen forms with 
its aiuphotiiric oxide, Wiit-er, hydrogen dioxide, and the per-salts and jicr-acids. 
Many <'leet ronegativc anions -pcrcldorate, chlorate, broniate, etc.- have a tendency, 
to form polyamons. The anions PO"’|, PO'bi, 1IP0"3, II.^PO'^, .AsO/', ainl 
As0"'3 form polyanion.s. SO,.i and SeO;, occur frcipicntly in heteropolyanions, while 
81)4 and 8064 randy if ever form such anions. Silicic acid exhibits a marked 
ti'iidency to form heterojiolynidil.s, and a great number of native silicates- particu¬ 
larly the complex aluinimnni silicates, are jioasibly heteropolysilieic acids. There 
is also a series of siticomolybdates, and a scries of silicotnngstates. 

M. Delafontiuno - did not succeed in making a silicomolybdatc by boiling 
sodium molybdate with water and silicic acid ; but, by other processes, F. Par- 
nicntier, W. Asch, and H. Copaiux obtained several sil^c^lodccamolybdatcs, and 
two hydrosilicodoijccaniolybdic acids. \V. Asch iinsnccessfnlly tried to make 
siiicomolybdic'acids with a smaller |)roportion of*inolybdic oxide than is repre¬ 
sented by the ratio MoO^ ; S 1 O 2 --I 2 : f, by trjatijig a soln. of podium nietasilicate 
with smalle.r proportions of molybdic acid. Jlie product was a mixture of tetra- 
sodium silicododecamolybdate, 2 Na. 2 (J.Si 02 . 12 Mo(j 3 A(j., and other molybdates. 

F.,Parmcnticr obtained hydrosilicododecamolybdic 4cid, (Si 02 . 4 H 20 )l 2 Mo 03 . 
22 H 2 O, by the action of dil. hydrochloric acid on octomeKIUons sibcododeca- 
‘molybdate, 4 Hg 20 .Si 02 . 12 Mo() 3 ,or Hga[.‘^i(Mo 207 )(]. The mejciirysalt was made 
by pouring a soln. of aminoninjn silicomolybdatc into one of mercurous nitrate or 
• adding mercuric molybdate,to a soln. oba silic^ft in nitric acid. The precipitate 
was washed many times with dil. mercurons nitrate, and dried on a porous tile; 
it should not be dried by pressure between filter paper owing to the teady reduction 
of the salt by organic matters, ffhe mercllrous salt forms small ySllow crystals, 
which act on polariked light. The Silt is decomposed by water, blackened by 
alkalies, and decomposed by ammonium hydrosiilphjde precipitating silica and 
mercuric sulphide. »E. Drechsel obtainjd'tho acid by extracting the alkali saR 
with ether. Hydrosilicododesamolybdic a*id forms yellow octahedral crystals 
belonging to the cubic system. According to E. Bratier, the composition af the 
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acid obtained by crystallization fropi aq. soln. is H8Si(Mo207)g.28H20. A soln. of 
the acid in hot cone, nitpc acid furnishes on cooling small yellow plates of 
H88i(Mo207)8.14H20.’ A. Miolati represented the octobasic acid by.thj formula 
H8[Si{Mo207)j].»H20; and A. Rosenheim showed that the composition of the 
silver and mercury salts agrees with the octobasitfity of the acid. The crystals melt 
between 45 ° and 55 ° in,their Water of crystalbzation'and decompose at 100 °. The 
complex acid is sparingly soluble in water and dil. acids. An excess of alkali car¬ 
bonate and ammonia .decomposes the implex acid with the separation of silica. 
When treated with bases, crystalline salts are formed. Unlike phosphoraolybdic 
acid, iK>tassium hydroxide does not produce an 'insoluble salt, but with csesium 
aiul rubidium salts, s[)aringly soluble salts are forme(). W. Asch made octosilver 
sUioodqdecamolybdate, 4 Ag20.8i02.12Mo03.15H20, or Ag(,[8i(Mo207)e].15H20, 
by pouring a conc.’soln. of silver nitrate into one of sodium silicomolybdate. The 
yellow amorphous precipitate ■■soon becomes crystalline. A. Rosenheim and 
. 1 . Pinsker prepared the guanidine salt. E. Braue'r found the hydrogen ion cone, 
of a 0 -() 151 V-sojn. to be [H ]= 4'3 x 10 ^**. Two hydrated hydiosilicododecamolybdio 
adds have been reported, but E. Braiier considers that both acids are really the octo¬ 
basic acid just described. "W. Asch obtained crystals of (2H20.Si02).12Mo03.30H20 
by ad(ring tetrasodiura silicododecamolybdate, 2Na20.Si02.12Mo03.21H20, 
in the cold to a large e.xcess of dil. sulphuric acid (1 :5), shaking the soln. in a 
separating funnql wkh an excess of ether. Three layers are formed ; the bottom 
layer is^ a soln. of the free acid in ether; the top layer is aq. ether; and the inter¬ 
mediate layer is a soln. of sodium sulphate in ether and water. The bottom layer 
is run off, and mixed with much water ; the ether is evaporated and the aq. soln. 
cone, at about 45 °. Large crystals of the acid are formed. W. Asch found the 
sp. gr. of aq. soln.. of the free acid of normality N, at 10 ° and 40 °, to be 

N ■ . . 0-4 o'2 0 1 0 05 0 026 0 0126 0 00625 0 00.1126 

16° . . . 1 1447 1 0730 1 0384 1 O205 1 0116 1 0069 1 0049 10035 

,16" . . . 1-1341 1-0647 1-0303 1 0125 1 0038 0-9992 0-9963 0-9960 

and the mol. eondiietivities of soln. with a gram-eq. of the aeid in v litres of water, 

V . . . 2-5 5 20 80 160 320 640 1280 

10° . . 215-9 230-7 2.57-6 272-75 282 05 286-40 200 90 296 22 

40“ . . .327-6 360-1 4020 42600 439-75 453-62 461 98 482 60 

The aeid is decomposed by alkalies ; but with chlorides or aiil|-.liates in theoretical 
proportions two series of salts arc produced, 2R.,0.8i03.1‘2Mo03..4q., and 
l’5It20.Si0.3.12^Mo03.A(|. Aniline, pyridine, and other organic bases give a 
yellow crystalirne ])reei,iiitate. ' 

H. Copaux obtained crystals of (2H.30.Si02)12Mo03.,31H20 by mixing a 
dil. soln. of sodium silicomolylKiate with five times the amount of sulphuric acid, 
and adding ether. The yellow oil., which” collects at the bottom of the flask is 
treated with an excess of water ajiid evaporated at 2 ()°- 30 ° for ’crystals. The 
same acid was made by mixing hot soln. of ammonium molybdate and sodium 
silicate in proportions I'eqtlircd for SiO:12Mo03, and adding five tim.es the 
quantity of sulphuric acid. The mixture was treated with ether, etc., as in the 
previous case. The two acids arc probably the same. The yellow octahedral 
crystals are often opaque and have superficial .efflorescence. They belong to 
the tetragonal system and hav-e tjio axial-ratio a : c=l : 1 - 007 . They are isomor- 
phous with the Corresponding silL'otungstic acid. Wlien treated with nitric acid 
at 35 °, a tricliRic hydrate with 15 mols. of water is formed. 

According to W. Knop, by saturating potassium silicate with nitric acid, and 
adding ammonium molybdate, a yqllow-col6ur is produced, and in the presence of 
much ammoniunj chloride, an orange precipitate is formed, - E. Richters found 
that the precipitation is accelerated by warming the soln. to 60 °. The precipitate 
dissolves in aq. ammonia and flocculent silicic acid is slowly formed; but in the 
presence of much ammonium chloride, the separation of silica is incomplete. 
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F. Parmentier prepared tetnumoniom sUioododeoavoIybdat*, 2 (NH 4 )j 0 . 8 i 0 j. 
12Mo03.nH20, or (NH4)4H4[Si(Mc^07)(].nH|0, by mixing, nitric acid soln. of 
ammonioir molybdate and alkali silicate. The yellow bqnid furnishes a crystalline 
precipitate. The octahedral crystals can be purified Cy dissolving them in water, 
and precipitating by th# additioif of an ammonium stdt. W. Gibbs reported the 
formation of yellow crystals *of (NH4)20.Si02.121fo03.5H«0 by mixing soft, of 
ammonium molybdate and hydrofluosilicic acid. A. Boscnkcim and J. Pinsker 
prepared tSe guanidine salt. . • 

H. CWux made tetralithium silicdSodecamolybdate, 2Li20.Si0jj.l2Mo03. 

29H2O, or lii4H4[Si(Mo207)e].2?H.30, by evaporating a mixed soln. of tfto acid 
and a lithium salt in the cojd. The octaheclral crystals are singly refracting and 
belong to the cubic system ; they are sparingly solublc.in cold water. Fiv,e mols. 
of watqr are retained at 105 “, and 6 mols. w]ien dried in the cold over baryta. 

F. Parmentier made a tetrasodium silicododecalnolybdatt, 2Nu..O.SiU...12Mo03. 
nHsO, or Na4H4L8i(jfo.,07)8j.KH.20, by the same method as that,emi)loycd for 
the ammonium salt. If. Oopaux obtained a salt with n 14 by heating umler * 
press, for 7-8 hrs. at 1 . 50 “, a mixture of sodium silicate and molybdic acid, anil 
evaporating the j^alc yellow liquid at Iti’. The yellow" triclinic crystals have the 
axial ratios o: h: c - 1083 : I; 0 - 514 , and u -- 90 “ . 37 ', / 3 -- 91 “. 2 r, and y* 8 , 3 " 30 '. 
They are stable, in air. If the evaporation bV conducted at.ordinary temp., the 
tricliuic crystals have «-- 22 . They deliquesce strongly aft *x))osur? to air. 
W. Asch obtained the salt with ii =:21 by gradually satiyating a boiling wq. soln. 
of sodium metasilicate with molybdic acid. The gelatinous silica first formed 
dissolves when more molybdic acid is added. The soln. evaporated at 45 ", 
furnishes a syrupy liquid which deposits large yellow monocliuic crystals. 'The 
loss of water at different temp, is eq. to 17-59 mols at 100 "; K -85 mols at lit)"- 
145 “; 20-15 inoLs at 225 "- 235 "; 20-97 mols at 230 "- 235 "; and 21 mols at 2 ti 0 "- 
265 ". The mol. wt. of the salt by the lowering of the f.)). by 11 . Liiwenherz's 
method i.s 1912 , without taking the water into consideration. When treated witli* 
chlorides, nitrates, or sulphates, the corresponding silicomolybdates are. formed ; 
and with organic bases like iiniliiie, pyridine, or quinoline- yellow powders, 
sparingly soluble in water, are formed. The salt is decoiiqiosed by sodium 
carbonate, forming silica, carbon dioxide, and sodium molybdate. F. I’aruieiitier 
prepared tetrapot^ium siJicododecamolybdate, 2K20.8i02.l2Mo03.)iH20, or 
K4H4[Si(Mo207)8|.iilI.20, by the process employed for the ammonium salt. 
W. Asch made vAllow hexagonal prisms with « - Ifi by treating the sodium salt 
with the calculated quantity of potassium chlpode. Th, crystals etlloresce in 
air and lose their lustre. When Seated to ItXJ", 14 .58 i»oIb of water arc lost; at 
160 ", 15-32 mols; 'at 215 "- 240 °, 15 60 mols; and at 260 ’~ 265 °, 10 rnols. The 
sp. gr. of aq. soln. of normality A, at 10 " and at 10 , are: 


A' 

* . 0-4 

0-2 

0-1 

0-06 0 0*6 

OOI 2 I! 

0-00626 

0 003126 

10“. . . 

. 1-1660 1-0771 

1 042.3 

1 -07^7 1 -008 

1 -0040 

1 00190 

1 000 

40" . 

* 

. 1 1482 1-0724 

1 0344 

1-0098 O-OtlJIS 

,0-9007 

0-0042 

0-0920 

The n\pl. conductivities at 10 ° and 40 " 

for soln. with a 

gram-eq 

. of the 

salt in V 

litres of water 

are: 




• 



* 

2-6 

• 6 • 

10 

20 . 80 

160 

320 

040 

10° 

61-06 

68-e£ 

72-73 

*78-24 . tfl-60 

. 08-60 

104-12 

114-20 

40" 

110-06 

124-10 

132 66 

141-00 • 108-08 

184 15 

204 06 

238 62 


H. Copaux obtained a potassiym Salt with n=- 18 , Jiy cvajiorating the soln. at 
40 °. The hexagonal crystals have aastrbpg negative double refraction, and the 
axial ratio is a : c—J : 0 - 6809 . They effloresc# in air, apd slowly decompose. At 
ordinary temp, over baryta, 16 mols of w^fer are giv«i off; and at 106 ", 17 mols 
of water are given olf. H. Copaux alsoSnadc rabi^um dlioododeoamolybdato in 
a similar manner. He found that the silicomolybdates are usually isnmornlious 
with the corresponding silicotungstates, which they also closely resemble in degree 
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of hydration and solubility t the mercurous, thallium, rubidium, and ammonium 
salts of the two scrips being yery (sparingly soluble, whilst the alkaloid silico- 
molybdates are as insoluble m the corresponding silicotungstates. The |)otassium 
salts of silicomolybdic and of silicotungstic acids containing I8H2O form hexagonal 
crystals closely resembling 'those of quartz, an^ tliey are dextro-rotatory, whilst 
their* soln. are optically inactive; laivo-rotatory crystals of these salts can also 
be obtained from sola, containing traces of alkali impurity; dextropotassiura sili- 
comolybdatc crystals have [fl]B =-)-17 (k- 17 ' 4 ° and the lievo-crystals [0]^=— 17 'r. 

W. Asch, and H. Copaux made trioasic sate of the alkali silicomolybdates. 
Thus, W. Asch made trisodium p^tahydrosilieod^ecamolybdate, liNa20.JH20. 
Si02.12MoO;j.l6^H20, or Na3H5[Si{Mo207)o].«H20, by treating a mol of the normal 
sodium,salt with ,6 niols of hydrochloric acid ; and H. Copaux, by cooling a mixed 
soln. of normal sodium silicomolybdatc and silicomolybdic acid, concentrated at 35 °. 
The monoclinic tabular ctystals*have the axial ratios a: b:c—l M] :] : 0 ' 999 , 
and j 8 :-= 100 ° ^ 8 '. The crystals are stable in air. According to W. Asch, the 
' crystals lose 13’16 moLs of wat/ir at 1 (K)°- 110 °; 13-36 mols at HO°- 145 °; 15-5 niols 
at 225 °- 235 °; 16-5 at 230 °- 235 "; and 16-99 a,t 260 °- 265 °. The corresponding tri- 
potassium pentahydrostflicododecamolybdttte, UK20.JIl20.Sj.03l2M()0.,.13pi20. 
K3ll5[SiCMo2()7)6].aH2G, was made by W. Asch by mixing a mol of the normal 
potassium salt with 5 mols of hydrm-lilorie ai-id ; by evaporating equimolar soln. 
of the acid and the.'irormal potassium salt at 45 ''- 50 ''; or by treating a mol of the 
acid with 2 mols of jiotassium nitrate. II. Copaux also made this salt and found 
the yellow monot-linic plates have the axial ratios a:b:c~\ - 2 (X): 1 : 0 - 860 , and 
^— 102 “ 21 '. According to W, Asch, the salt loses 12-16 mols of water at 80 °-i 00 ‘’; 
12*9 mols at 160 °; 13 02 iiiols at 215 °; and 14 02 mols at 260 °- 265 °. The salt is 
stable only in the'presence of an excess of acid; and in contact with water the 
crystals become turbid and then dissolve completely. 

W. Asch made tetrasilver tetrahydrosilicododecamolybdate, 2Ag.2O.8iO2. 
.I2M0O3.I2H.2O, or Ag2H4[Si(Mo207)3].12H20, by mixing dil. soln. containing 4 
mols of silver nitrate and a mol of sodium silicoilodecamolybdate. The soln. is 
evaporated at 45 °- 0 O°, and filtered. It furnishes yellow glassy crystals. Tin! sail 
is decomposed by water with the separation of silica ; it is soliibh! in aq. ammonia: 
and with hydrochloric acid, it forma silver chloride. F. I’armenf ier also made tetra¬ 
silver silicododecaniolybilate. According to W. Asch, if dil. soln. of 3 mols of silver 
nitrate and a mol of potassium hemihydrosilicododecamolybdate are mixed and 
concentrated bv evaporation, ruby-red crystals of trisilvei pentahSdrosilicododeca- 
molybdate, rjAga0.iH20.Si02/2Mo0,:ilH20, Ag,lf6[Si(Mo2{)7)6].9H20, are, 
formed. On standing, '.he crystals bco-.ime insoluble in water. H. Cojianx 
made silver potassium silicod.odecamolybdate, UAg20.,5K.20.3i()2,12Mo03.7H20, 
Ag3KH4[Si(Mo207)()].5H20, by the evaporation and crystallization of a soln. contain¬ 
ing potassium silici dodecamqlybdate, silicomolybdic acid, and silvei nitrate. The 
amount of water of crystallization depends on the temperature at which the soln. 
is evaporated : at 18 °- 2 (j°, ;;ed, triclinic crystals containing 7H2O are deposited ; 
and at 12 °- 14 °, yellow, triclinic crystals containing ISHjO. Yellow, crysTalline 
crusts with IIH2O were also formed. The red colour of one of these hydrates is 
unusual for a silicomolybdatc, which are characteristicaUy yellow in colour. 

W. Asch treated a soln. of tntrasodium silicodbdccamolybdate with a calcium - 
salt and obtained caldum sfflcotlodeoamolybdate, 2Ca0.Si0.2.12Mo03.24H20, or 
Ca2H4t8i(Mo.207)j].22H,20, and H'. Copaux made crystals of a similar salt with 
26H2O by evaporating a mixed soln. of a calcium salt and the comjilex acid at 20°. 
The uniaxial crystals are positive and feebly doubly refracting. They effloresce 
superficially on exposure to air. By evaporating the soln. at 10°, a salt with 
3IH2O is formed in regular octahedrp. H. Copaux made trigonal crystals of 
rtrontium silicododecamolybdate, 28r0.8i02.12Mo03.26H20, dr Sr2H4[Si(Mo207)e]. 
24 H 20 , by the spontaneous evaporation of a mixed soln. of the complex acid and 
a strflntium salt in the cold or at 30 °- 35 °. The trigonal crystals have the axial 
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ratio a: c=l: 2 ’ 639 , aud a=66° 44 '. The uoi^xial crystals are negative and feebly 
doubly refracting. They effloresce sujwrficin^y on cjuiosure to air. H. Copaux 
made auAided monoelinic prisms of bariom silit^odeoiuifolybdate, 2Ba0.Si02. 
I2M0O3.I6H2O, or Ba2H4[Si(Mo207)(i].14HjO, by ev'aporating a mixed solii. of 
the complex acid and»i# barium %alt at 50 "’. The crystals have the axial ratios 
a:b: c=l '811 : 1 : 1 '. 554 , and*^--lOd" 15 '. If the loin, be^evaporated at 3 o% .' 12 ", 
trigonal crystals, with 22 II..O, ami the axial ratio a : t-^l; 1 ; 2866 . and a= 88" 4 ', 
are formed. The uniaxial crystals are ni^ative and strongly doubly refracting. 
They efflorjscc on exposure to air. They diss<dve in four times their weight of 
cold water. By efraporating tile soln. at 20 ", H. Copaux obtained a .sjt with 
29H.2O in regular octahedral crystals. \V. Asch made yellow crystals of a similar 
salt with 24H2O by double decomposition of a bariumjialt with the .sodium silico- 
dodeca^iolybdate. 'I'he salt is soluble in water; and the erjijfuls lose w’atei on 
exposure to air. * • , • 

W. Asch made yelhTw crystals of magnesium silicododecamelybdate, 2Mg0.8i0.2. 
I2M0O3.3OII2O, or Mg2H4[Si(Mo2()7)j|.28ll2(l, by (Ipuble decomposition with tin; • 
s(alium complex salt and a magnesium salt. II. i'oiiaux made the magnesium salt 
with 3IH2O by eyajioratiug a soln. of the acid with a fiiagncsiiim salt at 15 " 35 ". 
'I'he yellow octahedral crystals belong to the cubic svstciii. '[hey readilj^effloreacc 
on exposure, and are sparingly soluble in^wtitcr. 11 . t'ojiajix also made yellow 
cubic octahedral crystals of zinc silicododecamolybdate, 2 ZiiO.Si(^.I 2 Mo( 43 . 3 I Hod, 
Zn 2 H 4 [Si(Mo 2 () 7 ) 3 j. 2 !)H 2 t), by cvajioration at l 5 "- 35 ". 'They clllorj sec on 
exposure to air, and are very soluble. (Irccnish-ycllow trichmc crystals of cadmium 

silicododecamolybdate, 2('dO.Si02.12.MoO3.22H2O, or ('d2H4lSi(Mo207)5].2i»II.,0, 

were made in a similar way. 'The axial ratios are a:h: c- 0 ' 44 (lt 1 ; 0 ‘ 383 , iitid 
a—SS^lS', j 3 ttl" 14 ', and y tj 4 ° 42 '. They are stable in aire and readily soluble 
in water. 11 . Cojiaiix also made vdlow, isotropic, ocftihedral crystals, alu minium 

silicododecamolybdate, 2Al203.3(Hi0.,.12Mo03).!)3H2(), or Al4llf4LSi(Mo207)8ll3. 

87II2O, by evaporating in the presence of (piicklime, at 15 "- 35 ", a soln. of 3 niols^ 
of silicomolybdic acid and 4 mols of aluminium chloride. 8 . J. 'I'hugutt made 
sodium aluminium silicomolybdate, 4 (Na.,u. 28 i(l 2 ).Na. 2 .Mo(l 4 . 71 l 20 , or niohjbtliilu- 
soiliilile, by heating kaolinitc, sodium hydroxide, sodium molybdate, and water 
for 78 hrs. at 195 " 215 ". F. Parmentier made thallous silicododecamolybdate, 
2ri2O.Si02.12Mo0j.l0H20, or 'ri4H4[Si(Mo207)8].81l20, as a yellow crystalline 
powder, by double decomposition of ammonium silicomolybdate or silicomolybdic 
acid with a solrit of a thallous salt. H. Copaux made chromium silicododeca¬ 
molybdate, 2 Cr 203 . 3 ( 8 i 02 .] 2 Mo 03 ). 931 l 20 , aigl, ferric silicodtjdecamolybdate, 
2Fe203.3(Si02.12Mo03).93H20, lliy a process similar UiAhat employed for the 
aluminium salt. • 

A number of complex coinjiounds 0/ .silicic and tungstic acids has been studied 
principally byi J. C. G. dc Marignac,^ 0 . WyroaboII, and H. Oo)giux. There apjiear 
to be three hydrates of hydrosilicododecat«ngstiC*acid, and an isomeric form. 
T 5 c^ octocosihydrule, H8[Si(W207)e].28Il20, crystullizes at: ordinary temp, below 
28 ’ 5 °*frora aij. soln.; above 28 ' 5 ", rhombic cr^stHs of the doconihydrule, 

, H 8 [SilW 20 j)el. 22 H., 0 , appear. Cone, aip soln. of the acid when treated with 
fuming hydrochloric acid give thin prisms of thepextfldccfl^iii'atc, H3[Si(W207)8]. 
IbHjO. An isomeric form, ait iconhydnde, H3[8i(W2O7)8|.20H2G, has also been 
obtained in triclinic crystals. The iaoin?ric forms dre sygnbolized . 
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W. and D. Asch’s hexife-pentilp hypothesis applies better to the deca- and 
dodeca-tungstic and -molyhdic acidp than to the aluminosilicic acids. In this 
theory it is assumed that the dodecamolybdic and dodecatungstic acids' and salts 
are compounded of hexite rihgs: 



where R represents the sexivalent radicle W or Mo. This makes a series of three 
possible salts of the type : lIL0.Si02.J2W03, and with nuclei: 


tl 





The calcium salt, 30 a 0 . 8 H 20 . 8 i 02 . 12 W 03 .?»H 20 , which retains 8 inols of water at 
100 °, can bo represented 



m> m, 


Likewise the dimorphous potassium salt, 2 K 20 . 2 H 20 .Si 02 . 12 W 02 . 71 l 20 . can be 
represented 



The decatiingstic atids and ealts are represented in an analogous manner by 
means of pentite rings. Thus, 4R20'Si02.10W03 becomes 



J. C. G. de Marignac reported isohydro-ffilicododecatungstic add, 
Si 02 . 12 W 03 . 24 H 20 , or (8i02.4H20).I2W03.20H20, ic. H8SiW,2O4.2.20H2O, or 
H8t8i(W2O7)e].20H2O, to be formed by evaporating an aq. soln. of silicotungstic 
acid to dryness, digesting the residue with water, and again evaporating the aq. 
e.xtract to a syrupy liquid which then furnishes fine crystals. H. Coiwux repre¬ 
sented the compos'tion of the acid by (Si02.2H20).]2W03.22H[2G. 

« • 

H. Copaux prepared this acid by dtsaolving sodium t .lugstate in 7-8 times its weight 
of water, and gradually adding 20 per cent, sulphuric acid until the soln. reacts feebly 
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acid to litmua. An aq. soln. oi tlis calculated quantity ot todium silicate U then added, 
and the soln. awin acidided with sulphuric acid. The mixture is evaporated on the 
water-batlw untU oily drops separate when treat^ with sutphurih acid and ether. The 
or^tala obtained on cooUng are a mixture of the requiret^ acid with a higher hydrated 
acid. The two are separated by converting them into their potassium salts. According to 
H. Copaux, the former gi\»3#2K,O.Si(>,. 12\V0i. I8H,0, the Irtter 2K,0.8i0j. 12\V0,.1)H|0; 
'the former salt furnishes coiourluss hexagonal crystals nilich deliquesce in air ; the Ihtter 
salt furnishes yellow rhombic crystals which do not deliquesce in'air. Hence by exposing 
the mixed salts to air at 40”, the more deliquescent salt is readily rdlnoved. The salts are 
converted to the acids by treatment with a mi^ure of ether and ^phuric acid. 

Gr. Wyrouboff also preparet! this acid by a similar process. E. iJtcchsol 
prepared a silicododecatuogstic acid by the action of a soln. of sodium tungstate 
on gelatinous silicic acid. The proportion of contained ivatcr wfij not detemiined. 
The cr^tals of the hydro-silicododecatungstio ^cid arc tricliiiic pinacoids, which, 
according to J. C. G. de Marignac, and P. Groth.liave rtie’axial ratios and angles 
a: 6 ; c= 0;5829 : 1 : 015 . 34 , and a- 93 " 23 '; / 3 - 122 " 20 '; anj y-- 84 “ 1 '. 
J. D. Klein discussed the isomorpliLsm of silicotungstic and borotungstic acids. 
The crystals were studied by W. Muthmann, and F. Jambonini. According to 
H. Copaux, the humiility of the air dptcftniiie.s whctlu'r the acid is stable or ctllo- 
rescent. The aciif partially melts in its water of crystallizatien below llSl ; and 
at 200 °, it loses all but two mols of water, fprfning p fine powder w Inch is readily 
soluble in water with the development of heat. After healiiijf 7 o J 00 °, the acid is 
soluble in water, and on evaporation furnishes the original acid, but if healed to 
dull redness, the acid is decompo.sed. The acid is soluble in ether. When the 
aq. soln. is heated in a sealed tube to l.'iO", it alters more quickly than does the 
potassium salt; and the dry crystals also change when kept for some tiifle. 
F. Bourion stated that at 150 °- 280 °, chlorine mixed with th 8 vap. of sulphur 
chloride, SCl^, removes all the tungsten from the acid.’ According to J. 0 . 0 . de 
Marignac, when the acid is melted with sodium carbonate, 17'77 per cent, of carbon 
dioxide is given off; and the acid also readily unites with 2 and 4 niols of base to 
form salts. J. D. Klein prepared the two senes of salts. 

a. Wyrouboff, ami A. Bertrand prcparixl eompIcxcH of tlio silivodoilecatuiigalic acids 
with the alkaloids, .A. 4A.SiO,.l2W()3.nH,(), by treating a cold cone. soln. of the alkaloid 
with a 5 por cent. soln. of siliootungstic acid. Tho uso of silicotungstic acid os a tost for 
alkaloids, etc., has bogn discussed by J. C. (1. do .Ma.iganc, P. Kehrmann, and B. Kliir- 
schoiro. At. Javillior studied the silicotungstatos of conicine, spartion, and atropiiu'. 

• 

J. C. 6 . de Marignac prepared normal *octanuqp|;|ium uosilicododecatungstate, 
4(NH4)20.Si02.12W03.16H20, orfNfl4)sl.Si(W207)8j.l6lIiOfby evajiorating a soln. 
of the acid in aq. ammonia; and also by boiling p soln. of normal ammonium 
decatungstatc for a long time, filteriiift off the precipitated silica, and coohng 
the soln. The.white amorphous mass is readiiy solijble in hot water. He also 
made tetrammoniom isotetrahydiosiUcododetataiigBtate, 2(KH4)20.2H20.8i02. 
12\f03.6H20, t.e. (NH4)4H4[Si(W207)a].6H20, by hjiling a hydrochloric acid 
soln. ofithe preceding salt or of one of the silicododecatungstates, and cooling the 
soln. (J; is soluble in hot water and when boiled with an exifess of aq. ammonia 
furnishes ammonium hydrotungstate, G. Wyrouboff regards tJiis as the normal 
salt, and J. C. G. de Marignac’s normal salt as a bpsic salt. J. C. G. de Marignac. 
found that when a soln. of on* mol of SiO 2 H 2 W 0 «. 24 lf 20 is treated with 4 mols of 
sodium carbonate it furnishes a 83Tupy mass, but. if 6 mols of the carbonate are 
used, trigonal crystals of tetnsodium. uotetrah|drosilic()dodtecatuii 8 state, 
2 Na 2 O. 2 HjO. 8 iO 2 . 12 \YOj.l 0 H 2 O, * Np 4 HdSi(W 2 O 7 )«]. 10 H 2 O, are formed. The 
crystals have the axial ratio o: c=l : 1 ’ 3277 , aiid 0=86° 50 '; they are stable in 
air, lose 8 mols of witer at 100 °; and when fused withaddinm catbonate, give off 
11 mob of carbon diotide. H. 8. van Klaos’ter found that fused sodium tungstate* 
and silicate are almost immisciWc below 1100 °. J. C. G. de Marignac prepared . 
badly-formed, rhombic crystal! of normal ootopoUwiam iioiilicododwatniicifilto, 
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4K20.8i02.12W03.20H20 ;*they lore 15 mols of water at 100 °, and when melted 
with sodium carbonatf give off ,9 mofa of carbon dioxide. 

J. C. G. de Marignac obtained the octocosihydrate, Hg[Si(W207)g].28H20, 
which he represented hyirosilicododecatungirtio acid, 8 i02.12W03.32H20, by 
treating the mercurous salt 'with hydrochloric aci'd, and removing traces of mercury. 
froni the filtrate by hj'drogen sulphide. The filtrate was cone, by evaporation, 
and allowed to crystallize. This hydrate crystallizes from aq. soln. at temp, below 
28 5 °. H. Copaux re{)resented the acit' by (Si02.2H20).12W03.31H20,' and made 
it by the action of a soln. of sodium tungstate on fre.shly precipitated gelatinous 
silicic Scid; and by the action of hydrated tungstic acid on a soln. of sodium 
silicate. 

H. Copaux prepareil tlie acid as follows; Gelatinous silicic acid is mode by adding 
cone, nitric acid to a dil. soIj.. of soUium silicate until litmus is reddened. The silicic acid 
is treated with a soln. of sodium tungstate in live times its weigh,, of water. The mixture 
, is diluted so thht the weight of liquid is about eight times that of tungstie oxide employed. 
The soln. is strongly acidified wiV-li acetic acid, and heated to its b.p. ; when hydrochloric 
acid produces no precipitate, the soln. is cooled, and treated with a mixture of ether and 
113 per cent, of sulphuric acitl until the tuibidity persists when stined. 3'he mixture 
forms thitie layers--tho lowest layer is a compoimd of ether with fiic‘24 and 32 hydrated 
silicotuiigstic acids, 'j’he two acids are separated by fractional crystallization of the 
potassiuip salts Thfl .salt 4f tlio highc! hydrate furnisties the lii-st crop of hexagonal 
prismatic crystalt, (lie lower hydrate foims rhombic crystals. The potassium salt is 
converg'd into the la id by^tieatinent with sulphuric acid and other as betore. 


According to J. (j. G. de Marignac, the octocosihydratc fornia colourless tetragonal 
crystals, but they .sometimes have a yellow tinge. The axial ratios are a : c 
--1 : 1 'Oin. Acdording to G. Wyrouboff, the crystals of the acid have an 
extremely feeble positive double refraction. They effloresce rapidly in air. The 
crystals begin to melt in their water of crystallization at 30 °, and at 53 °, fusion is 
' complete; at 100 °, 25 mols of water are given off, and no more is lost at 150 °; 
between 150 ° and 220 °, 6 mols of water are given off ; and the remaining water is 
evolved at 250 °. The product so obtained dissolves in water with the evolution 
of much heat, and when the soln. is evaporated, it gives the original acid; but if 
heated over 350 °, the orange-yellow product is insoluble in water. When melted 
with sodium carbonate, l(i '70 per cent, or 13 mols of carbon dioxide are expelled. 
At 18 °, 100 jiarts of water dissolve 90 jiarts of the acid, and the sohi. has a sp. gr. 
2 ’ 843 . The acid is readily soluble in absolute alcohol; if an excess of ether be 
added to the elcoholic soln., trv,' liquids are formed, the lower layer is a syrupy 
soln. of the acid in etlto. Anhydrous Jther dissolves the acid and the crystals. 
E. Brauer found that the aqid is not readily hydrolyzed, and the cone, of the 
hydrogen ion is [Il']= 2 ' 9 xIO~^., G. Wy-ouboff regarded the acid as tetrabasic, 
H 4 SiW,. 2 O 40 . 31 H 2 O ; J. C. Q, de Murignac, A. Rosenheim, and H. Copaux regarded 
it as octobasic. Silicododecatungstic acid is used on account of the colour reactions 
it gives with alkaloids, qud .many organic bases, a subject discussed by B. 0 . North 
andG. D. Beal. ' 

J. C. G. do Marignac prepared the docosihydrate, SiG2 l2W03.26H20, of 
(Si02.4H20).12W'03.22ir20, t.c. HatSi(W207),].22H20, by partially melting 
hydro-silicododccatungstic acid in its water of crystallization and allowing the 
decanted liijuid to crystallize slbwly; by crystallizing an aq. soln. of the acid 
above 28 ' 5 °; by evaporating a soln. of the octocosihydratc acidified with sulphuric 
or hydrochloric acid. The trigonal crystals have the axial ratios a : c=l; 1'2360 
and 0=88° 47 '. G. W'yrouboff found the .crystals of hexacosihydro-silicododeca- 
tungstic acid to be physically andrchemically isomorphous with tetracosihydrated 
siliootiingstatcs of lithium, and the alkaline earths. The crystals of the acid have a 
»3trong negative double refraction. The'crystals do not cflldresce in air, but they 
. lose 18 mols of water at 100 °. With fused sodidin carbonate, 17'38 per cent, of 
carbon dioxide is given off. G. Wyrouboff regarded the acid as tetrabasic. 
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H 4 SiWis 04 o. 24 H 20 ; J. C. G. de Marignac, A. RosenhciJn, and H. Copaui regarded 
it as octobasic. I • • • 

6 . Wtrouboff, and E. 0. North and G. D. Beal prepared non-crystal- 
line ammonium silicododecatungstate, 2 (NH 4 )j 0 .Si 0 .,. 12 W 03 . 8 H., 0 , or 
(NH 4 ) 4 H 4 [Si(W 207 )e].»lf 20 ; and*also (NH 4 ) 4 \V. 2 ^ 0 ;u. 4 NH 401 I. 14 H 20 , but no 
acid salt was made. The rtiumbohedral crystals of teindithium gilicodo^eoa- 
tungstate, 2 Li 20 .Si 02 12 W 03 . 24 H., 0 , or lii 4 H 4 [Si(W' 207 )e]. 12 Hj 0 , were found by 
G. WyroubT)lf to have the axial ratios a: c-Jl : 1C180. With soln. at 40°-45", tri- 
clinic crystal of 2 Lu 0 .Si 02 . 12 W 03 .14H..0 having the axial ratios M642:1 ;0'9681 
and a- 90°, ^- -94“'20', and y- 86 ° 2C' were formed. The crystals resembll! those 
of 2 Na 2 O.SiOo.i 2 WO 3 .i 3 H. 2 y, The triclinic crystals are feebly doubly refracting, 
and rapidly become turbid without loss of weight. «The sajt, loses 8 yiols of 
water 10,5°. G. Wyroiibofl also made trigtmal crystals of a higher hydrate, 
Li 4 H 4 [ 8 i(W 207 )j]. 221 ljp, with the axial ration: c: ISOOli, and a strong negative 
double refraction. The crystals w<*re studied by W. Muthniann, and F. Zambonini. 
The salt loses 1'9 mols of water at 105°. G, WyroubolT also made dilitMum 
silicododecatungstate, Li 20 .Si() 2 . 12 W 03 . 2 tH. 20 , or Li. 2 HolSi{W 207 ),|. 21 H 20 , from 
a mixture of 20 ,gri)is. of* the previoii* hydrate, and 10 grins, of silicjtungslie 
acid. • 

,1. V. G. de .Marigmie prejiared noriiud ‘octospdiom siMcododecat^gstate, 
4 Na 20 .,SiU 2 . 12 W 03 . 7 H 20 , or Nujj[Si(W2G7)(!l-7H.2(), liy boiliiift’anid sodium tung¬ 
state with water and gelatinous silica. The liquid, on evaporation, furnishe^icedle- 
like crystals; UK) parts of the .salt dried at 1<X)° have the eomjiosition just indicated, 
and K'k) parts of water at 19° dissolve 476'2 parts of the salt, and {he soln. has a 
sp. gr. 3 05. By treating this salt witli hydroehlorie acid at dillercnt temp., af'id 
salts are produced ; with an excess of hydrochloric acid, and at 40°-50", tricliiiic 
pinacoidal crystals of heniihydrail'd tetiasodium difiydrosilicododecatungstate, 
2 Na.. 0 ' 2 ll 20 .Si 02 .l 2 W 03 . 1 in 2 (),orNa 4 H 4 LSi(W 2 O 7 ) 8 j.llH 20 ,arc)iroduced, The 
taliular crystals have the. axiai ratios a: h: e- I '0932 : 1 : 0’9I02, and a 88" .52' ; • 
/3- ^9.5° 18'; and y -86“ 37'. The crystals are strongly doubly refracting ; stable 
ill air; they lose 7 mols of water at 100"; and expel 11 mols of carbon dioxide from 
fused carlainate. The hydrochloric acid soln. at. 35“, fiirnishea the, dodecahydraird 
salt ill triclimc jiinacoidal crystals with axial ratios u : h : c= 1'6083 : 1 ; 0f)642, 
and a---^90‘' 52', (3-^95° 22', and y, 83° 34'. The iloiible refraction is negative. 
The cry.stals arc stable in air. 'They lose 9 nnds of water at 105". The dehydrated 
salt dissolves coni^iletoly in water. At mdinary tern])., the hydrochloric acid soln. 
furnishes the octodecahydralcd sail which occurs ii»dimorphous, triclinic, pinacoidal 
crystals, with a strong double refractmn. The a-sall BaS the, axial ratios and 
angles a:h: c il-0320:1 ; 0-9092, and a . 91° 2'; ,^=93° 32'; and y= 88° 21', 
while the j8-saft has a : b: c=0-80.50:1 :d-122l, and o—93° 14'; ^-=^10.'!° 39'; and 
y=88° 3'. Bath forms effloresce rajiidly in a4r. ’Diiring the evaporation of the 
aq. soln., crystals of the henahydrate first iCtipcar, then crystals of the ^-snlt, 
anif finally crystals of the a-salt, for the metastable ^^al^ passes into the a-form. 
Both x%rictics of the octodecahydrate rapidly pass into the henahydrate. At 11X1°, 
dhe octodecahydrate loses 14 mols of water, and at a red heat*all the water is lost. 
When fused with sodium carbonate, 11 mols of carbon dioifidc are given off. 

If a soln. of the octodeCahydrifte be treated with julphuric acid,'or with silico- 
tungstic acid, and evaporated,at 25°-30°, J. C. (4. de Marignac,and C. Wyroiibofl 
found that crystals of disodium hexahydio-suicododecatungstatg, Na^O.AHjO. 
Si 0 o.l 2 W 03 . 14 H 20 , or Na2H,[Si(W2Cr7),].14il20> fprnied in posi|ivc, doubly- 
refracting, triclinic liinacoids with a»ial ratios 0 : h : c=l'0748:1 ; 0-9521, and 
0=89° 6 ', j3=95° 50', and y=85° 17'. Whenfthc aq. soln. is evaporated, silico- 
tungstic acid is firs^ formed, and the conc.,mother liqeiJl deposits crystals of the 
original salt. J. C. Gf. de Marignac, and <1. Wyrouboff obtained triclinic crystals oA 
sodium nitratosilicododecatungltate, 4NaN03.3(2Na20.2H20.Si02.12W()3.13H20), 
with axial ratios 0 : 6 : c—1T)057 ; 1:0 8642, and a=89° 35', ^=90" 20', and 
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y—dl” 6'. The mixed cryAab loseiSO mob of water at 100°, and drive 31 mob of 
carbon dioxide from fjwed »odii;m carbonate. 

J. C. 6 . dc Mariguac prepared the normal salt octopotassiam siliiiododeca* 
tungstate, 4K20.Si02.12W(J3.14H20, or K 4 H 4 [Si(W 207 y.l 2 H 20 , which F. Kehr- 
mann repreaented by the fdrmub 7 K 2 O. 2 SiO 2 . 26 WO 3 .nH 2 ©. It was obtained by 
boilihg a soin. of acid potassium tungstate with gelatinous silicic acid, until a few 
drops of hydrochloric acid produced no turbidity. On cooling, a crust of crystab 
appeared, and the salt was purified recrystallization from water. '' It b also 
obtained by treating the acid salt with potassipm carbonate. The, imperfectly 
formed* crystals appear to be cubic, but they are doubly refracting. The salt 
loses 4 mob of water at 100°; and drives 9 mob of carbon dioxide from fused 
sodium carbonatf., lOO parts of water at 18° dissolve 10 parts of the salt, and at 
100°, 33’3 parts of salt. Three acuhsalts have been reported. J. C. G. de M wignac 
made tripotassium penlahydio*jtlicododecatungst 8 te, 3 K 20 . 5 H. 20 . 2 (Si 02 . 12 W 03 ). 
25 H 2 O, say, K 3 ll 6 LSi(W 207 ) 8 ]. 12 H 20 , by concentrating ana cooling a soln. of the 
* tetrapotassium salt with an excess of sulphuric acid ; the first crop of crystab is 
an acid silicotungstate, thjs second crop is mainly hexagonal crystals of the tetra- 
potassiutn salt, and the moth((r liquid furlibhes monocKnic priaips of the tripotas¬ 
sium salt. G. Wyrouboil crystallized the salt from the sulphuric acid soln. between 
30° and 40°. The axial ratios of trioi -rystab are a://: c ~1'2148 :1:0-8499, and 
^=102° 16'. Tke (tuuble refraction is negative. The (irystals are stable in air; 
lose 27 enols of water at 100°; and give 23 mob of carbon dio.xide when fused with 
sodium carbonate. The salt is decomposed by water so that the concentration 
of the aq. soln. first gives crystab of the tetrapotassium salt, then crystab of the 
tripotassium salt, and finally rhombohedral crystab of silicotungstic acid con¬ 
taminated with potassium. E. 0. North and 0. D. Beal analyzed potassium 
silicododecatungstate. 

G. Wyrouboff obtained rectangular plates of tetrapotassium tetrahydro-silico- 
< dodecatungstate, 2K20.2H20.Si()2.12W03.13H20, or K4H4lSi(W207)e].13H20, by 
evaporation of the soln. acidified with nitric acid at a temp, exceeding 30°, or at 
ordinary temp, in the presence of cone, nitric acid. The monoclinic prisms have 
axial ratios a: 6: c--=l-4715 :1; 1-9939, and ^--102° 54'. The double refraction 
is feebly negative. If the normal octopotassiiim salt is treated with hydrochloric 
acid, and the soln. evaporated, J. C. G. dc Mariguac found that colourless hexagonal 
crystab of the octodeaihydmk, 2 K 20 . 2 Il 20 .Si 02 . 12 W 03 . 16 H 20 , are formed, with 
the axial ratio a: c=l; 0-8585. G. Wyroubolf, and C. Soret noted the crystab 
exhibit circuleK- polarization. Mi'4“ with the Z)-line. The erystab effloresce on 
exposure to air, and lose*-!! mob of water at 106°. All the water can be expelled 
at higher temp., and the deh 3 (drated salt dissolves readily in Water With molten 
sodium carbonate, 11 mob of carbon dioedde are given off. 100 parts of water 
at 20° dissolve 33-3 parts of palt. £. C. G. de Marignac abo prepared two varieties 
of the hydrate 2 K 20 . 2 H 20 .Si 02 . 1 ' 2 W 03 . 7 H 20 . It is not clear if the alleged 
varieties contain the sa;ne .^quantities of water of crystallization. The rhombic 
bipyiamids have axial ratios a:b: c=0-8243:1; 1-3311. The one form odcurs in 
short thick prisms, the other" in six-sided plates. Both varieties lose aboufi? mob 
of water at 100 °; --and about 11 mob of carbon dioxide are given off when fused 
with sodium carbonate. Both forms are very soluble in hot water, and less so in 
cold water. According to H. Copaux, when heated "with water in a sealed tube 
at 150°, an bonieric derivative of Si 02 . 12 W 03 . 32 H 20 is formed. 

B. Godeffrby made normal octombidinlu i^cododecatungstate, 4 Bb 20 .Si 02 . 
12 W 03 .nH 2 (), or Bbg[ 8 i(W. 207 b].nH 20 , as a white precipitate by adding rubidium 
chloride to a soln. of the acid. Crystab are obtained by evaporating the aq. 
soln. 100 parts of water- at 20° dissolve about 0 67 part of the salt," and at 
.100°, about 5 parts of the salt; it dissolves sparingly in acidulated water, and 
readily in ammoniacal water. It b not soluble hn alcohol. G. Wyrouboff abo 
madi the normal salt and an acid salt— 2 B 6 OH. 8 iOt.i 2 WOs. 6 H 2 O, and 
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3 Rbj 0 .Hj 0 . 2 ( 8 i 0 j.l 2 'W 03 ). 22 H 20 . By mixyig a r»ol of silicododccatungstic 
acid with 2 mok of rubidium carbonate, he obtained a yrhite gelatinous precipitate 
which WE« washed by decantation, and drieu in Sir. The white powder has the 
composition trirebidinm hydrosilicododec 8 tungst 8 te,m 20 .H 20 . 2 (Si 02 .I 2 WO,). 
22H20, say. Rb3H5[Si|(W202k].9M20; >*• loses 15 mok of water at 105°. When 
treated with nitric acid, and •trashed with water, FI furnishes diiubidiiun ilico- 
dodecatnngstate, Rb 2 O.H 2 O.SiO 2 .i 2 VVO 3 . 5 H 2 O, or Rbj 54 [Si(W 20 ,),]. 4 H 20 , 
which lose# 5 mols of water at 105°. R. {Meffroy also made nctneamrinm siliCO* 
dodecatongstate, 40 s 20 .Si 02 . 12 VV 03 .nH.,(f or C 8 iH 4 [Si(W 207 ),].fiH 20 , like the 
correspondiBg rubidium salt. 100 parts.of water at 20° dissolve o'oab^art of 
the white crystalline powder ^and about 0 5 ])art at 100°. It is not soluble in alcohol 
or acidulated water, but it dissolves in ammoniaeal water. 

G. WyrouboS prepared crystals of cupric silicodoilecatniiytate, 2Cuf).Si{)j. 
I 2 WO 3 . 29 H 2 O, or Cu2H4[Si(W20j)3].27H2t) f rh#nibohedral crystals of 
2Cu0.Si02.12VV03.27Ip20 with a:e--l ;2 fi7bl), which are stable^ below 10°; 
between 10° and 40° the pcntacosihydrate is formed ; and over 40°, the tetradeea- 
hydrate. The crystals of the dodecahydrate are isomorphous with the corresponding 
strontium salt, and have tlip axial ratios n: h :c- 1-4002 fl: 10283, andy=84“14'. 
The crystak werd sfbdied by VV. Miithmann, and F, Zambonini. J. 1.1. fl, de 
Marignac made octosilvcr silicododecsh^Jgstatc, 4 .A^ 20 .SiP 2 . 12 W 03 . 3 H 20 , or 
Ag8l^*(''^2G7)8j.3H20, as a pale yellow precipitate, ty treating's^ aq. solh. of the 
ammonium salt with silver nitrate. It loses its water below a red huat and 
becomes dark violet. The salt decomposes at a bright red heat. It is not ])er- 
ccptibly soluble in cold water. The wash-water is opalescent, and it clears on 
boiling. J. 0. de Marignac prepared tetrasilvci tctrahydrbsilicododMa- 
tungstete, 2 Ag 20 . 2 H 20 .Si 02 . 12 W' 03 . 7 H 20 , or Ag 4 ll 4 [Si(W. 207 )«]. 7 H 20 , by 
evaporating a soln. of silver carbonate in the dil. arid. The salt is sparingly 
soluble in water, but .soluble in dil. nitrie acid ; hydrochloric acid gives a jirecijiitatc 
of silver chloride, (1. Wyroiibofl found the salt to lose 4 mols of water at 1t)5°. « 

.1. (,'. G. de Marignac obtained ill-defined erystnla of normal calcium silico- 
dodecatungstate by dissolving calcium carbonate in the warm acid. Three 
hydrates of the acid salt of calcium tctrahydrosilicododecatungstole, 
2 Ga 0 . 2 H 2 G.Si().,, 12 \V 03 .«H., 0 , have been obtained by crystallization from a cone, 
soln, of calcium carbonate in hydrosilieotungstic acid, G, WyroubofI obtained 
the hexadecahydra#, 2t’aO,Si()2.12WO,,,1811,20, or (’a2ll4[Si(\V207)g],16H20, at 
30° from soln, strsngly acidified with nitrie acid. The six-sided jdates are trielinic 
with axial ratios a: A: e=l-J228 :1 : , ilnd a--=(J7° 40', 9f)° 30'^and y --81° 6'. 

The crystals were studied by VV'.»Muthpiann, and F. Zarnhonini. The salt loses 
10 mols of water aUl05°. 'fhe doco.sihydrate was ^btained at 45° or at ordinary 
temp, from solfi. acidified with nitric a^id". The trigonal crystals have the axial 
ratio 0 : c=l : ^'2523, and a---89° 8'. J. (,’, (i«’do Marignac sajd that this salt is 
isomorphous with rhotnbohedral silicododeeirfungsti? acid and with the corre¬ 
sponding barium salt; it loses 16 mols of water at 1(KI° ; and drives 11 mok of 
carborigdioxide from molten sodium carbonate, ’t'he'salt loses 17 mok of water 
at 105°. The pentacosihydrate forms trigonal crystak with ft :c =1: 2-6419, and 
0=56° 42'. It lo.sea 19 mok of water at 105°. ,1. C. G. de Marignac made triclinic 
crystak of the icosihydrale, Ca 2 H 4 [Si(W 207 ) 3 l. 20 HjO, which became moist, but did 
not deliquesce, in air. The prismatic*crystak Had the axial ratios a:b:c 
=0-4461 :1 :0-5121, and o--=86° 52', ^=119° 38*, and 7=96° 2'. The salt is very 
soluble in water; it loses 13 mok of waiter a^ 100°; and expels 11 ftiok of carbon 
dioxide from fused sodium carbonate. Trielinic crystak of another 8alt,*thc composi-* 
tion of which k doubtful, but approximate! to^Ca0.3H20.2(Si02.12W08).47H20, 
had axial ratios o': 5: c=0-5917 :1:0-8627, and 0=401° 6', ii=102° 34', and 
y=99° 24'. It lost 36 mok of water at 14)0*. • 

G. Wyrouboff obtained what See presumably mixed crystals of ealelum Dltratoillle#- 
4e4tmtnDptat«,Ca(NO4),.2CaO.%iO,.]2W0,.ISH,O, with calcium nitrate by cry stalUi^ion 
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at 30° from soln. strongly acjdified with nitric acid. The monoclinic prisms have axis! 
ratios o : 5 : c=0’9036 : 1: I 1820, and*B=!94° 62'. The mixed salt loses 8 mols of water 
at 105°, and all at 250<. Hs alse obfeined a triclinic tridecahydrate. Both salts are 
decomposed by water. . ‘ 

Q. Wyrouboff prepareej four hydrates of ^jtronfiuni ^trahydrosilicododeca- 
tongstate, 28 rO. 2 H 2 O.SiO 2 .i 2 WO 3 .nHjO, from soln of strontium carbonate in the 
silicododecatungstate.' The tetradccahydrate separates from aq. soln. over 50°. 
The monoclinic crystals are isomorphous with those of the barium salt., They lose 
9 mols of water at 105°. A nitric ac^l soln. at 30° deposits first the henicosihy- 
drate and then a pentadecahydratc. The latter forms monoclinic si-xTsided plates 
with axial ratios a:h: c=l'^l: 1 : r0058, and /3=96° 46'. The double refrac¬ 
tion is negative. They lose 10 mols of water at 105°.' The hcnicosihydrate forms 
triclinib six-sided'prisms with axial ratios a:b: c=10212:1; 0'5947, and a=92° 46', 
j8—91° 16', and y=95° J 8 '. Thb crystals rapidly become turbid on efJposnre 
to air, without loss of weight. They lose water at 105°. 'The hcnicosihydrate is 
, stable between 30° and 40°; the pentadecahydratc between 40° and 60°; and 
the tetradecahydrate, over 50°. 'fhe pentacosiliydrate is formed below 30° in 
efflorescing trigonal crystals with a: c—\ : 2-5933, and a=^T 30'. The crystals 
were studied by W. Mnthraann, and F. Zarabonini. They-have a feeble double 
refraction. The crystals lose 19 .rnols of water at 105°. G. Wyrouboff also 
suspected that a doqosihydratt; can bd jirodueed. 

J. C. G. dc Marignac made barium silicododecatungstate, 4 Ba 0 .Si 02 . 12 W 03 . 
27ILO, by adding baryta-water to hydro-silicododecatungstic acid, Si 02 . 12 W 03 . 
24 H 2 O, until more than 2 mols of barium hydroxide have been added. 'The pro¬ 
duct forms a -sticky mass, almost insoluble in cold water, and sparingly soluble in 
hot. When the Ijpt soln. is cooled, it redeposits a viseiil mass. If kejit for many 
days in contact with cold water, or for a short time in contact with hot water, 
a white powder is formed which loses 19 mols of water at ]CK)°, and drives 9 mols 
of carbon dioxide from fused sodium carbonate. According to J. C. G. dc Marignac, 
when an excess of barium chloride is poured into the aq. acid, a sticky mass is 
precipitated which dries in air to a hard glass of barium silicododecatungstate, 
4Ba().8iO2.10WO;).221l2O. It loses 15 mols of water at 100°. If barium carbonate 
be dissolved in an aq. soln. of tlie acid until a ])rceipitate of normal barium silico- 
tungstate begins to appear, on evaporation, and cooling, the, filtered soln, furnishes 
prismatic crystals of dodecahydrated barium tetr^drosficododecatungstate, 
2 BuO. 2 H 2 O.SiO 2 .12 WO 3 .1 2 II 2 O. G. Wyrouboff regards this as the normal salt, and 
ho obtained it by evaporating the sok. above 30°. According to J. C. G. dc 
Marignac, the'monocljnip prisiiis have the axial-ratios a:h'. c=l'7987 :1:1-6440, 
and j3 G03° 63'. The crystals were studiefl by W. Muthmanp, and P. Zambonini. 
'The crystals are isomorphous tcith the strontium salt, and exhibit a strongly negative 
double refraction. The salt lopes 8 mols of 'water at 100°, and drives 11 mols of 
carbon dioxide from fused sodium ciybonate. If the tetradccahydrate, 2 Ba 0 . 2 H 20 . 
8 i 0 j.l 2 W 03 . 14 H 20 , be allowed to stand in contact with its mother liquor, rhoribo- 
hedral crj'stals of the decosihydrate appear. The axial ratio o: c=l: 1 '3407, and 
o-' 86 ° 26'. The crystals have a strongly negative double refraction ; they 
gradually effloresce in air; and lose 16 mols of water at 100°. H. Copaux said that 
100 parts of cpld water dissolve 70 parts of the yalt; and G. Wyrouboff that at 
16°, 100 parts of water dissolvtfgS parts of the salt. He’studied the isomorphism 
of barium silicododecatungstate and silicododecamoly'bdatc. 

Q. Wyroubon evaporated a mixed sofu. of tite barium and potassium salts and obtained 
-monoolinie [irismB of what he regarded as bSilum potassloffl siliOOdodseatUDgState, 
K,0.Ba0.8iO,.12WO,.17H,0. The axial ratios are o: 6 : c=0'6471:1 :0'6068, and 
|9»'98° 45', and the orystefs have a positive double refraction. The crystals are stable 
in air and lose 14 mols of Water at 105°. Rhombic crystals of barium sodium silico- 
rdodeoatungstate, No,O.BaO,SiO,.12WO,.28H,0, were prepared by adding barium chloride 
to a liot soln. of tlie acid so^um salt, and cooliag. The axial ratios are a:b:c 
,=0'f551:1: 0-9833. If barium nitrate be used in place, of the chloride, triclinic crystals 



•SILICON 


879 


oontaiiung barium nitrata are formed, and these decompose when treated with water. 
Barium sodium ailicododecatungstate loses 21 mold of water at 10U°, and drives 9 mols of 
carbon dioxide from fused sodium carbouah'. Lo^ washing witl| water extracts sodium 
silioododerAtungstate ^d leaves the normal barium salt beMnd; this, with hydrochloric 
acid, forms barium tetrohydrosilicododecatungstate, * 

G. Wyrouboff prepared trigwial crystals of heptseosiliydrated beiylliom silioo- 
dodecatangstate, 2BoO.Si02.12\V03.29H20, or Be2H4[Si(W207),].27H20, by 
evaporating a soln. of berylUa in the acidSi02.12W03.321I*ft over 15’, or at 30° 
in the presence of nitric acid. The axial latio is a : e~l : 2’4282, and a-57° 56'. 
The crystals lose 10’44 per ceift. of water at 105°. Octahedral crystal* of the 
onnescosihydrate arc deposited if the soln. be evaporated below 45°. The crystals 
are singly refractivis, and they belong to the cubic sy.stem. They lose 11'51 per cent, 
of water at 105°. G. Wyrouboff also reported cryatalsof lBe0.3(SiOS. 1 2 W 03 ).fl 5 H 20 , 
by eviporating the nitric acid soln. at 30“*. t The ,cry8tals were studied by 
W. Muthmann, and F.^^anibonini. The doubly refracting crystals do not ciBoresco 
in air although they become superlicially matt; they lose water at 101?°. .1. ('. G. do 
Marignac made normal magnesium siUcododecatungstate in a manner similar to 
that for the corre.sponding^calcium salt.. The crystals Were studied by W. Muth- 
inann, and F. ZarilhoTiini. J. ('. (1. de Marignac. and G. M'yroubolf also itiade acid 
salts, magnesium tetrahydrosilicododecatunKtate, 2 Mgy. 21 l 20 .Si() 2 . 12 WO 3 .nH 2 O, 
with n--d() and 25. 'I'ho hexadecahydrat* i.s obthiiu'd by.sonc. of a* soln. of 
magnesia in the acid. It forms triclinic crystals with axial ratios « : 5; c 
- 0'4062:1 :0'3y59. and a - 86° .50', ^3- 90° 2.T, and y - !)0° 10'. 'The double 
refraction is strongly negative. The crystals ilo not etlloresce in air; they lose 
10 mols of water at 100°; and drive 13 mols of carbon dioxide front fused sodijim 
carbonate. The pentacosihydrale is formed under 20°; and ilje trigonal crystals 
have the axial ratio a: c- 1 :2'6600, and a--.50° 44'. The crystals have a 
negative double refraction ; they do not effloresce in air. 

0. WyroubotT prepared zinc silicododecatungstate,2Znt) Si()2.12W();|.rtll2(), or^ 
Zn 2 H 4 [,Si(V\' 2 () 7 )eJ.(ii— 2 )H. 20 , by evaporating a soln. of zinc oxide in silicododeea- 
tiingstic arid. If ery.stallization oceans above 25", tbe liexadecabydrate a|ipears ; 
it between atm. temp, and 25’, tbe pentacosihydruti'; and if about 10", the 
heptacosihydrate. The hexadeeahydrate occurs in triclinic prisms with axial ratios 
« : 6 :c -0'4034 : 1 :0'.3911, and a-=80° O', ^=91° 20', and y-=91° 5'. At 105°, 
10 mols of water ai% evolved. The pentacosihyilrate forms trigonal crystals with 
the axial ratio a: c--l : 6279 and a“50° 64'. 'The crystals were studied 
bv W. Muthmann, and F. Zamhbiiini. Tho salt^loses 21 mols of water at 105°. 
The heptacosihydrate forms basic rhondadiedra, ^nd l^e^ 21 mols of water at 
105°. .\ll the hydrates elllore.sce readily on exposure to air. G. Wyrouboff 
likewise prepared cadmium silicododecatang3tate,*2CdO..Si02.12W()3.23H20, or 
<°d 2 ll 4 [Si(W 20 ^)(] 2 IH 2 O, by evaporatinu a so^M. jf cadmium oxide in the hydro- 
silicododeeatungstic acid acidified with nitric^cid. The triclinic prisms have the 
axilil ratios and angles 0 : 6 : c=0'3'784 : 1 :0 .3207, and a-88" 7', P -96" 9', and 
y-i89* 31'. The crystals were studied by W. Mutttmiftm,*and F. Zambonini. The 
salt does not elBorescc on exposure to air; but it loses 15 mols of water at 100°. The 
‘pentacosihydrate is obtained by evaporating the soln., free from nitric acid, below 
35°. The efflorescent tjigonal crystals have the axial ratio a: c= 5 =l: 2'6123, and 
0=67° 10'. They lose 20 ipols of wateivat 105°.* df the aq. soln. be evaporated 
with a large excess of nitric acid at 35"-40'*, basic prisms, probably triclinic, 
of 4Cd0.3(Si02.12W08).44H20, are /ormed. Thev lose 22 moK of water at 
105°. • * ' ' 

J. C. G. de MaHgnac, and G. Wyreubijff prepared rhomboidal plates of 
pentahydrated meicnroas silioododeoainngstate, 4 ^gj 0 .Si 02 .\; 2 W 03 . 6 H 20 , by 
adding mercurous nitrate to a soln. of .the acid Si 02 . 12 W 03 . 33 H 20 . The salt 
becomes anhydrous at 100°. (». W'yrouooff said that if the mercurous salt is pre¬ 
cipitated at a very low temp», a higher hydrate is obtained. The pentahydiate is 
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imioluble in dil. nitric acid, but it^dissolves slowly in the cone, acid, forming the 
acid mercuric salt. The phydroi^ salt is insoluble in water, sparingly soluble 
in dil. nitric acid, and is decomposed by hydrochloric acid, forming ‘mercurous 
chloride and silicododecatungstic acid. When fused with sodium carbonate, 
about 13 mols of carbon dioxido are evolved, e < t 

8. Wyrouboif made nftrcuric silioododecatongstste, 2Hg0.Si02.12W08. 
ISE^O, or Hg2H4[?i(W207)j].13H20, by dissolving 2 raols of mercuric oxide 
in an aq. soln. of kydrosilicotungstK acid, and evaporating at 25^; also by 
the action of cone, nitric acid oR the mercurous salt, and evaporating 
at 25% The crystals forming trioliqic prismrf have the axial ratios a:b:c 
=0’9848:1: l'0191,8nd angles 0=97“ «',i3=94“ 22', andy=90“ 40'. The salt loses 
10 mols of water at 105°, and the remainderat 250“; at a red heat, the mercury is 
volatilized. Thd 4alt is sparingly soluble in water, the aq. soln. decomposes when 
boiled, and precipitates »hat G.'Wyrouboff regarded as a basic salt, but J.'C. G. de 
Marignac wogld regard it as the normal salt: 4 Hg 0 .Si 02 .S‘ 2 W 03 .nH 20 . 

According to J. C. G. d^ Marignac, the evaporation of a soln. of gelatinous 
alumina in hydrosilicododecatungstic acid gives non-deliquescent triclinic crystals 
of aluminium silicododedhtungstate, 2 (Al 203 . 6 H 20 ). 3 (Si 02 . 12 W 03 ). 75 H 20 . The 
axial ratios arc o.: 5: c=l'509:1:1'790, and a=96“ If, ^=121° 57', and 
y=75“ 44'. The crystals lose 51 mob of water at 100°, and drive 39 mols of carbon 
dioxide from fuqf“d*sodium carbonate. G. Wyrouboff prepared triclinic crystals of 
alumiu'um silieododecatungstatc, 2Al2O3.3(SiO2.12WO3).60H2O, by evaporating 
a nitric acid soln. of gefatinous alumina in hydrosilicododecatungstic acid at 35°. 
The axial ratios o; 5: c=0'8563 :1:1'OGSb, and a=8T 44', jS=105° 11', and 
y»=91“ 48'. The crystals are stable in air, and lose 37 mols of water at 105°. If 
the aq. soln. bo eveporated at 35°, or at 18°-2n“ in the presence of nitric acid, trigonal 
crystals of the 81-hydrate ure deposited. The axial ratio is a: c=l: 2-6653, and 
a -=56° 19'. The crystals were studied by W. Muthmann, and F. Zambonini. They 
, effloresce on exposure to air, and lose 60 mols of water at 105°. According to 
J. C. G. de Marignac, if the aq. soln. be evaporated at ordinary temp., the 93-hydr8te 
is formed in regular octahedral crystals which effloresce readily on exposure to 
air. They lose 66 mols of water at lfK)“, and when fused with sodium carbonate 
give off 39 mols of carbon dioxide. If a cold soln. of the higher hydrate be rendered 
turbid by the addition of ammonia, the soln. becomes clear when warmed, and when 
the excess of ammonia has been I'xpelled, the soln. on cooling' deposits octahedral 
crystals of ammonium aluminium silicododecatungstate, 9 (NH 4 ) 20 . 2 Al 203 . 
3 (Si 02 . 12 W 03 l. 75 H 20 . They Iqsc 66 mols of water at 100°, and expel 39 mols 
of carbon dioxide from fused sodium carbonate;’ G. Wyrouboff prepared gallium 
silicododecatungstate, 2Ga203.3(Si02.r2W03) with 60, 87, and 93 H 2 O. The 
60-hydrate has axial ratios a'': b: c--=0-9057 :1:1 1585 and y=74'' 20', and those 
of the 87-hydrate,<i: c=l : 2-6?46, The crystals were studied by W. Muthmann, 
and F. Zambonini. G. Wylouboff. made tlWum silicododecatu^tate, 2 'nOH. 
8i02 I2WO3.9H2O. He also prepared norntal 26-hydrated cerium, lanthanum, 
and pnueodymium sUiGodilde^tungstates, with the general formula 2 M 0 .Si 02 . 
I 2 WO 3 . 26 H 2 O. These salts arc isomorphous with the hydrated calcium and 
strontium silioododecatungstates. The acid salts 3M(0H)2.2(Si02.12W03).36H20 
were also prepared. He also made normal 26' and 27-hydr8ted neodymium, 
samarium, and gadolinium'rilicododecatnngstatea with the general formula 
2 MO.Si 02 . 12 W 08 . 26 H 20 , and '2M0.8i02.12W03.27H20, or M 04 ( 8 iW, 2043 ) 3 . 
8 IH 2 O, and in addition 30-hydrete^ gadolinium salt 2GdO.8iO2.12WO3.30H2O, 
taa well as the acid salt 3M(0H2).2(8i02.1'2H20).36H20. The 26-hydrated 
yttrium, terbium, and ytterbium rilicOdodecatungstates with the general formula 
2 M 0 . 8 i 02 . 12 WQ 3 . 26 H 20 ‘, .and the corresponding acid salts 3 M{ 0 H) 2 . 2 (Si 02 . 
J 2 W 03 ). 49 H 20 , and acid erbium silicododecatungstate, 3 Ery 0 H) 2 . 2 { 8 i 02 . 12 W 03 ) 
with 49 and 51H20, were also made. The crystals were studied by W. Muthmann, 
and-’F. Zambonini. G. Wyrouboff prepared two thuium silicododeoatnngstaiM, 
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2Th0.Si0j.l2W08with 27 and SOHjO.and the acid salt 2 Th 0 . 4 Hs. 0 . 2 (Si 0 j, 12 W 03 ). 
IhHjO. The crystals were studied by W. Mutimann, and F. &nibonini. 

G. Wy|pubofi dissolved chromic oxide in a fcln. ef the acidSi04.12W08.3;)Ilj0, 
and obtained' three hydrates of cbiominm silicododecatnngstate, 2 (!r808. 
3 (Si02.12W0s).nH20. the cryjtahization occurs at 30“ from soln. containing 
nitric acid, monoclinic prisms o| the 60-hydrate arc oldaincd with axial ratios a .J> :c 
=0'8658:1:1'0798, and ^=106° 16'. The crystals were studied by W. Muthmann, 
and F. Zan^onini. The crystals are stable in air, and lose waWr at 105“. Trigonal 
crystab of the 87-hydrate separate at 2!t/ The axial ratio b o : c--1: 2'6354, 
and a=56“ §9'; thg crystab haire a negative double refraction, and lose t^) mob 
of water at 105°. If the crystallization'occurs below 20“, octahedral, singly 
refracting crystab of the 98-hydrate^ are formed; they lose 66 mob of water 
at 105“. According to G. IVyroubOff, if uraiiyl nitrate be adik'd to a sclii. of 
silicododecatungstic acid, and the soln. he evajeruted to djivc otf the nitric acid, 
a yellow mass of isotrojic octahedral crystals is formed, tjuite a number of more or 
less ill-defined uranium silicododecatungstates were reported to U: formed by 
varying the proportions of acid to base. Thus,'with the mol. ratio IH);,: 
(Si 02 . 1 ‘ 2 W 03 ):H 20 , G.Wyrouboff obtained 6 : 3:91; r):«5:90 ; 3:3 : 88; 2 : 3:87; 
5 : 9 : 264 ; 3:6:d7'k; 4:’9:267; us well as a number of others whusc com¬ 
position was not determined. G. Wyroubo/f prepared crj'stals of lead silf- 
cododecatungstate, 2 Pb 0 .Si 0 . 2 . 12 W 03 . 21 M., 0 , witfi axli^l ratios,«:i:c 
^1'7963:1: 1T203 and y=8i“35'; as well as crystab of irb 0 .fti 0 J. 12 W 03 . 2 ()H 20 . 
G. WyroubolT prepared rhombohcdral crystalsof manganesesilicododecatuillistate, 
2 Mn0.Si02.12W03.27H20, with axial ratios a : c=l : 2’6.549, and crystals of the 
18-hydrato with axial ratios a:b: c-- 0'4018 ; 1:01088. The crystab were studied 
by W. Muthmann, and F. Zambonini. Similarly, 18- and 27-hydrated cobalt 
silicododecatungstates with axial ratios respectively q:b:c - rtl067 : 1; 0 1055, 
and rt:c^ 1:2-6760; and of 18- and 27-hydrated nickel silicododecatungstates, with 
n : 5: c -. 0-10151:1:0-1166, and a : c = l : 2 6392, were obtained. The crystals 
of the cobalt and nickel salts were studied by W. Muthmann, and F. Zambonini. 
G. Wyronboff made ydlow crystals of ferric silicododecatungstate, 2 Fe20j. 
SfSiOj.FiWOaj.it'JILO, and of 2Fe.203.3(Si02.I2W03).60H20, with axial ratios 
a:b : c —0-8165 : 1 : 1 -0897, and 20'. 

J. G. G. de Marignac prepared what he regarded as octobasic heptahydio* 
silicodecatungstic acid, Si 02 .l 0 \V 03 . 7 H 2 (), or (SiO 2 . 1 H./)).l 0 W() 3 .;iH 2 O, i.e. 
H 8 >SiWjo 02 j. 3 H 20 , by treating the mercurous salt with hydrochloric acid. The 
aq. soln. should be evaporated in vacuo iisthe cold. H. Copanx also pre|)ared the 
acid by treating the ammotlium ^alt with ethe^Snd 8 ul]imiric ariil. The acid 
obtained by the evajipration of the aq. solli. is a clear glass^’ith a faint yellow tinge. 
It docs not change when heated to 1 (K)”, but it cratks and crazes when exjiosed 
to air, probably owing to the absorpliofi of mobture. When fused with sodium 
carbonate, 11 tflols of carbon dioxide are givcn*of[. The acid if soluble in water, 
and*gelatinous silica sometimes separates froTn the soln. on evaporation. The 
aq. solp. is not rendered turbid when salts of»baiiut», calcium, magnesium, 
aluminium, or lead arc added; silver nitrate gives a yellow precipitate insoluble 
ih watcl, and easily soluble in nitric acid ; and mercurous nitrate gives a similar 
precipitate slightly soluble in nitric acid. Salts other than th*e ammonium salt 
have not been obtained of a high degree of purity, but are usually conJaminated with 
salts of the silicododecatungsne acids. J. 0. G. df Marignlc believed that the acid 
forms two series of salts—one with tyo and the other with fourltiols of base. 
A, Pinagel could not prejiare sdicoiftneatungitic acid, 8 i@ 2 - 9 W 03 .flH 20 . 

J. C. G. de Mari^ac prepared nArmaJ octammouium dlicodmtuugitate,* 
4 (NH 4 ) 20 .Si 02 . 10 WP 3 . 8 H 20 , or (NHiljSiWiofJas.SHjO, sor (NH^,[ 8 i(W 207 )e 0 J. 
8 H 2 O, by boiling a ^n. of ammonium hvdsotungstate with gelatinous silica, and 
evaporating the filtered soln.—^e salt cl-ystallizcs out on cooling. H. Copaux* 
made it by boiling a soln. of ^licododecatungstic acid with an excess of ammqpia, 
VOL. VI., 3 I. 
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until the eilica first precipitated has nearly all dissolved. The strongly ammoniacal 
li<iuid is filtered and allowed to cot)l when rhombic bipyramidal prisms separate. 
The crystals have axial ratios.o : b{ c--0'5890 :1:0'4774. At 100°, tjie crystals 
lose 2’63 mols of water. Aecording to J. C. G. de Marignae, 100 parts of water 
at 18° dissolve 22 2 parts of the salt, hot watcr^ dissolves much more. The sola, 
is neutral; loses ammonia wh^sn boiled ; and deposj,t8 sihed when boiled for a long 
time or when treated with an acid. The warm soln. takes up calcium carbonate or 
gelatinous alumina Without depositing silica, but some ammonia is giyen off, and 
when the soln. is cone, it forms a stit\v mass, which congeals to a cleat colourless 
glass. ,J. C. G. de Marignae, and A. Cinagel ajso made hKEammcmum sUico- 
decatungstate, 3 (NH 4 j 20 .Si 02 . 10 W 03 .’ 10 H 20 —the former, by boiling a soln. 
of the normal salt for a long time, and adding water'trom time to time to replace 
that kist by ev^ioration. The monoclihii; prisms have axial ratios a:b:c 
—0’688 :1: - and -J114° 48'. At 100°, the salt loses 8mols of water. .A soln. 
of potassium carbonate ‘in silicodecatungatic acid fun^shed potassium silico- 
, (f(!c«(ttn^stote,‘4K20.Si02.10VV03.17H20; or else, according to K. Kehrinann, 
K 7 [Si(\V. 207 )r, 0 H].llH. 20 . J. C. G. de Marignae did not succcwl in making a 
definite sodium silKodecatmijslatf,; by treating a mol of the acid with 2 or 4 mols 
of 8odiu<n carbonate, the soln. fiirni.shcfl a gum-like'mas.<i, A soln. of caleitim 
carbonate in silicod(*catHng8tic acid gives on (evaporation a gum-like mass, calcium 
silicodtcelutKjsialR. bj. Wyrottbod obtained an amorphous precipitate of barium 
silicodccalunyslafi;, 4'BaO.8iO2.10WO;j 22 II 2 O, by adding a barium salt to a soln. of 
sodiunl silicodecatungstete. According to J. C. G. dc Marignae, when silico- 
decatungstic acid is mixed with four mols of potassium carbonate, and evaporated 
at a suitable Aemp., the first crop coivdsts of the normal .silicodecatungstate, then 
needles of what is regarded as a mixed salt, and finally rhombohedral plates of 
heptadecahydratiid octopojassium silicodecatungstate, 4K2().SiO2.10WO3.17H2O. 
When fused with sodium carbonate, 7 mols of carbon dioxide are evolved. 
(!. Friedheim and W. If. Henderson also made the tetracosihydrate. J. G. G. do 
' Marignae found that if an aq. soln. of the acid be mi.xed with two mols of 
potassium carbonate, the first crop of crystals is a mixture of silicodecatung- 
states, and the final crop is mainly tetrapotassium tetiahydro-silicodecatungstate, 
2K2O.2H2O.SiO2.10VVO;).81l2O. The crystals lose 7 mols of water at 100°; and 
when fused with sodium carbonate, 9 mols of carbon dioxide are given olf. 

A series of potassium salts of wlute silieohenatungstic acid interfnediftto between silieo- 
deca- and silicododoca-tungstic acid were obtained by J. V. U. de Alongnae. i' or example, 
tetradeeahydratod octopotasslum sUicohenatlTlgstate, tKjO.SiOj.UWOs.ltHjO, crystallizes 
in rhombie bipyramidid needles will; axial ratios a ; 6 : c=0 3875; 1: U 4123. It loses 8 mols 
of water at lOO”, and wl.ei. fused with sodium carbonate, expels 8 mols of carbon dioxide. 
A. I’inagol made a IS-liydrate by passing steam into water witli potassium paratungstate, 
3K,0.7W0j.8ll,0, in susiamsibn and gAidually adding gelatinous silieio acid. When 
bydrochloric acid produces no turb'dity the'filtsred soln. is evaporated for crystalliza¬ 
tion. J. C. G. bo Marigtvw 'prepared tetrapotassium tetrahydrosi'icohenatungstate, 
2K,O.2H.O.SiO,.llWO,.10H,O. Thf yellowish tnclinic pinacoidal crystals have axial 
ratios o: ii: c=l-810: 1: 1-709, and 0=96“ 31',■'^=123° 38', and y=99° 38'. It Itises 
8 mols of water at 100“ and wllen ffised with sodium carbonate it gives off 10 mols of carbon 
dioxide. . 

( 

0. Kallaunor 'and J. Hruda studied the fusibility of binary mixtures of 
uranium oxido’and clay. L. Hourgeois fjtilcd to make a uranium silicate by heating 
mixtures of uranium o-fide aml'isilica. A. Borntriiger mixed a soln. of a uranyl 
salt (1:10) with an equal vol. of a dil. soln. of water-glass of sp. gr. 1'38, and obtained 
a crystalline precipitate ■ of uranyl silicate,,, lI 03 . 7 Si 02 . A calcium uranium 
silicate under the name uranotik wgs described by E. Boricky. It occurs at 
Wolsendorf, Bavaria; Rupferberg',’ Silesia; and at NeustadteJ, Saxony, in fibrous 
masses, or in ininute, aoiculat, lemon-yellow or orange-yellow crystals, which,, 
‘‘according to P. Pjatnitzky, belong to the triclinic system and have the axial ratios 
0 ; fi.: c=0-6257 ; 1:0-5943, and a=87° 41', /3=8^° 18', and y=96° 31'. The 
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crptals were described by V. von Zepliarovicb and A. Sfhrauf. A mineral dcseribed 
by M. Websky as umii^haiie is considered toV* an impure uranotile. Its crystals 
are said^o be rhombic. Analyses by U. (IruiuAiiaiiti, M.» Websky, ('. Winkler, 
F. A. Oenth, k. B. Von Foullon, and K. Boricky agree with CaO.Sl'Oj.SSiOj.hHoO ; 
or with CaO. 2 UO 3 . 2 SUij. 6 lLO P. Uroth representtjd it by CaUo.SioOu.QIljO ; 
and F. W.* Clarke regarded jt us hexahydiated oalciom Uianyl orthodblilicate, 
Ca(U 02 ) 2 Si 307 . 6 H 20 ; and T. L. Watson, Ca 0 . 2 U 03 . 3 Si 02 . 71 l 20 . M. Weltsky 
gave for tljp composition of uranophane, 5(jL,C8,Mg)O.2Al2Q3!6Ub3,10SiO2.28H2O, 
csldtuu nranyl aluminiaiii silicate. 'T\w sp. gr. of uranotile was given as 3 8 
3'9, and that of uranophane as 2ifi5. The hardness is less 1 ban 3. A. Sebuej^apjilied 
the name sklodoskilc —after Mrae. Curie’-Sklodowska—to a radioactive mineral 
with the coniposition of mafenesium yianyl orthodisilicate, .Mg(U 02 ). 2 Si 207 . 7 U 20 . 
The rliombic prisms are lemon-yellow with the iiidiSes of wfraction ae-l C13, 
^=1'0B5, and y=l’t'if)7. The sp. gr. is d'ol*. »The j^leochroi.siu is yellow, pale 
yellow, and eolourlest* 

The mineral iiiackinlonhili’, di.seussed in connection with tin? rare earths,, 
may, according to F. W. Clarke, be regarded iia a thorium unuiyl silicate, 
UO 2 . 2 ThO 2 . 3 SiO 2 . 3 H 2 O; and llmoguiiiiinlv, diseu.ssed» in the same place, as a 
hydrated derivative.* * * • 

A. Selioep i* ilesenbod some line-grained crystal aggrt'gaUA from txasolo, Itolgian Congo, 
witti tile composition ICUOj.GSiOj.l-iHjO ; lie called the mineral*VoiklltS. Ttio crystals 
are rhombic : the sp. gr, is 4*027 at 17“; and ttic Imrdness 3-4, Ho also describe^ canary- 
yellow, felted, needle-like crystals occurring on a niti.ss of suddife from Chinkolobwe, Itelgian 
Congo. Tlio crystals bavo a lower birefringence lliiin soddito, and the optical properties 
are different. Ho suggested the immo chlnkolobarelte, and regarded it jp a diinor^iliuiis 
form of soddite. • 

A. I. Waleker® stated tliat a soln. of sodium silioate gives a precipitate with 
a soln. of stannic chloride, but not with one of slannotis rliloride; .1, Al. Ordwuy 
obtained similar results, and found that the gelatinous jireeipitatc contained very^ 
variable proportions of alkali, ataiinic oxide, and silica. A. Breitbanpt, 
F. Hessenberg, K. K. Nordeiiskjold and A. Uadoliu, and (1. Bischof applied the 
term xluintilc to what they regarded as a stannic SiUcatC, hut A. dcs Uloir.eatix, and 
(i. Tschermak regard it as a niixtnre of ipiartz and cassiterite, and F. (leinltz, 
.1. R. Blum, J. H. Collins, li, Pearce, and R. J’. Greg and W. (i. Letlsom,a 
pscudomorph of eatsiterite after fclsiiar. 

A. Hutchinsigi found that a rare mineral from Roscommon Uliif, Sl.. Just, 
Uornwall, which he called sMkCsite -'after (L G. Stokes -corresponded with 
calcium silicostanuate, Cal).Sntt 2 - 3 Si(L. 2 IL 20 , which F. ^ambomni would write 
0 =Sn—Si 3 () 8 --Ca,-|- 2 H 20 , analogous with bis formula for catajileiite, G=Zr 
=Si 308 =N 82 *^- 2 H 20 . a. Hutchinson Amsiders It to be a salt of telrasilicic 
acid, H 4 (.la(Si, 811 ) 4 . 0 , 1 . On F. W.'Clarkci* system, the formula would be 

(HOlsSnlSisOgsHUa). The colourless cryst^ belAng to tUe rhombic system, 
ami A. Hutchinson gave for the‘axial ratios a: 6: c=0*34C2 :1:0'8*137. The 
(110) fleavage is perfect; (010) less so. The spTgr.^is 8*186, and the hardmw 6. 
The ^itic axial angle 2F=:69i'’; tJic index of refraction,.^--!*0125; and the 
‘birefringence, y—a=0*01—Na-light. L. Bourgeois found that crystals with the 
composition Ua 0 .Si 02.>^02 are.prodiiced when throe jiarts of silicj and four parts 
of stannic oxide are heate^ with an extess of fjlcium jhloridc to bright redness 
for about eight hours, and the cooled mass extiracted with water. If the time of 
fusion has been short, the residue is a mixture of tridymitc and cassiterite, but if 
the reaction has proceeded further the resfdue consists of calcium eilicoslannat**, 
whilst if the heating'has been too farfrolongej), the protlucts are calcium disilicate 
and calcium stannate. The monoclinic prisms, analogoms to titiyiite, have a lower 
birefringence than titanite. The sp- gr.i^*34. The crystals are not attacked ^ 
acids, alkali-lye, or potassium kydrosulpnate. They are less fusible than titanite. 

T. W. Hogg ’’ observed that a mixture of lead monoxide and silica at a red-heat 
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unite to fonn s silicate. Tl^e temp, of formation is lower than the fusion temp, of 
the mixture. Fused lead oxide is a {mwerfol solvent for silica and silicates, and, us 
shown by E. Biewend,* the 4oln. •Usuatiy congeals to a glass. These glasses are of 
industrial importance as the base of many glasses and pottery glazes. Various 
formula are used in the inc^tries, but the formjik) are npt, intended to represent 
compounds, but rather the mo4. proportions of the components of the ^lass. The 
glassy frit sold as “ lestd bisilicate,” for instance, contains lead oxide and silica in 
the porportions PbO: 8i02=l: 2. One of the “ heaviest flint glasses ’’(has about 
78 per cent, of PbO, and approximatewlosely to the proportions required for a 
metasilicate. Such glasses may crystallize when eooled slowly, and oS), obtained 
in this way, was regarded as lead metasilicate, Pb 8 i 03 , by L. Bourgeois. Crystal¬ 
line masses have also been found under the bision hearth of lead roasting furnaces 
undergding repaif. • Analyses of glasses containing such crystals were reported 
by L. Eisner, E. S. Dana, and S. L. Penfield, H. A. Wheeler, etc. M. Faraday 
investigated a number of lead glasses, J. J. Berzelius saiA that lead silicate is 
I formed when ‘lead fluosilicate is heated with ammonia. W. E. B. Blenkinsop 
and F. M. Lyte heated basic lead sulphate or lead oxychloride and silica. 
A. C. Becquerel found that a lead silicate,,is formed on the boundary walls of the 
collodiontnombrane separating load nitrate and potassium sihoate soln. B. Huick 
electrolyzed a 1-2 per cent.,sob. of a mixture of 96 per cent, sodium acetate and 
5 per cant, of soduira silicate bet/een lead electrodes, and obtained a lead 
silicate., W. Mostowitsch, and S. Hilpert and co-workers made glasses with 
PbO ; Si 03=6 ; 1, 5:1, 4:1, 3:1, 5:2, and 4:3; but there is nothing to show 
that the products were chemical individuals—most probably not so. 

,J. W. Mellftr and co-workers measured the softening temp, of a series of these 
glasses and found {in abrupt drop from the m.p. of lead oxide, 877°, to 540° with 

mixtures containing one per cent, of 
silica, and raising the silica up to 12 per 
cent, lowered the softening temp. 8° 
more, Pig. 192. Mixtures with these pro¬ 
portions of silica were inclined to devi- 
trify. Mixtures with from 12-30 per 
cent, of silica softened between 532° 
and 543°; and subsequent additions of 
silica raised thesoftining temp, rapidly; 
and, owing to the vobtUization of lead 
oxidc/'thc course of the curve was not 
followed much further. W. Mostowitsch 
obtained values for the m.p. nearly 
200° higher than these data.' S. Hilpert with P. Weiller, and with fi. Nachen 
obtained the results indicated in f ig^ 191. There is a maximum at 770° correspond¬ 
ing with the m.p. of the metaGilicate,|,and higher proportions of silica’gave mixtures 
which formed glasses; and silicates with over 34 per cent, of silica by weight melted 
over 1000°, and formed turbid liiasses on cooling. There is a maximum 740° 
corresponding with lead orthosilicate, PbjSiO^, and a eutectic between the ortho- 
silicate and lead oxide at 717°; there are two eutectics close between the ortho-' 
and the meta-stlica'tes, and the intermediate maximum af; 690° corresponds with 
the load orthodisilicate, PbsSi^O;, or lead pyrosilicqte. H. C. Cooper and co- 
workers also examined the heating curves of the lead silicates and found evidence 
of the formatien of lead orthosiheate, m.p, 746°; lead metasilicate, m.p. 766°; 
^nd an intermediate eutectic, m.p. 71V°. Theyi further obtained evidence of the 
formation of the pyrosilicate, and sljowed th'ht the crystals obtained from the lead 
smelters contain jhis silicate mixed isomorphously with other silicates. S. Hilpert 
and R, Nachen measured the velocity of crystallization, and the crystallizing power 
iS terms of the number of nuclei formed in a given time per unit area at different 
. temp. They say that there is inconclusive evidence of the existence of a basic 
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silicate, 3Pb0.8i02, or PbO.PbjSiOj, /end oiyorthosilitate. H. C. Cooper and co- 
workers showed that when quickly cooledjall fusiops containing less than 80 
equivaleifts per cent, of lead oxide give cleaY, coloured ' 
glasses. When slowly cooled, all fusions containing mote 
than 60 eq,per cent, of llad oxidcfcr)'8tallize completely; 
those which are richer in siliSa crystallize only in ^>art, 
but if the resulting solid is finely powdered and heated 
for sever# hours to a temp, which is lQf-100° lower 
than the r^p., a sintered, crystalline mafs is obtained. 

J. W. Mellor and do-workers fohnd the temp, at which 
^e lead silicate glasses became so soft that the corners 
m angular fragments were rounded.' The results 8i;e 
plotted in Fig. 192. ^ 

8 . Hilpert and P. ^ciller showed that the sp.’vol. (rf 
the lead silicates were always greater than corresponded 
with the mixture rule. They found for the sp. gr. . 

SiO, percent. . . 8'6 . 13-0 17-8 20-28. 24 00 27-56 3254 33 38 

Sp. gr. . . , . .• 8-124 7-OdS 6 45 6 14 5-74 6 28 4^87 4 73 

The refractive indices of glasses rich in Ic^ oxide arwvery high. 8. Hilpert and 
P. Weiller’s results are indicated in Table XXXfll. The'glajses all Showed a 
complete absorption of the violet and ultra-violet rays., The orthosilicatj glass is 
dark yellow, and the metasilicate light yellow. The colour darkens with rise of 
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Table XXXIII. Indioics of Refuaotion ok Lead Silicate fjLASSKS. • 
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temp. The yellow colour fliay Ijrgcly bit an of traces of silver or iron in the 
lead oxide. L. KJsner discussed the‘colour of the Itafl silicate glasses. The 
solubility of lead oxide in fused lead silicate glass Mcrcases with the rise of temp., 
and K. Beck assumes that the yellow cblour of the lead silicate glasses rich in bases 
is really due "to a thermolytic dissociation, l%0*»i8i02#PbO*bnSi02. From his 
stwdy of the electrical pro[ierties of Jlint glass* G. L. Addenbrooke 'inferred that the - 
glass jji really a soln. of silica in lead mctasilicate, and not« mere mixture of lead and 
silicon oxides. According to M. Berthclot, the lead silicate gjasses are decomposed 
• by exfiosurc to the radiations from a radium salt, and coloured black, or if the lead 
silicate glass has had its coloqy bleached by a little manganese oxide, it may be 
coloured violet. The Volatilization of Iqad oxide«f*om lead silicafes was discussed 
by W. Thomason, 8. Hilpert, F. 0. Doeltz andJL'. A. Gr&umann, and M. Stoermer. 
The loss in mgrm. per sq. cm. per hfiqr was founfl by 0. Andersen to be as follows: 
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8. Hilpert and P. Weiller found tha^ the highly “ leaded ” glasses are attacked by 
exposure to air; M. Faraday found the addition of potash rendered the glass stable 
in air. According to'W. Mostowitsfh, and S. Hilpert and P, WeiUer,‘the basic 
glasses up to and including* the metasilicate easily dissolve in mineral acids and 
acetic acid with the separation of silica ; the gfosscs with increasing proportions 
are Ifes readily attackcfl, so tlfat the Pb 0 . 2 Si 02 glafis is attacked only by hydro¬ 
fluoric acid. K. Beck said that lead metasilicate is readily decomposed by a 4 per 
cent. soln. of acetic aad, or a one per wnt. soln. of nitric acid at 25°; 'the higher 
silicates are less readily attacked, and thurche more the higher the propor^on of silica. 
W. Balters also tested the solubility of the glasse’s in acetic acid. According to 
P. Bartel, the solubility of the load glasses in 4 per cent, acetic acid decreases wM 
increasing proportions of silica up to Pb0.2’.5Si02; increases uj) to Pb0.3'75Si0^ 
and finely decreases again. The rfsistance to attack is favoured by additjions of 
calcium, barium, magneSiutn, zint, or aluminium oxide. Beck and co-workers 
found that boipx and boric acid decrease the resistance to attack, and alumina makes 
• the glass more resistant. Owing to the toxic character of lead compounds used in 
glazes, and the slight solvent action of the mucous fluids, the Oovernment prescribes 
certain restrictions in the use of lead compoJjnds in pottery manufacture. A ground 
frit whichHoes not giv^ up more than 5 per cent, of lead oxide when shaken for an hour 
with 1000 times its weight of 0 25 per uept. hydrochloric acid is considered innocuous. 
W. JacksSn and E* M.'Rich showed that the amount dissolved under these conditions 
is deterjuined by the fineness of grinding. Tlie controversy which ensued is an 
admirable illustration of the influence of desire and temperament on the judgment. 
K. Beck found that alkali-lye forma alkali silicate and plumbate. The gla.sscs 
richer in load than the metasilicatc are reduced by hydrogen at 240°; while the 
reduction of metanilicate and more siliceous glasses begins only above 300°. 
W. Mostowitsch observed that the lead silicates are reduced by hydrogen at 290°- 
300°, forming a mixture which maycontain lead suboxide, Pb.^O ; at 410°, the re- 
/luced lead collects in globules. C. Simmonds said that while hydrogen reduces 
the orthosilicate to silica and metallic lead, the metasilicates and more acid 
silicates furnish silicites {q.v.). Carbon monoxide, and hydrocarbons also reduce 
lead silicates to the metal. L. Kahlenberg and W. J. Trautman observed no reaction 
between silicon and lead metasilicate. .7. Percy found that lead silicate is partially 
decomposed by lead, sulphide, furnishing rmdallic lead ; and E. (Irieshammer 
noted the solubility of galena in molten glass. ' 

The range of stability of lead orthosilicate, Pl» 2 Si 04 , is indicated in i’ig. 191; 
the crystals artj readily obtain 9 d by ann’oaling the optho,silicate glass. Crystals 
of load orthosilicate, were first made by H. C. Cboper and co-workers ; and have 
not been observed in nature. , The interference figure of the crystals is negative 
and biaxial. The index of refraction, and birefringence are high. 8. Hilpert and 
co-workers found 7'01)5 for the sp. gr. of the gla.s3 and for th? m.p., 740°; 
H. C. Cooper and co-workers gave 74S° for the m.p., and 2 07 for the, index of refrac¬ 
tion of the orthosilicate glass. For the action 6f acids, etc., vide svpra. “ 

As indicated above, crystals of lead metasilicate, I’bSiOs, were prepaced in 
the laboratory by L'. Bourgeois before they were diaeov(;red in nature. The, 
conditions under which they are formed are indicated in i’ig. 187. They are 
eonveniontly prepared by annealyig the glass. 0. Palachc end H. E. Merwiii found 
a snow-white mineral at, Alamos/ Mexiefl, which they called alamodte, and the 
analysis corresponded with lead metasilicatc. .It forms radiated fibrous aggregates 
with a more ot less pronounced sph(jpoidal‘ form. Isolated fibres are colourless 
and transparfint, and are elongated in the, dirhetion of thg axis of symmetry. 
The monoclinic crystals resemble tkosc'of wollastonite and have the axial ratios 
a:b: c=l‘376: 1.: 0 924, ftnd j3=84° 10' ; but whether or not the two minerals 
tfd isomorphous has not been established owing to appreciable difference in the 
lengths of the a-axis, and in the cleavages. S. Hilpert and P. Weiller found the 
artificial crystals are biaxial and rhombic or monotlinic. The cleavage of the 
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mineral parallel to (Oil) is perfect. The sp. p. of tilt mineral is 6-488, and the 
hardness 4J. S. Hilpert and P. Weiller gav^5-9^forihc sp. gr. of the artificial 
silicate gll&, and 6-36 for the crystals. K. ^hulz gave 0 07886 for the sp. ht. of 
the glass; and 0 07807 for the crystals between 20° and 100°. The rate of cry-stal- 
lization of Uic metasilicitc was fAind by S. Hilpert a«d R. Naeken to be slower 
than that of the orthosilicate ; It is greatest at about foO° belew the in.p. H. E.^Ier- 
win found that the optical a.xial angle 2 r=; 6 r) for Na lighiji and the indices of 
refraction 8—1-917, (3 -1-961, and y-1-961. P. Weiller gaVe for the glass 1-96. 
The birefringence is strong, the optical clfaracter is negative. H. ('. Cooper and 
co-workers gave 706° for the m.p. of the nietasilicate ; and 8 . Hilpert lliid cn- 
wprkers, 766°. The mineral dissolve.s in nitric acid with the separation of gelatinous 
silica. For the action of acids, etc.t thi the nietasilicate, wV/c syjjra. It hgs been 
shown yiat C. Siminonds’s e.xperiment from whigh he inferred that lead metasilicnte 
is reduced by hydrogc^^to lead metasilicate admifa of i#iofher interpretation, and 
con 8 ei[uently ajso his argument that one oxygen of lead metasilicatc, j,s attached to 

lead and to unotlier o.xygen atom and not to silicon •■t inconclusive 

and probably wrpng, K.• 8 chwar 7 , and 11. A. Mathis made lead metasilicate, 
PbSiO^.ILO, by the action of a h-ad salt on water-glass, and they made lead 
hemiamminometasilicate, PbSiOj.JNHs.H^.'by tl)e action<of ammonij on the 
metasilicate. •* , 

A. Sjogren and C. H. Lundstrom reported that white uiasscs of a mini^il with 
a curved lamellar structure were scattered through the iron ore along with caleite, 
garnet, tephroite, and galena near Pajsberg, Sweden, and the mineral was called 
barysilite. Analyses reported by A. Sjogren and C. If. Iiundstrom, H. Sjogren, 
and R. Maiizeliiis corre.spond wit h kxd pifrosilinilr, or lead orthodfsillcate, Pb 3 Si 2 ()j, 
where a small proportion of the h-ad may he replaceiniy manganese, magnesium, 
or calcium. P. (Iroth .said that barysilite can be regarded as the normal .salt of 
he.xabasic disilicii- acid, IlijSi.^Oj; or as a basic salt of metadisilicic acid, i 
(PbaO^lSioOs. 1,1. Cesaro regarded the water as constitiitioiial, and a.ssiimed the 
silicate to be derived from Hio^i.dln' The comjiound was made by H. C. Cooper 
and co-workers, and by S. Hil|iert and U. Nackeii, Fig, I'.tl. Impure crystals were 
also reported by K. 8 . Dana and 8 . L. Pentleld, and by 11. A. Wheeler occurring 
behiw the hearth of^iii old lead furnace. The crystals of barysilite. are uniaxial and 
probably trigonal with the axial ral.io a :c I : 0-486.'!. II. C. Cooper and co¬ 
workers said the artificial prisma^c crystals belong to the dihexagonal bipyramidal 
class, and have the axial ratio n:c-i : l-02l6»fl. fl- Haiia and, 8 . L. Pe.nfield 
gave 1 : 1-032. The index of reffac.tionaand the birefriii^efice are high ; and the 
interference figiyre [hisitive and uniaxial ^I'lie crys^ls are pleochroic. The basal 
cleavage of the mineral is distinct, ^he^irisinalic cleavage leas so. The sp, gr. is 
(i-ll-O-fir), H. Sjogren gave i)-72; the hardiic.sa i.s*3.j 8 . Hilpiart and R. Naeken 
foupd the m.p. to b« 690°, as indicateil in Kig» 191. The crystals may tarnish on 
exposure to air by the oxidation of tile manganese, T|ie yiineral dissolves in nitric 
or hyillochloric acid with gelatinization of the silicic acid; and in the case of 
Jiydrodiloric acid, with the separation of lead chloride. * 

C. J. Peddle® studied the properties of the glasses in the ta-rnary and (]unter- 
nary systems: 8 i 02 PbO K 20 *or Na-jO j and 8 iQ 2 PbO K^O NatjO- cm/c glass. 
Many glasses aiiproximate* in composition, (K,Na) 20 . 4 ’b 0 . 6 Si 0 . 2 . .1. N. von 

Fuchs said that a sohi. of water-glass takes U]i f»ad oxide and forms a gelatinous 
mass which dries in air to a jirodflct n^embling (jpal. V. jferz made the 
alkali-lesd-glass by melting a mixture,of water-glass and red-lead. *A, Cray ani^ 
J. J. Dobbio gave 3 .591 for the sp. gr. of a gla.s», 2K20.5Pb0.17Si02, and 3'498 for 
2 K 20 . 5 Pb 0 . 22 Si 02 and W. Beetz gave 4-7J for a heavy flint glas* K. Zscliimmer 
and H. Schulz measift-cd the hardness of^these glasses. P. SubofI gave 0-1234 fo» 
the sp. ht.; W. Beetz, 0-04313*for the thermal conductivity of heavy flint glass; 
A. Winkelmaiui, 7-44 lor the*dielectric constant, and A. Gray and J. J. Ddbbie, 
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7-991 at 14° for the first of the abovf?-mentioned glasses, and 7-966 for the second at 
15°, and 7-630 at 120°. W, Beetz, awl T. Gray measured the electrical conductivity, 
and A. Gray and J. J. DoMe gave ,^000 X lO'® for the sp. resistance of “the first of 
the above glasses up to 135°, and 18000x10’® for the second up to 130°—see the 
glasses for the refractive indices. M. Stoemer foAhd that no 'change occurs when the 
glass'is heated in an oxidizing atm., but in a rcducifig atm., lead is volatilized, and 
the silicate is reduc(y|. 0. Anderson did not find sufficient volatilization of lead at 
900°-1400° to affect the refractive inefex. C. Simmonds studied the reduction of 
lead silicates heated in hydrogen. According to E. Griesharamer, svdphur is not 
absorbed by the molten glass ; and hydrogen sulphide attacks the glass at ordinary 
temp., and this the more, the greater the pro])ortion of lead oxide. When powdered 
flint gl^ss is mi»-<j with sodium dioxide, ztn® sulphide, and some potassium per¬ 
sulphate, J. H, Walton and H. A, Scholz found that it is decomposed when the 
mixture is ignited by nialnesiuVn wire as in the thermite, process. T. E. Thorpe 
and C. Simnvinds, and K. Beck and co-workers studied the action of acids —vide 
sujjrn; and 0. Inwald, the effect of phosphates. K. Beck and co-workers found 
the addition of 5 per cenj. of borax makes lead monosilicatc melt at 450°; the 
disilicato^at 510°; the trisilicate, at 600° ? and the tetrasilicate, at 590°. 

W. B. Ford and W. M. Bradley found colourless transparent crystals of a mineral 
from Franklin, NewJerscyt wljich tHey called margarosaniie. R. Mauzchus obtained 
a similar minewil'ftear Langsban, Sweden. Analyses corresponded with lead 
dicalcirm trimetaailicate, PbCa2(Si03)3, associated with a little manganese— 
approximately 1-14 i)er cent. MnO. The .lamellar masses consist of triclinic 
crystals which, according to R. Mauzchus, have the axial ratios u:b:c 
.^0-84419:1 :1-2838, and a -=74°37', j3=129°29', and y=U01°5'. W. E. Ford 
and W. M. Bradhsy found that the plates have two good cleavages making an 
angle of 78°, and they are nearly perpendicular to the lamellar cleavage. The 
sp. gr. is 3'991, R. Mauzelius reported 4 39. The hardness is 2J-3. W. B. Ford 
<■ and W. M, Bradley gave for the refractive indices o=l'730, and y- 1-795. The 
mineral is decomposed by idtric acid with the separation of gelatinous silicic 
acid. 

.4. E. Nordonskjold * found prismatic grey or colourle.ss crystals or granular 
masses of a plumbiferous mineral at Laugban, Sweden, and in other localities; 
and ho named it (janomdile —from ydvcofia, lustre. Analyses by J. Wiborgh, and 
G. Lindstrdm corresponded with Pb3Si207.(Ca,Mn)Si04. F. W. Plarke, following 
8. L. Pcnfield and C. II. Warren, represents it and nasonite aS being related as 
indicated by the following sehem •9: 

Pb^. Pb.SiA.Ca,(Pbri) Pb,^,^. Pb.SijO,.Caj.(PbOH) 

Pb^'> ’■^Pb.Si,0,.Cs,(PbCI) ’ . Pb' * ’'^Pb.SijO,.Caj.(PbOH) 

NoBonito. Oanomalito. 

This makes the mineral hezapltLnbic tetracalcium dihydroxTtiiorthosilicate. 
G. Cosaro made some observations on the constitution. The tetragonal crystals 
of ganomalite. have the axial ratio a: c=l: 0-707 (nearly). The (101) arfd (001) 
cleavages are distinct. G. Lindstrom gave 5-74 for the sp. gr., and A. E. Norden-. 
skjold, 4-98. The double refraction is strong, and the optical character positive. 
Ganomalite is'readily soluble 4n nitric acid with the separation of gelatinous 
silica. “ 

G. Flink ’® described irregular, foliated, juilc-grcen masses of a mineral which 
was found at Langban, Sweden, and he called it mohjhdophyllile —from iioXv^ov, 
'Tead; and ^vXXov, leaf—in allusion to its structure. The analyses corresponded 
with PbMgSiOi.HjO, hydrated magnesinm lead orthosilicate ; or, as F. W. Clwke 
suggested. (PbOH)(MgOfl)Si03, magneMum lead dihydroxymelaMicate. G. Aminofi 
gave for the formula (R"OH)2Si63. The crystab are heiagonal. Q. Aminofi 
gives for the axial ratio a : c=l: 0-649, the perfect''ba8al cleavage resembles that of 
mioai The thin flakes are somewhat flexible. The'etching figures resemble those 
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ol the members of the hexagonal system. G, Araiiicrff showed that the X-radio- 
gram corresponds with tfie trigonal symmrfry with o: c about 1:0'549. The 
indices oftrefraction.are <o=l'8148, and t=l'7611 tor Na-light, The birefringence 
is < 0 —e=0‘0537 ; and the optical character, negative. ‘The sp.gr. is 4'717, and the 
hardness i8,3-4. G. AnMnofi discissed the relation between the crystals of friedclite 
and molybdophyllite. P. A. ^an der Meuleii report^! yelh^w, transparent, a(A'ular 
crystals of zinc lead oxydisiticale, 5 (Pb,Zn) 0 . 2 Si 02 , of sp. gr, G'lbS, in the glassy 
material flom furnace flues. 0 ' 

S. L. Pejifield and C. H. Warren fouiW a white mineral in granular, cleavable 
masses at FranklinTurnace, New Jersey; they called it iinsonile- -after F. 1* Nason. 
Anal 3 ^es correspond with Pb 4 (Pb('l) 2 Ca 4 ( 8 i. 207 ) 3 . F. W. Clarke's view of the 
composition is indicated in connectioft with ganoinulitj'. This makes the mineral 
hexapbimbic tetracalcium dichloiotriortho!j|licatn, the cr/stals are probably 
tetragonal. The basi^ and prismatic cleavages Ire iiii))effect. The birefringence 
is strong and negative. The s]i. gr. is .b'42.b, and the hardness 4. (^. Lindstrdm 
found a massive mineral associated with the lead ow ol Langban, Sweden ; it was* 
named tnehnotecile—bom fiiXaf, black; and ryKeXv, to melt—in allusion to its 
relation with hyplot^cite.. The analysts arc summarrr.cd by Pb^Fe.^Si^Oj, corre¬ 
sponding with the formula of the isomorphons kentrolite. JC Groth ^presented 
the composition lead dilerryl orthodisilifiate, Pb 2 (Be()). 2 Si 207 . C. H. Warren 
gave Pb 3 Fe 4 Si 30 j 5 , which F. W. Clarke wrote Fe|Si 04 (Fc 01 Pb^ 3 . ThJcolour of 
the mineral is dark green to black. H. G. Nordenakjbl(,l gave for the ai^l ratios 
of the rhombic mineral « : 6: c--0 ti21C : 1 : 0'9I)41. (1. bindstroin found that the 
massive mineral is cleavable in two directions ; the sp. gr. is and the hardness 
6J. It is strongly plcochroic. H. (!. Nordenskjold measured ‘the absorption 
spectrum. The mineral is decomiiosed by nitric acid. • 

A. Fomjue and A. Michcl-Levv prepared a Ica/t-fcl.iiuir, or lead dialumino- 
diorthosilicate, PbAl 2 (Si 04 ).,, or i’b(.\lSi 04 ) 2 —en/c felspar. K. Peek and co¬ 
workers found that i) jier cent, of alumina raises the softening temp, of the leaik 
silicate glas.ses—the monosilicate, to .bbS”, the disilicate to CtKC, and the Irisilicate 
to 700°. The attack by dil. acids is at the same time reduced. J. Sr.ilasi ])re]iari'd 
lead ullraiiiarine hlue by heating green sodium-ultramarine and a solii. of lead 
nitrate under press. L. Wuiider made it by heating soln. of lead nitrate and ultra- 
marine blue containing a small proportion of silica in a wroiight-iron bomb at 160°. 
He made lead-ullrmiarine-red by heating ultramarine-red with a cone. soln. of lead 
nitrate in a wrdught-iron tube, at 160°; and Irad-vllrammiw-nokl, by treating 
ultramarine-violet in a similar manner. », , 

A. Dainour,** and G. voni Rath ik'scribed crystal^oi a dark brown mineral 
from Southcrij’Chile, and the mineral was called kaitrolite—bom KfVTpov, a spike. 
Analyses were made by A. IJamonr, (j. fflink, ami 1). Lovisato. The results can 
be represented by the formula, Pb^-Mn.^SioO^^' Imt if the contained manganese is 
quadrivalent, Pb. 7 MnSi 209 ; on account of ihc isomorphism of this mineral and 
melanotecite, the former is preferrifd. P. Groth reiiresented the comiiound as lead 
dimaUg an y l nrtb o disiliCftte, Pb. 2 (Mn()) 2 Sii. 07 . 'Hie ^yiflals arc often grouped in 
, sheafdike forms resembling stiliite. The mineral also occur* massive. According 
toG.voinRath,therhombiccrystalshavetheaxialratioso :i;s=;OC334 : 1:0'8830. 
M. Websky drew attention to the close agreement of the angles uf kentrolite with 
those of descloizite. The. cleavage is prismatic and'distiact. The prismatic idanes 
ate often horizontally striated. The sp. gr. fa 6'19, and the hardness 5. The 
surface of kentrolite is often black (twing Jo surface oxidation. The mineral dis¬ 
solves in sulphuric ^cid with thS sejjaration of silica and mangan^e oxide; B«d 
in hydrochloric acid with the evolution of*chlarine. « 

A. E. Nordenskjold found a massive and coarsaljf crystalline, white or grey, 
mineral associated Wth the felspar at Illittgban, Sweden. It was named hyaMe^ 
—uaAor, glass; and ■njiteti’,* to melt. Analyses by A. E. Nordenskjlild, and 
A. Lindstrdm correspondeS with the formula RiBFSijOir, where R represents 
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Ba, Ca, and Pb. 
formul®: 

SisO,< 


F. W.* Clarke,represents its composition by two possible 


B-SijDj-B-lA), 

R—SitOj—R—F 


R<®!»®*>B 


0 


• ^ ^ ^ ft 

The jatter agrees with le^ <}arium calcium fluoboryl diorthotrisilicate; and 

P. Groth represents it Us a metasilicate, HK 4 B(Si 03 )Q, with F replacing some of 
the hydroxyl. G. CedUro made some (^)8ervations on this subject. Aooordiug to 
A. des Cloizeaux, the cleavage is easy ini-wo directions at an angle approximately 
9(f, an(iless easy in a third direction in the same aone. The crystals are optically 
biaxial and j)ositive. The optic axial angle for the red ray. The 

sp. gr. is 3'81, and the hardness 5-5J. • 

S. Jj.*l*en<i©ld and H. W. Foot© found a unique mineral at Franklin Furna(?o, New 
Jersey, which they called meliiinfftk-t-aUer W. A. Roebluig It occurs in white aggregate 
of prismatic crystalu and massive. The composition corrospdhds with a mixture of 
SCalIjSiOi-l 21 ^()Cn(S 04 ), or calnufn lexul sulphatohydrostliccUe. The ap. gr. is 3*433, and 
* the hardness 3*25. It readily disselves in dil. acid, yielding gelatinous silica on evaporation. 
1'he wilkcite, 3Ca3(P()dg Ca(’(),.3CH3!{Si()4)(S()<)l, of A. S. Eakle and A. F. Rogers is pro¬ 
bably n mixture. 'J'lic hcxngohal prism lius it^axial lAtio a'.c— 1:0‘73; the hardness is 5; 
the Hp. gr. ^’234 ai 25’; the index of rifroction I C40; and the birfilriifgonce, c. 0*004. 
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S. L. Penlield and H.. W. Foote. Atner. Journ. Science, (4), 3. 413, 1897; A. S. Eakle and 
A. F. Rogers, ib., (4), 87.262, 1014., 

■f . 

' § 61. The MangBoeae Silicates ' 

W. A. LampadiuB,' P. Berthier, and N. G. Sefatrom tested the fusibility of 
^irious mixtures of manganese oxide and silica—MnO ; Si02=4; 1, 2:1,1:1, 
and 1:2—in their studies on slags. Various mLtnres of these two constituents 
withimagnesia, lime, ferrous oxide, and alumina were also tried. R. Rieke measured 
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the fusibility of mixtures of clay and manganese oxide., S. Avery showed that the 
mangauiferous glassej become strongly coloured when exposed to sunlight, the 
ultra-violeirays, or radium radiations—vide gl*88. •!. Bang prepared a manganese 
blue by calcining an’ intimate mixture of manganese oxide, silica, and baryta or 
soda-lime. According to^. I. Waljker, aq. sbln. of manganese sulphate and sodium 
silicate give^ white precipitate,which has not been cWsely examined. For collisidal 
manganese silicate, vide water-glass. F. Dorinckel mvestigHted mixtures of man¬ 
ganous oxi^e and 20-60 molar per cent. (A silica fused in ^platinum crucible; 
mixtures with more manganese oxide attajlfed the platinum, and those with more 
silica only fised above the m.p. of platinum. The mixtures are melted a second 
time to ensure a complete reaction. Th6 re¬ 
sulting curves. Fig. 193, show that a mjngauous 
orthosilicate is formed at 1323° betVeen some 
primary*crystals and the liquid; and that with* 
mixtures containing 49*60 molar per cent, of 
silica, primary crystals rich in silica react with 
the liquid at 1215° to form manganous meta- 
silicate. The eutectic between these two silicates 
is at 1190°, with *45 “taolaf pet cent, of silica. 

R. Akerman measured the heats of solidificatiop 
of a number of manganese calcium silicate sligs. 

A. Breithauptapplied the terra tephroite 
—from T((j)p<K, ash-coloured—to an ash-grey 
manganous silicate which he examined. Speci¬ 
mens have been found in various other localities. A variety fnom Langban, 
Sweden, was called by II. Sjogren picrotephroUe—mKpO!, bitter—in allusion to 
the magnesian content. Analyses were reported by (j. .1. Brush, W. (i. Mixler, 
G. C. Stone, A. Uamout, L. J. Igelstrom, J. Wiborgh, F. I’isaiii, G. I’aykull, 
A. des Cloizeaux, C. F. Rammelsbetg, T. Thomson, J. 11. L. Vogt, 11. Sjiigren, 
and J. 0. H. Mingaye and co-workors. In the idealized case, tephroite correB|)onds 
with manganese orthosilicate, Mn 2 Si 04 ; but there is usually some magnesia 
present, 1'38-18'60 per cent,; andO-11'61 percent, of zinc oxide; us well as a 
small proportion of ferrous oxide and lime. Usually, tephroite is regarded as 
a mixture, nMn 2 Si 04 .Mg 2 Si 04 , with n greater than unity. P. Berthier, and 
L. Bourgeois obtained crystals of tephroite by fusing the component oxides in 
the right proportiqns; and A. Gorgeu, by passing hydrogen or carbon dioxide sat. 
with steam over a heated mixtuA) of manganese chloride and silica ; rhodonite is 
formed unless the action is ’continued for a lonf *111110. The presence of alkali 
chloride accelerates the formation of teji/lroite. ,J. H. L. Vogt, and J. H. Whiteley 
and A. F. HaWmond found tephroite am* rhodonite crystals in some steel con¬ 
verter slags. • * •• 

Crystals of tephroite are rare ; the mineral ifsuallyaiccurs in trystalline masses; 
the»colour is grey, greyish-red, flesh-ged, reddi?h-brown, and rose-red. The colour 
often djirkens on exposure to air. The crystals betengio tlie rhombic system, and, 
according to H. Sjogren, have the axial ratios a:b: c-=(t'46004:1 :0'59389 ; 
G. Flink gave 0’4621 :1 :0'5914. The crystals are isomorphous with olivine. 
Observations were abo made by^. des Cloizesux. E. Kittl found that manganese 
orthosilicate glass has a* smaller number * 0 ! centrts-of c^stallization than other 
orthosilicates, and unlike them forms radiating grumps of crystab. The cleavage b 
distinct in two directions at right angjes to one Another. A. des Cloizeaux, and 
G. Flink give for the optic axial angles 2H„ ~8l° 4', 2 Hq t=112°16', and.2Fa=76° 6^ 
for the yellow ray; ^ffj=84°4', and*2JS*=^1°48' for the red ray; and 2 fl 7 
=82° 59' and 2S=156° 35' for the blue ray. Trie sp. gr u 3’95-415 ; F. M. Jftger 
and H. S. van Kloosl^r gave 4 044 at 25^4*° for the sp! gr. The hardness b 6-7. 
E. Kittl, and F. M. Jagerand S. vanNlooster, 1290°-1.300°, gave ]170°-1200* 
for the m.p. The last-named found that the index of refraction exceeds 1-J39; 
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the birefringence is strong; and the optical character negative. S. E. Larsen gave 
for the indices of refraction a“4*'>59-l*767, j3=l'785“l'792, and y-4*797-1’805. 
The crystals are strongly plmichrtic. Manganese orthosilicate is dicomposed 
by hydrochloric acid without the evolution of chlorine, but woth the separation of 
gelatinous silicic acid. A. Gorgcu also found tha{ chlorine,water, or a soln. of sodium 
hycUocarbonate, readily attacks this silicate; when ijielted with manganese chloride 
and silica with the cxchision of air and water vapour, the metasilicate is formed. 

L, J. IgelstrOm * applied the terra h‘^i^tephroite to what appeared to be a liydraied 
tephroite from Pajsborg, Sweden. The composition approximated 4 ^trUahydr(Ued 
mangaifcse orthosilicate, 3 (Mn,Mg);jSi 04 . 2 H,p ; the colour was pale retl; and the hardness 4. 
It is decomposed by acids with the separation of gelatinous silica. Ho also applied the 
term epigmite and n^e^tesitej to other analogous forms apj^roximating hydrated manganese 
oUfiosikeate, (Mn,Mg)s.Si()4.HaO. It is decompose by acids without tlie gelatinkation of 
the silica. M. H. Klaproth analyzc^l another hydrate from Klapperud whicli^had the 
composition dihgdrated A. H. lUiillips described 

needle-like crystals of a mineral frorft Franklin, New .Jersey, Vliich had a composition 
corrospomlingVith {Mg,Mn,/m)»Si 30 , 4 . 2 H 2 (),an(l which lie calleilyiii/eitc—‘after K. JJ. Gage. 
Bementito-—ta/m-eun bo* regarded os ttumganese dihydro-wtbmdieate, MiiHjSi04. 
8 . Ji. i'enfield and C. H. ^yu^^en described a pule purple-red mineral from Franklin 
Furnace, Now Jersey, which they called hm'ophom^nte—iwnx Acyirdj, pale; and 
purple-rei. The composition corresponds with Mn 3 (MnOl{)^( 8 iG^;„ ihwiganesc dxhydroxy- 
tnorlhosiiicaic. It is eonsidered to re^einhlo a hurnito with all tfie fluorine replaced by 
hydi*oxy^ Tlie crystals are luunoclini#. Tho sp, gr. is H 848, and the liardness 6^-0. 
It is slightly pleoiJuAfc. It readily dissolves m hydrochloric acid yielding gelatinous silica 
on eva^ralion. The waiter is expelled at a rod heat. F. W. Glarke considers both 
gageite and leucophoenicito to bo members of tho huinile grou[>, and, writing li for 
Mg, Zn, Mn, uses graphic formulie of tho typo : 


KOH 

KO^' 


>Si04 




>Si 04 <. 




KOH 

KOH 


S. L. Penfickl and G. II. Warwn desenbed sotiws dchoate bluinh-gn'i'ii, iirisinatic 
crystals which tlioy found at Frankdm Furnaci:, New Jersey, to which they applied 
tho name ylaiwochroiU' from yAunicih, blue-green; and XP''“> colour. Tho 
composition approximates to an isomorphoiis mixture of calaiaii and manijanese 
orlhodlimk’s, (('a,Mn). 2 Si 04 , with the ratio t'a : JIn; = l ; 1. Tlic rhomhic crystals 
have the a.xial ratios o : h : c---0'440: 1: U'.btitj; twinning plane is (Oil), and the 
vertical axes cross at 5B''dr. Tiie optic axial angle 21'-'d'0'’5r. The indices 
of refraction are a--l'67y-I'tiHti, )3~l’710-]'722, and y= 1'72§-1I'735; and the 
birofringeneey—a:- 0’049. The sp. gr. is 3'107,'and the hardness fi. The mineral 
is soluble in hydrochloric acid. ' 

C. I’alocho and W.‘ T! Schaller^ found a bright pink or reddish-brown mineral 
in monoclinic crystals at Franklin Fnrrace, New Jersey ; they called it hodgkiu- 
sonite. The analyses correspond with manganese zinc dihydroxyorthosilicate, 
MafZuOIllaSiO,. ‘ The axiahratioETarc a: 6: c=l'539 :1: M165, and j8—84° 33J'. 
The mean refractive index is 1'731’ The miperal decrepitates when heated, nnd 
fuses to a brown onamc); no water is lost at 110°. It is readily soluble in acids 
with the sejiaration.of gelatinous silica. S. G.' Gordon made some observations on 
this mineral. ' ' 

A. Schneider ® 'reported small prismatic crystals of a mineral in the manganese 
mines at Nanxenbach, Germany, which Jie called inesite-^from Ives, flesh fibres— 
in allusion to the colour and structure; and G. Flink found some in the mine at 
Harrtig, SweEhm, which he called rhodoUlite—kom poSov, rose; and vtAoj, fibre— 
and later, he established'its identitJy with inesite. A. Hambcrg said that the 
'manganocakik described by A. des Cloixeaite, and P. Groth and J. A. Krenncr was 
an inesite. 'A. Schneider, represenled his analyses by (Mn.CaKMaOHljSisOg.H,©, 
in agreement with tho facf that part of the water persists at,300°. Analyses were 
'also made by A. Hamberg, 0. C. Farrington, ai^d C. Flink. G. Flink gave the 
fongpla (Ca.MnlSiOs.illjO; 0. C. Farringtqn, H2(Mn,C8)8Si(OiB.3HiO; 
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F. Zambonini, H 2 {M)i,Ca) 2 Si 207 .pio 0 , hydrated manganese calcium orthodi¬ 
silicate. F. W. Clarko gavo Miio.Si^DoIMii.SLOY.MnHjlj f2H20, iilii.s 
C 82 .Si 207 ^Ca.Si. 20 j,H 3 ) 2 -f 2 II 2 O, where Si^O^j is tjie svxivajeut radicle of otllio- 
disilicic acid. ' A. Hamberg showed that the amount pf moisture varies markedly 
with the humidity of the air; and F. Zamlfcuiiii found tliat 1»8 per cent, of water 
is lost at 1W°, and 5'9li*per ceut.*at 310 ’. The dii^jyiftation curve consists oj two 
parts: the part up to 200“ does not correspond with any perceptible change in the 
mineral, w|iile above that temp, the nature of the mineral is changed. A. Schneider 
found that 4‘64 per cent, of water was lost a^ 110"; and 0’48 at 200"; 2'23 at 300° ; 
0-62at440°i^ and TSS on ignition- total loss, y'22 percent. 

The colour of the mmcral is rose-red or flesh-red, and on exposure, this colorat ion 
disappears. The crystals usually occur in librous masses, often radiati'd and 
sphcrulitic. The prismatic crystals, atcording to It. Schiobe, and A jflehneideni belong 
to thestriclinic system, ami have the axial ratios n : 6 ; 0 l(7r)2(i(i: 1 :1-32078, 

and a=92° 18' 12", j3r„l32" D6' 51", and y-:-9,?" uO' 42'’*. The cleavage parallel to 
(010) is jjcrfect, less so when parallel to (100) and still less to (llo/. The s)i. gr. . 
approximates 3'03, and the hardness 0. F. Ulrich (lave 3-03 for the sp. gr,: and 
a=l'(il8, j8=l-(i369, and y=l'i(i44 for the indices of refraction. It. Schiehe 
found the optic aKiaMingle, 2C to ho G4'*for Li-liglit, 03’ 28' for t.he Najight, and 
02" 51' for the TT-liglit. The index of refractipn is 1'7782. The optical charact(*r 
is negative; the crystals arc faintly pleochftnc. • • 

U. F. Jlewett and F. V. Shannon" rcjiorted rhombic crystals of a mineral 
from Costa, Oriente I’rovince, Cuba, and he called it" 0 / leiilite. 'JTie Voinposi- 
tion approximates ICaU.yJln^O^.OSiOi.llljO, or, with manganese tervalent, 
('aiMn4(Si04)5.41l20. The sp. gr. is ;i-(l5, and the hardness 4-5-5-(J. The biaxial 
crystals have the refractive indices a I•7.58, ^ 1-770, and y -1-790. The mineral 
is not attacked by cold hydrochloric, acid, but is readijy dissolved by the hot, acid 
with the separation of llocciilent silica, and the evolution of chlorine ; it. is partly 
decomposed by moderalely cone, sulphuric acid ; and is almo,st insoluble in cone, 
nitric acid. 

K. Bertrand t found a manganese silicate in the mines at Aderville, Halites 
I’yreiiees, and he named it fcriedelite— after 0. Friedcl. Analyses were made by 

E. Bertrand, A. tiorgeii, C. I’alache, 11. Lienau, U. Liiidstrom, L. J. Igelstroni, 
and A. Holfiiiann aiul F. Slavik. Formiihc have been proposed by (b F. llammels- 
berg, E. S. Dana, K. Zamhonini, and A. Hoilmami and F. Slavik. P. Grolh, ami 

F. W. (Tarkc gaye ll 7 iMu 4 (.Mn('l)(Si 04 ) 4 , manganese chloroheptahydrotetrortho- 

silicate, or graphically: • • 

H 2 (MnCI)~ 8 i 04 ^ jjj. • ]yjjj^ 8 i 04 -.aHAIn 

.■ • -- 

which is analogous with the formula fi>r dioptasiawhnii JInCT is replaced by hyilrogen, 
and manganese by copper. C. Palache* gave: HgMn 7 (MnCl)(Si 04 )e, and 
H*(|Mni 4 (MnCl) 2 Sii 204 i,; G. AminoTl, Il 2 lH"( 01 tCl)^(Si 03 ) 2 ; and F. Zambonini, 
lligR'^i(MnCl) 2 (SiU 4 )io. The rose-red crystals are commonly tabular, and the 
.mineral also occurs massive with a saccharoidal structure abd distinct cleavage, 
passing into compact masses with indistinct cleavage. The crystals belong to the 
trigonal system with •the axfal ratio a: c«0;5024 ; G. Aminofi obtained 
1:0-532—0-502, and this ifgreed with tlio X-rrfdiogramS. The faces (1010) and 
and (loll) are often striated. Thc'(l)OOl) clca^^ge is perfect; the sp. gr., 3'07 ; 
the hardness, 4-5; the double (^fraction ^s strong; 'and the optipal character, 
negative. The mineral dissolves in»hy(lrochloric acid with the separation of 
gelatinous silicic aqjd. G. Aminofi discussed ftio relatiops between tte crystals of 
molybdophyllitc and fricdelitc. . • 

According to J. V. L. Hausraann,* J. tllason and H. Gahn discovered in the irdh 
mines of Bjelkegtura, Swedeg, hexagonal prisms of a ferruginous silicate whic]^ they 
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CiUed pirodmlke—ltom nip, Are; and oaprj, odour—in allusion to tie odour 
when heated ; D. L, G. Karsten aketed tic term to pyiosioabte. R. J. Hatty, 
and J. A. H. Lucas called it/er mirat\, Analyses were made by J. Lang, E. Ludwig, 

F. Wohler, W. Hisinger, N. Ijlngstriim, A. Gorgeu, and F. Zambonini; ana attempts 
to deduce a formula were made by C. F. Rammelsberg, E. Ludwig, F. W. Clarke, 

G. T^ohermak, F. Zambonlni„and A. Gorgeu. 'Thp isomorphism of the mineral 

with friedelite, and theiimilarities in the properties of the two minerals show that 
the constitution andwimposition are t^ same except that much of the .manganese 
of friedelite is replaced by ferrous iron, ^his makes pyrosmalite mangaaese lenous 
chloroheptal^drotetrorthosilicate, H 7 (Mn,Fe) 6 Gl(Si 04 ) 4 . 'J,’he crystals are 
thick and prismatic, or else they are tabular. The mineral also occurs massive 
and foliated. The colour is greenish-black, pale liver-'brown, grey, or green. The 
crystalware often,bjown externally, and light ytllowish-green internally. Observa¬ 
tion on the crystals wefe made .^y« J. F. L. Hausmann, W. Haidinger, Gi* Flink, 
B. J. Hatty, and H. J. Brooke. According to A. E. Nordet’.skjold, the axial ratio 
of the trigonal crystals is « : c=l: 0'5308. G. Aminoff found the X-radiogram 
agreed with the relations of this mineral with friedelite and molybdophyllite. 
The cleavage parallel to (0001) is perfect, and imperfect parallel to (lOlO). The 
sp. gr. i8»3 0f)-3'19, and the hardness E. S. L'arsedi gave a)=l'675, and 

«=1'636. G. Flink hlso showed th(>t m and « were respectively 1'768 and 1’644 
for red light; I'CSJ’^and 1'64^ for ydllow light; and 1'686 and 1'651 for green 
light. The douWe refraction is strong, and the optical character negative. 
P. B. Wf Ooberg gave 01978 for the sp. ht. F. Zambonini found that there is a 
change when the mineral i.s heated to 200°; and that a large proportion of the water 
is lost at about 4(X)°. The mineral is decomposed by acids with the separation of 
gelatinous silica. 

J. Jakob “ obse'rved a manganese tetramesosilicate, 3Jln0.4Si02..3H20, from 
Val d’Err, Graubiinden. He called it parsettensite from the occurrence at Alp 
Parsettens. The copper-red mineral occurs massive, it is uniaxial, and probably 
'pseudohexagonal. Its sp. gr. is 2'590, and its indices of retraction to=l’576 and 
«=1%')46. Part of the water is expelled at 100°, and the remainder at dull 
redness. In the oxidizing flame it fuses to a brownish-black glass. It is decora- 
posiid by hot hydrochloric acid with the separation of silica. A variety of 
parsettensite with an extra Mu(OH) group was called errite after its occurrence 
at the Val d’Err. Errite is brownish-red, and has the sp. <gr. 2'681, and the 
indices of refraction m=l-,')75, and £=1-547. 

G. Flink 1“ reported colourless rhombic dodciSahedra of a mineral, which he 
called haratigiUi, amonfr the ga'a'iets at a Harstig mine, Pajsberg, Sweden. The 
analysis approximates k 7 \(!a,Mn)i./!l 3 SiiQU 4 o; and F. VV. Gierke represents the 
analysis H 4 Ga 5 Mn 2 Al 2 (Si 04 )j,* making-'harstigite calcium dimanganous dialo- 
miniiim tetrahydrohexorthosilicate. The'smnll prismatic crystals belong to the 
rhombic system, lihd have'the axial ratios o : A : c- 0-71479 : 1 ;'r01495. No 
cleavage was reported. The optic 'axial angles arc 2//a=57° 50' for red light, 
57“66' for yellow light, 'ind‘58''’' 8' for green light; 2F=90° 27'. W. Kamsay 
gave for the indices of refraction with Na-light( a=l-6782, and y=l-68308. The 
optical character is positive. The sp. gr. is 3 049, and the hardness SJ. The' 
ignited powder readily dissolves in hydrochloric acid with the evolution of chlorine. 

In the eighteenth century, there were-many references to Rothbraunstein, Roth- 
stein, and Rothspath. A sample of this mineral from Kapnik, Hungary, analyzed by 
A. von Buprecbt,44 was called by J. J. N. Huot, kapnikite; by D. L. G. Karsten, 
Kapnik fekpw' and by A. Q. Werner, fiianganeserspar. According to E. F. Germar, 
(3. F. Jasche suggested the term rbodcnitef^-from poSov, a rose—in allusion to 
the beautifurhred colour.. The term rhodonite was adopted .by F. 8. Beudant, 
J. F. L. Hausmann, and most subsequen-i. yriters. 

v' 

R. J. called the mineral mathganhe <Kcydi stlifhe; C. C. von Leonhard, 

; M. H. Klaproth, iSchutwzbrauMteiwrz; 8. Beudant, from 
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oVi/iiw. i E. F. Glooker, mangaaolite; and raqro or leas impure or altered varieties 
have received various names. They were analyzeU by A. Schneider. E. Schweaer, etc 
P. Berthier called a more or less oxidized fofmjftomsSt. Marcel, Piedmont, marcrline. 
J. J. N. Huots pssil/ite from Pesillo, and J. von JewreinolT’s /irtrroc/inf, analvzed by 
J. J. Berzelius, are probably mixtures of a hydrated silicate,'silica, and wad. C. R Jaseho, 
and E. F. Germar caBed^igreeu majganiferous earthy silicjto from Schebenholze, Harz, 
aflojife—from iAAayij, change—in allusion to the change M colour from green to yellowish- 
brown on exposure to air; it was analyzed by A. P. J. du MtnB, and shown to contain 
some carbonate. E. F. Germar called a rose-red sample hydropitet^trom USpaiji, droiwy ; 
and a yellowish carbonated variety associated wiJIi allagite was calleU pludicite or, acconling 
to R. Brandos, photiziie -from enlightening. Photicito was analyzed by 

A. H. Chester’P. Beiihier, A. Damctir, T. Thomson, and A. P. J. dii Mtnil. Tho^rcy or 
brown corneous manganese — Hommangan—md the tomosite, of C. F. Jaseho and E. F. Germar 
are of a similar nature to photiclte. L. J. IgelstrOm called a variety from Pajsberg, Sweden, 
pajsbergite. More or less oxidiz^ and l^drated varieties oro.reprosonted by tlipslcintit^ - 
after A. von Klipstein—which is an amorphous black or brown maks'from Klapporud, 
and was«eecribed by F. von Koliell, and J, F. Halir. • H, Fi8cl|pr showed that the supimseil 
mineral is a mixture, la J. IgelstrOm dascribed, strotopede—from slrnlutn, and nyis. 
a relation by aignity—occurring at Pajsberg, Sweden: J. F. Balir, and A. E. Arp|)o, 
wiUmgite, occurring at Wittingi, Finland; and P. T. Clove, N. and A. E. Nordoiiskjftld, 
and A. Schneider, netdocite —from rcorosos, of recent origin—occurring at Gestriklaiid, 
Sweden, and several other places. J. T. Pardee and co-wofkers anal,vzcd the noolocitc 
from Western Wasldngten. Tlio three last-Iiamcd varieties of altcreii rhodoni^ apja'iir 
to be the same. E. T. Wherry discussed the proposal to apply thoHorm neotocite to the 
amorphous or colloidal manganese silicates with |)i(f ratio JtlnO ; SiOj approximating 1:1. 
N. EngstrOm apjilied the term hydrorhodonite to a hydrated variof.y jf rhodointe from 
Langban, Sweden. A. Hamberg’s curyopihle—iTom Kapvov, walnut; and iriA^ felt — 
occurs near Pajslierg, Sweden, and consi.sts of rcniform or stalhclitiu nodules wim felted 
masses of radiating fibres. The composition approximates IMnO.SSiOj.311,0, but the 
material analyzed was impure. ,T. '1'. J’ardoo ami co-workers suggested that caryopliilito 
is the same as bementite. According to C. Hiiitzo, through some confiisicfli of cummiiig- 
tonite, and the rhodonite from Cummington, Moss., analyzed by R. Hormaiin, C. F. Ram- 
inelsberg and others have referred to a manganese-amphibole^v/hich G. A. Kenngott called 
liennannite; no such amphibole is known. 

Analyses of rhodonite were reported by J. J. Berzelius,'- C. K. Katntnelsberg, 
I/. Coloinba, J. J. Ebelnieu, H. von Foullon, A. Hambcrg, 1). Fitio, F. A. Hinner, 
A. Roccati, L. J. Igebstrdm, M. Weibull, A. 11. Chester, J. D. Dana, (!. Lindstroni, 
li. V. I’irsson, L. Sipocz, K. Hermann, W. Caniac, 0. U. Shepard, (I. vom Rath, 
II. Hahn, F. Pisani, and F. Froumie. Analyses of the purer samples of rhodonite 
correspond with manganese metasilicate, MnSiO,. A. Brongniart described a 
greyish-red calciferotft mangaftese metasilicate from Mexico, and called it busUwdle 
-after M. Bustaidente. A. Bre^haupt showed that it belongs to the pyroxene 
group, and J. F. L. Hausmant demonstrated that iWj closely related \(ith rhodonite. 
Calcareous varieties were analyziW by f. Pisani, G. Liiidatrbin, U. vom Rath, 
J. Fromme, and B. J. Igelstrom. The formula^ correspond with mixtures 
nCaSiOj.MnSiOs- E. S. Larsen and E. ,V. Shannon represent |he composition by 
CaMn(Si 03 ) 2 , hP*I consider the mineral to be a tneknij jiyroxeng, i.c. a sub-species 
of rhodonite. It has the optic axial angle 2Fi=41°, and the indices of refraction 
a-l'662,j3=P674, and 1-676. * 

Accarding to A. S. Ginsberg, tlus f.p. curve, Ing. fy4,* of mixtures of caktmn 
<\nd matiganese melasilicales—tbo former with a m.p. 1512° antf the latter with a 
m.p. 1218°—shows a minimum at 1184° corresponding with 12rii molar jicr cent, 
of calcium metasilicate., 8. Kallenberg gave 118Q°_for the m.p. mf manganese 
raetasilicate; and 1160° for the m.p. of the eiitettic'with.lO per cent, of calcium 
metasilicate. A. S. Ginsberg infers .that wollaiftonite and rhodonite are isodi- 
morphous, furnishing monoclinic mixed* crystjls. WoUastonite is triclinic; hence, 
he inferred that there^ust be a nifmo(j|inic variety of rhodonite. A,*8. Ginsberg 
measured the sp. gr. and hardness of binai^ mixtures of calcium andr manganese 
mctasilicates. £. Kittl found the glass in crystallizingi developed 120 nuclei per 
sq. cm. P. Lebedefi cAtained the f.p. 6u^^% of mixtures of manganese and strontium 
m^asUieates, but found there is % great tendency to form glasses with solid solii, 
near the m.p. The two silichtes are isomorphous. Similarly with mixturA of 
VOL. VI. . 8 M 
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manganese and barium meiasilicalef. The f.p. curve has a minimum, but it was 
not exactly located becaijso 0 / glass formation. He also found that magnesium 
and manganese metasilicales, Fig. 19o, form two series of solid soln., witH'a break in 
the f.p. curve at 1328° anif 40 molar per cent. MgSiOs. The m.p. of jnagnesium 
met^silicate is 1535°, and hi manganese metasiKoate 121(.°.' The optiral examina¬ 
tion shows that the crystals at the magnesium end 8f the series have the properties 
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of enstatite, and those at the manganese end the properties of rhodonite, confirming 
the representation of the system as one of two series of solid soln. 

' A crystalline and foliated mineral resembling red felspar was mentioned by 
8. Fowler, T. Thomson, and S. Robinson as a siliceous oxide of manganese. It 
occurs near Sterling, New Jersey, and was called fowlcrile by C. U. Shepard. 
IS. F. Glocker showed that it is closely related to rhodonite; and R. Hermann found 
' tliat it contained zinc, so that C. F. Rammelsberg called the zinciferous rhodonites, 
fowleritc. C. U. Shepard also called a variety of fowleritc keatingine. The iron- 
black dyssnite of T. Thomson was considered to be manganese sesquisilicale; 
J. U. Dana said that it is an altered fowleritc. Analyses of fowlerite were made 
by C. U. Shepard, C. F. Rammelsberg, W. Camac, and L. V. I’irsson. The formid® 
correspond with wiC'aSiOj.nZnSiOj.MnSiOj, which appears to be a mixture of 
silicates in isomorphous association. 

Rhodonite has bycn reported by F., Wiser,p. von JeremejefT, E. Tacconi, 
C. W. C. Fiiclrs, J. H. Whiteley .ind A. F. Hallimond; and J. H. L. Vogt in various 
iron and steel furnnwe'slags. P. Berthicr, N. G. Scfstrdm, and L. Bourgeois 
made rhodonite by fusing avmixture <)f the constituent oxides. .A. S. Ginsberg, 
and S. Kallcnberg ^employed a sjpiilar pisrcejs, and A. Gorgeu fused a mixture of 
silica and manganous chloride in a.r atm. of moist hydrogen or air. Good crystals 
were obtained in the presence of alkali chloride. According to S. Kallcnberg, 
although the crystallini;, fo[m (jf synthetic rhodonite is very similar to that of the 
naturally occurring rhodonites, it differs from the minerals in the positive cfiaracter 
of its double refraction. Synthetic rhodonites containing iron and magnesium 
silicate are optically similar to the pure mangaiiese silicate, but in the presence 
of 5 per cent, df calcium siliepte the posjUve double refraction changes to negative. 
Since the natural rhodonites generally contain calciuiii silicate in greater proportion 
than this, th^ apparent discrepaiicy in the optical behaviour of synthetic rhodonite 
and the minerals is readily,explained^ 

Rhodonite occurs in crystals or clcawble masses; and also in compact or 
granular ntasses. The ,colour ranges from a light brownish-red to flesh-red, and 
rose-pink ; it Is sometimes greenish pr yellowish when impure; and sometimes 
‘black on the outside where it has becli exposed to air. The fine red rhodonite 
stone is quarried in the Ural Mountains and used for ornamental purposes. The 
crystals are often large with roifnded edges; commonly tabular, and spear-shaped. 
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As emphasized by H. Rose,'* the crystals som^etimes rhsemble pyroxene in habit. 
G. Rose reprded the crystals as inoneob^ic, ,but ,H. Dauber showed that 
they are ^ricKnic, and, according to G. Funk, have the* axial ratios a:b:c 
-4’07285; 1: 0'62127, and o=103° 18' 7'.', j3=108"’44'8", and y-Sl" 39’ 18". 
Observations on the crj^tals havfe been made by U. Dana, E. S. Larsen and 
E. V. Shannon, A. des Cloi2haux, F. Tamnau, P. Groflv N. von Kokscharolf,- 
R. P. Grefc H. Sjogren, A. Haniberg, V. Goldschmidt, M. \%ibull, L. V. Pirsson, 
C. Anders^, W. E. Ford and R. D. t'rawfori, and H. L. UngAnaeh. C. lllawatseh 
called tricliijic crystals similar to but itbt identical with rhodonite, lining the 
cavities of slags, vogtite —after H. L. .Vogt, 'riio cleavage parallel 14) (lltl) 
is perfect, and that parallel io (001) less perfect. T. L. Walker investigate)! the 
corrosion of rhodonite. G. Flink gave for the optic jxial angles 2/1,, - 7,9“ 2.9', 
2HQ=lffd° 56', and 2Fa=75° 57' for the red Ij-ray ; 2//„-=79*^0', 2//o-=108 ’ 25', 
and 2F,=76“12' for Jhe yellow Na-ray; and'2//„-»7.'^“ 38j', 2//o----107° 13J'. 
and 2Fo=I6° ^2' for the green Tl-ray. A. des (?loizeaux gave for bustiimi(e2F- -68“ 
for the red ray and 72° for the green ray. E. Kittl found that the glass during 
crystallization developed 240 nuclei per sq. cm. The jp. gr. ranges from 3-40 to 
3’68. J. Jakob gave, 3'416 for the spr gr. of rhodonite; and A. S. Ginsberg 
found for various mixtures of calcium and manganese metasilieates, 9ie linear 
relations: , ^ ‘ • , 

MnSiO, . , 0 16 40 60 70 86 '* 90 lOOpereeut. 

Sp. gr . . 2 010 2 092 3 080 3 180 3'219 J-302 3'313 3'3** 

G. Stein gave 3’44 for the sp. gr. of the artificial crystals of mangane.s)' metasilicate, 

and 3'36 for the sp. gr. of the glass. F. M. Jiigi'r and 11. S. van dvlooster gqve 
3'716 for the sp. gr. of manganese metasilieate at 2574°. The hardness of rhodonite 
is 5'5-6'5. A. S. Ginsberg found that with mixtures of calcium and manganese 
metasilieate, the relative hardness has a maximum for mixtures with 15 per cent. 
MnSiOa; , 

MnSiOj ... 0 15 40 70 86 100 

Haixlness . . . 0 041 0-046 0-056 0-058 OOOl 0048 

C. Doelter gave 1170°-1195°, and 1220°-1240° for the m.p. of different samples 
of rhodonite; A. Woloskolf, 1210°; N. V. Kultaschclf, 1180°; A. S. Ginsberg, 
1219"; S. Smolensky, 1218°; G. Stein, 1470°-15UO°; F. M. Jager and 

H. S. van Klooster,*1273°; and S. Kallcnberg, 1180°. For the m p. of mixtures 

of manganese silic&te with calciuip and magnesium silicates, vide Figs. 194 and 195. 
C. Doelter gave 1140°-1170f for the m.p. of fo'#lgrite. P. E. W, Oeberg found 
the sp. ht. of rhodonite to be 01599 ; U. le Chatelier g»v» 5 4 C'aLs. for the heat 
of formation; ,{ind*S. Wologdine, 7-725 Cals. Fqf the heat of crystallization, 
0. Mulert gave 0 0649 Cals, per gram, cw 8 52 Cals, per mol.; .and for the heat of 
soln. of crystaljine and glassy manganese silicate in 2^ per cent* hydrofluoric acid, 
he gave respectively 5307 and 6159 Cals, per mol. A. Michel-Lcvy awl 
A. Lacroix gave for the mean index of refraction, j8 y 1-73; and for the birefringence, 
y—0=^-010-0011. F. M. Jager and H. S. van Klooster*gave 1-7.39-1-733 for the 
jndex (rf refraction; and J. Jakob, o=1-721, and y=1-730. The optical character 
is negative. The crystals arc pldochroic; this was observed by J. Jakob, G. Flink, 
A. des Cloizeaux, W. Ramsay, afid N. von Kokschivoff. • 

Rhodonite usually darkens on exposure to air, nomotimes becoming nearly black, 
owing to oxidation. The mineral is slightly act Jd on by acids, and the calciferous 
varieties often effervesce owing to the pfesenegof calciun^carbonate. *^The powdered 
mineral partly dissolves in hydrochloric geid, and the insoluble part is white. Accord* 
ing to A. Woloskoff, the f.p. curve of mfxtuscs of manganese metasilieate and 
sulphide has a euteitic with 6-85 molar jjer cent, of MnS! The minerals lorrensile, 
MnSiOs.MnCOj ; lacfmile, MnSiOs.SMnCfJj; hudviie, 3 Mn 2 Si 04 . 2 MnC 03 ; *!«fc 
laurite, 2 Mn 2 Si 04 . 5 MnC 03 ; aifd chocoUiie-stone, 5 Mn 2 Si 04 . 3 Mn 304 . 2 MnC 03 , are 
considered by H. Lienau to l& different stages inthe weathering of rhodonitff. 
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A. Gorgea found that th meta^Iicatc dimlves in melted manganous ci/on,/,: 
and crystallizes out again gn cqpling^; if the fusion be conducted in the vapour oi 
water, the orthosilicate is slowly formed. A. Gautier and L. HallopW found 
that when rhodonite is treated with the vap. of carbon disulphide at a white 
heat^ rhodonite is converted, into manganese'sulphide,*'Mn 3 S 4 . 6/ A. Konig 
■described a greyish-yellow mineral occurring in the zinc mines of Franklin Furnace, 
New Jersey. It is lialled bementite—altet C. S. Bcment. C. Palache said the 
axial angle is small, and the crystals Wong to the rhombic system. *Bementitc 
is soft, with a micaceous cleavage, antf sp. gr. ^'981. Its analysis^corresponds 
with himiliydrated manganous metasilicate, MnSiOs.lHjO. It dissolves in 
hot hydrochloric acid without the gelatinization of theisilica. C. Palache’s analysis 
corrcs[i()nds with^l^Mii 5 (Si 04 ) 4 . P. Groth (fonsiders it to be manganese dihydrortho- 
silicate, MnH 2 Si 04 . J. T. Pardee, B. S. Larsen, and G. Steiger represeut their 
analyses of the miiierar hf 8Mnl).7^i02.5H20; they consijjer caryopilite is of the 
same mineral species. J. II. Colhns described an amber-brown,, mineral from 
Penwith, Cornwall, which he called pmwithUe. Its analysis corresponds with 
dihydiated manganous m^tasilicate, MnSi 03 . 2 H 20 . 

G. Fljpk^® obtained columnar crystals of a light-red mineiyil with the habit 
of pectolite, to which it is related chemically. It was found at Jiilianchaab, Tutop 
Agdlerkijia, and Ksiigerdhiassuk, Gnienland. It was examined by C. Winther, 
0. B.Boggild, and til Christensen, and named schizolitc - from agi^to, to cleave- 
in alluaifin to the marked cleavage. The composition apjiroximates to sodium 
calcium manganese hydrotrimetasilicate, HNa(Ca,Mn) 2 (Si 03 ) 3 , where some 
ferrous iron may replace the calcium, and some titanium, the silicon. 
TIfc crystals telong to the triclinic system and have the axial ratios a:b:c 
:-l'10()13:1; 1'98629, and 0=90° 11', ^=94° 45J', and y=103“ 7J'. The cleavages 
(100) and (001) are both'perfect. The optical axial angle 2fi~82'’40’. The 
sp. gr. is 3'048-3 089 ; and the hardness 5-51. The mean index of refraction for 
•sodium light is 1'632; and the birefringence on (100) is 00271. The crystals 
arc optically positive. A. Breithaupt referred to llesh-red or rose-red radiating 
fibrous masses of a calcareous manganese carbonate, as manganocaleite ; but 
B. Breussig showed that the mineral from Schemnitz is a mixture of carbonate 
and silicate. The silicate had a composition corresponding with Il 2 Mn 3 (Si 03 ) 4 .H 20 , 
manganese dihydiotetrametasilicate. He called the mineral agpoUte, from ayvoem, 
not reeognized. 'The mineral belongs to the trielmic .system; the cleavage is 
parallel to the length of the fibres. Tin; sp. gr. if 3'054-3'067, and the hardness 5. 
According to F. Ulrich, agnolitf is identical with ir.esite. J. Jakob described 
tinzenite from Val d’Sn.', Graubiinden, a;j a yellow manganese silicate with the 
composition 2 Ua 0 .Mn 203 .Al 203 . 4 Si 02 ,,an(l occurring in monocliiiic crystals with 
the iniliees of rofraption a—1'69.^,. )3—l'7t>l, ;>nd y--l’704; and the optical axial 
angle 21'—62° 43'/. , ' ‘ . 

A. G. Werner applied the (erm carpholite or karpliolite —from Kapdpe, 
straw—to straw-yellow ,crystals, of a minera'l he obtained in the tin mines of 
Sohlaekenwald, Boljomia. Analyses were reported by A. Steinraann, L. de KVminck, 
K. A. Lessen, F. Stromeyer, and G. A. Kenngott. The analyses correspond with- 
(Mn,Fc,Mg) 0 .(Al 2 ,Fe 2 ) 03 . 2 Si 02 . 2 H 20 , or, in the idealized case, H 4 CaAl 2 Si 20 io. 
Carpholite is considered to bg kjomorph^us with lawsonitc (q.e.), and to have the 
same constitution, making manganese dialumininm tetiahydiozjrdimeta- 
slUoaie, (H0)4MnAl2(Si08)2. "P. Groth 'wrote the constitutional formula 
Mn|Al(0H)j,l2(Si0s)2; and F. W. Clarke gave a formula like that for lawsonite 
Vith manganese in place “1 calcium. , n 

A. Mich^ L6vy and A. Lacroix said that the crystals belong to the rhombio 
system like lawsbnite ; H. Fischer said,they belong to the monoclinic system. The 
Crystals were also examined by P. Groth, G. A. Kenn'gott, 0. Miigge, and 
W. Haidinger. The crystals appear in radiated br,stellated tufts and groups of 
Bcieutar forms. The turning pfenc is (100). The optic angle is 2F=60° approx. 
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There is a dbtinct pleochrobm. The sp. gr. is 2'876-2'935, and the liardnoss 
5-5|. The birefringence b y—o=0'022 anU the optical character b negative. 
The wate* passes ofi at a red heat. The mintfal is^iot decomposed by hydrochloric 
acid, and it is decomposed by fusion with jlkali carbonates. 

In 17^7, M. H. Klap*itbanalyzed a garnet which ^e designated granalfomiijes 
Braunsteinen. It was obtained from Spessart, Bafaria, and hence F. 8. Betdant 
called it spmartine, and it is now known as spessartite or mdtwanese garnet. Several 
analyses lihve been made.i® , f’ 

' C. F. Rammebborg 20 deduced tho formula (C'a,Fo,Mn) 3 (Al,Fe) 2 ( 8 i 04 ) 3 ; 
and in the Tdealized case, spessartite is manganese dialnminiam triorthosilicate, 
Mn 3 Al 2 (Si 04 ) 3 , with bomorphous admixtures of other garnets— t'tde grossuhir. 
H. B. Bocke concluded that there i^&continuous series of mixed crystals between 
spessartite and almandine ; but there is an extended break iif riie scries between 
spcssarliite and pyrope. ’ f , • 

Spessartite occurs fh granite, quartzite, and some schists. \V. Cross reported 
it in rhyolite focks. A. Gorgcu obtained spessartitf by fusing a mixture of pijie- 
clay and an excess of manganese chloride. 0. Doelter and E. Hussak heated a 
mixture of alumina and sjlica iif the pfoper proportiolis along with an exci'ss of 
manganese chlorfde, *and obtained tephroite, rhodonite, and mangani^o garnet. 
L. Bourgeois abo reported the formation of spessartite,by fuspug a mixture of the 
constituents; this, however, is doubtful because his product.wns solnbh?in acids. 
He may have made mangancse-leiieite. ^ ^ 

The crystallographic properties are indicated in connection with grossular. 
The colour is ycUow, or reddish-brown. The sp. gr. ranges from .I'T" to 4'27. An 
increase of ferric oxide in place of alumina raises the sp. gr.; and* an increasj of 
calcium in place of manganese lowers the sp. gr.; the hardness yaries from 7 to 7J. 
('. Doelter andE. Hussak found that manganese-garnet decomposes when melted, 
forming rhodonite, tephroite, anorthite, and a glas.s —ride grossular. R. C. Sabot 
found the indices of refraction for Li-, Na-, and the Tl-light to be respectively^ 
1-7981-1-8099, l-79!t8-l-8145, and l-8046-l-819r). E. Rcymond studied the action 
of chlorine and of hydrogen chloride on the mineral. 


W. Itaidinger described a raonoclinic mineral from tile auriferous sands of Olalipian, 
I'ransylvania. It was called partschite —after J’. I’artscb. A. Hreitliaupt previously 
mentioned tliis as an nnbekennten Mineralicn. Its composition approximates to tliat 
of spessartite, (Mn.F^j.AIjtSiO,),, with which it appears to be isomeric. 'I'lio axial ratios 
are r<; h; c = l'266* 1 ; 0-817. The sp. gr. is d'tWO; VV. E. Ford gave 4-180. The hardness 
IS 6t-7. • 


A. Haraberg,-* obtained fsliated or micaceous bfbwn crystals of a mineral from the 
mine at Harstig, Sweden; he regarded it a% a mongono-jcoittc, sad calloil it yanopAylfifs— 
from ydvos, lustre; t&vA\or, loaf—in allusion to the high lustre on the cleavage plates. 
The analyses correspond with 7MnO.ALO3.8SfO,.0H3O,^hieh F. VV. Clarke formulated 

• * • • 

, Mn^5,.„ HidVM'' » 


It IB p9obabIy a mixture of several silicates. The short |?rismatic cryHtala belong to the 
monoc(lnio system, and have the axial ratios a ;b : c=0‘4130: 1: 1^309, and ^=86° 30'. 
*The basal cleavage, like that of miga, is perfeet. The poreusBion figure is a six-rayed star. 
The optic axial angle is 2.fi?=41* and 2K=a23® 30' for the red ray,*end 2fii=»41'* 53' and 
2Kaa23‘’ 52' for the yellow ray. The indices of refraati 9 n are for tlie rtxl ray, a=16941, 
/5=sl’7260, and y:*r7264; and for the yelliJw ray, <f=»l'7046^ ^=*1*7287, and y=ar7287 ; 
E. 8. Larsen and E. V. Shannon gavp a^l 603 1*573; ^=:r693 1 603; and y=l 593- 
1 604. The optical character is negative.. The sp. gr. is 2 *84, and the hardness 4-4 J. 
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§ 58. Iron Silicates • 

W. A. Lampadius.i N. 6 . Sefstrom, W.,S. IJattejson and P. F, Sunmiprs, 
and P. earthier made a number of observations on 'the fusibility of* fer¬ 
ruginous slags, and artificial products containing 4 P(? 0 .Si 02 , ferrous orllmilicale, 
2 Fe 0 .Si 02 ,» or Fe^SiO^f and^ fefrous metasilicate^ FtO.SiOj, or FeSiOs- They 
abo made ferric orthosilicale, * 2 Fc 203 . 3 Si 02 , or Fe 4 (Si 04 )^ and fmie metas^timtr, 
FcjOs-SSiPa, or Fe 2 (Si 03 ) 3 , and tested the fusibibty ofl.various other com¬ 
binations, Fe : CaO : Si 02 =l; 1; 1, 4 : 2 : S, and 1:1: 2 f FcjOa.sraO.SSiO.; 
2 Fc 0 . 8 Mg 0 ,l)Si 02 i 3 Fe 0 .AloP 3 . 3 Si 02 * and FcjOj: AI 2 O 3 : Si 02 = 1:1:3, 



Kio. 196.—Formation Tompora- Fir.. 197.—FormrfllowTom- 
tuTOS oi Ferrous Silicates. poratures of ^''oO.CaO.HSiOj. 


11 lid 1:1:6. P. Berthier said that the, two ferrous silicates melted ea.sily giving 
a mass containing rectangular prbmatic crystals. The molten silicate, readily 
penetrated a clay crucible. There was no evidence of the formation of the two 
ferric silicates, and P. Berthier assumed that the ferricpxide waS reduced to ferrosio 
oxide by the gases of the furnace. J. Percy abo recorded some observations on 
these products. J. W. Mellor found that the softening temp, of clay was lowered 
from 1710°-1160' by the introduction of 28 per cent, of ferric oxide. R. Rieko 
investigated the fusibility of clay and ferrous oxide in a neutral atm. II. 0. llof- 
man, and H. Steifo measured the temp, of formation of the ferrous silicates and 
calcium ferrous .silicates, and the results by the latter are illustrated on Figs. 196 and 
197. The latter diagram refers to the FcO : CaO=^-2 :1, in admixture with varying 
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C. G. Gmelin * found modules of a black mineral in the volcanic rocks at 
Fayal, Azores, and he called it Walite. The same mineral has been found in a 
few^other localities-fSliew!carrach,»Ireland; the Yellowstone N^tioial Park; 
Cheyenne Mountain, Colorado; Lipari, Iceland; Cerro' de las Navajas, 
Mexico; etc. Analyses were reported by C. G. Gmelju. C. P. Rainmelsberg, 

R. v^n Pellonberp, T. Thom*son A. E. Delesse, F. A, pooch, A. Schertel'E. Classen, 
E. Mitscherlich, J. H. 15. Vogt, F. Bothc, B. Kosmann, H, Laspeyres, G, 0. Smith. 

S. Weidman, S. L. Pt4ficld and E. H. Ffrbes, K. Busz and F. W. Rusbergy A. Harpf, 
W. E. Hidden, J. B. Mackintosh, D. Lc^visato, M. Kispatic, and J. Sollner. The 
results jhow that in the ideal case, the mineral i» leiirottS orthosilic^i Fe 2 Si 04 . 
In some cases ferric oxide is present. The so-called manganese-fayalites have up 
to about 9 per cent, of MnO, probably in ^lid soln. 'as manganese orthosilicate; 
those wth zinc octliosilicate are called zinc-fayalites — vide infra. The occurrence 
of fayalite in slags and (Vho^ fiiri^c# products has been frequently recorded.' Thus, 
N. Sokololf found fayalite in roa.steffc8iliceou8 earths, in bla#„ furnace slags, in slags 
from cupolas,*in converter slags, and in slags from copper furnaces,* Observations 
on this subject have been made by F. Mitscherlich, C. W. C. Fuchs, J. J. Ndggerath, 
C. T. .Jackson, W. H.’Millflr, F. Bothc, M. Donderff, B. Kosmann, J. ,1. Ebelmen, 
A. E. Arneld, C. 0. Trcchmann, H. Laspeyres, A. W. Slelznfcr, G. Bellinzona, and 
J. H. L. Vogt. A, Eacroix observed that a slag was formed during the eruption 
of Mt. flelee, Martyhque, &y the melting together of the andesite walls and the 
iron contents of 8 warehouse. The slag contained fayalite, magnetite, and glass. 
By hoiffing a mixture iff ferrous chloride and silica in a current of hydrogen 
charged with steam, A. Gorgeu obtained crystals of fayalite. 

Fayalite oucurs in minute crystals of tabular habit, and also massive. The 
colJur is light yellow and transparent, becoming opaque and dark brown to 
black, and often irfdescent on the surface owing to oxidation. The crystals belong 
to the rhombic system, and, according to S. J;. Penlield, have the axial ratios 
a : 6: e-0’4,'384 : 1:0'bTbS; J. Sollner gave 0'46(K): 1:0'5811. Observations 
*011 the crystals were made by M. Bauer, and many of those who studied the fayalite 
in slags. The cleavage (010) is distinct; (100) is less so. H. Michel studied the 
zonal structure in some artificial crystals of fayalite. J. Sdllner found the optic 
axial angle 21'’=61° 1' .'if)". S. L. Penfield and E. II, Forbes gave 211- 51° 27' 
for the Li-ray, 56” .12' for the Na-ray, and 55° 2' for the Tl-ray. The reported 
values for the sp. gr. of fayalite range from 3’90-4'24, and thoOardness from 6J-7. 
According to (J. Doelter, the m.p. of fayalite is ]055“-1075°; 0. Kcil and 
A. Damniann gave 15(K)° (Fig. 198). E; Kittl'found that the glass developed 
220,000 nuclei per sq. cm. in tfrystalhzing. V. .Pdsclvl measured the sp. gr. and 
m p. of mixtures of fayalite, Fe^SiOj, and of forsterite, Mg^SQ.^and found 
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He also studied ths ternary system; forsteritli-fayalite-lime olivine. .7. febllner 
gave for the indices of refraction for the yellow Hg-line, a=l'8044, )3=1'8382, * 
and y=l'8462 ; aiitl S. L. Penfield and E. H. Forbes gave a-.=l'8236, j3=l-8642, 
andy=1'8736; hndfor the strong birefringence y—a=0'05(T. The optical character 
is negative. Fayalite dissolves in Ijydrochloric acid with the separation of gelatinous 
silica. This sidiject was investigited by J. bj.' Thiele. 

J. J. Bernbardi and E. Branded® referred to a compact greenish-yellow 
ubnetsl with an opal-like appearance w,hiclr they called cAforopof—from ;(Acopdf, 
green; and opal. » ' , 

ft * a 

, The mineral wat obtained from Unghwar, Uimgary, and was tienhe called uttffhwarite by 
E. F. Glooker; P, Berthier called a yellow orgreenish-ydilow variety with an unctuous feel, 
nontroplte, from Nontron, Dordogno„Fmnce, where it was <ound. A. Breithaupt called a 
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greenish variety with a soft soapy feel, pt/ipwife—from pin^h, fat—it was analyzed by 
0. M. Karsten. It was obtained from Wolkonstein. ^xony. J. C. Freiesleben called a liver- 
brown variety from Halsbrucke, Freiberg, FetM; and A. Krantz, C. Bergemann, and 
A. H. Chufth called a^grass-green variety jfranwniA—from grass—it was analy zed 

by C. Bergemann. A. Knop described a brownwh-yellow inr^erfoctly characterized silicate 
occurring A cavities in the limburgyte of Sadoatch, Kaiserstuhl. It was called glasurUv 
in allusion tb its occurrfng in layer# glazing the interiiy of the cavities. He dcscribetl 
another leek-green variety occurring under similar condiljjong as proiomntiinUf. 
J. F. L. Hausmann described a fibrous yellow mineral from Antarip l’ereira> Mines Urm's, 
Brazil, ea ^nthosidtrite — av$os, flower; and o^T/poy, iron. U. ft. K. Selinodennann’a 
analysis agrees with the formula 2 Fej 03 . 9 Si 0 |, 2 H 2 (); F. \V. C’larke gave FedSi^Ods 2HjO. 
F. Zaniboniniapplie^ the terra mfjJlfrUe — aixer H. Miillor—to a massive yellowish-giecn 
mineral from Nontron, Dordogdo, Franco, w-itU a lower proportion of water than dfilorojial 
or nontronite ; otherwise it closely resembles this mineral. Analyses were also reported 
by C. F. Bammelsberg, and M. Weibull. ^Tho fonnulai are mullerite, Fod)s. 2 Si 03 . 2 KjO ; 
and nontronite, FegOj.SSiOj.fiHjO. F.AV. Clarke suggests t4iat miill^nie is ferric jnetaslll- 
C4te, F(%(Si 03 ) 3 . 2 H 20 . Since the name iniillorito bad been previously given for anotlier 
mineral, M, Bauer propo^d the term zambomnitc. h^Katzar described a green granular 
or scaly earth from Kritz, Bohemia; it was namofl /iw/m/c—after H. Hoofer. It elasoly 
resembles chloibpal or nontronite. Its composition approximates Fe2t33.2}Si()j.3H,(). 
F. Katzor said tliat hOforite is dew ralmU. hwjcizt hekantUe naturlkhci Khcnojriulhjfdmsiliaii. 
The sp. gr. is near 2 4, and its hartlnpss 1-3. , • 


Analyses were reported byj. J. Beriiliar<li anil R. Braudes, F, Hiller, T.*l'hcimson, 
('. von Hauer, P. Bertliicr, P. A. Duftuioy, V.^ A. Jacqiielniii, K. Biewand, 
('. M. Karsten, J. H. Collins, H. Mehner, A. Helirauf, A. H..CIiiircli, M.'Weibidl, 
F. von Kobell, A. Liversidge, E. F. Smith, ].. N. Chapell,^!!. Miiller, 11. Stjjdlinger, 
C. von .John, F. Kovar, E. Wcinsclienk, (J. Steiger, etc. The resnlts are not very 
concordant. The .silica ranges from yG'OO- 48’59 ; the ferric o.xide from ll'Ol -36’41, 
and the alumina from 0-75-2.5-95; water from l.'j-71-2rr4l per cihit. along rvilh 
a little ferrous o.xide, magnesia, and lime. The mineral appenrs to he related lo 
kaolinito, with ferric oxide in place of alumina. E. \V. Clarke gave for cldoro])al 
Ec 2 (Si 04 ) 3 He. Idealized nontronite, aecording to E. Weinsehenk, and E. T. Wherry 
and G. V. Brown, has the composition Fe. 2 O 3 . 2 SiO 2 . 2 lLO ; altliough usually tli«, 
actual composition is often nearer F. von Kohell’s FcoOj.38102. 2 H 2 O, which 
resembles that of mUllerite— I’ide infra. T. E. Thorpe gave for nontronite 
Fe 2 O 3 . 3 SiO 2 . 5 H 2 O ; and A. Bergoat, 2 Fe 2 O 3 . 9 SiO 2 . 4 H 2 O. These minerals range 
in composition between ferric kaolinito ami a ferric halloysite. A. Lacroix de¬ 
scribed a fnineral,/oratsfAflc, (Al,Fe) 203 . 2 Si 02 . 2 n 20 , from Faratsiho, Madagascar, 
with refractive imrices rather higher than those of kaolinite. Chloropal is an 
earthy mineral, efr corapact-liko^opal; it lias a light green colour which becomes 
dark chestnut brown when ihc water is expelled. There is no evidence of crystal¬ 
lization. .The sp. gr. varies *from ,l'727-2']05; apd, the liardness 2J-3J. 
E. T. Wherry {fnd 0. V. Brown gave for the refractive indices a 0-595, /S "1-595, 
and y=l-G20. It is partly decomposed by hydrochloric acid.^ C. Simraonds found 
that chlorop^ is completely reduced hy l^iting^it to redness in hydrogen. 
J,W. Mellor found the heating curve gave a terrace at about 150°, and he inferred 
that nontronite probably breaks dofrn at that temji. into free silica, free ferric oxide, 
and vfeter ; 0. Tammann and C. £. Grevemeyer alsoliarflo to the same conclusion, 

• and added that nontronite became yellow at 100 °, brownish at 950°, brown at 800°, 
and reddish-brown at 800°-900'*. It lost 78 jier cent' of its w^tcr at 100 °, none at 
]00°-200°, and the remaining -fratcr was lost couldnuoualy between 300° and GOCf. 
Ten pet cent, sulphuric acid dissolved olit O-OIipcr cent, of iron at 20 °, and 1-73 
]iet cent, in the mineral calcined at 1000°. H;,von Wartenberg represented the 
action of chlorine on the heated mintiral bif 3 Fc 2 Si 04 -l- 3 Cl 2 =Fc 4 (i 5 i 04 ) 3 -f 2 FeCl 3 . 

* ' * . * 

J. E. Spurr * classed a mineral os gliucoNite yliich C. K. Leith, a nd H . N. Winchell, 
and F. W. C arko fovnd to be free from potafwium and the chefiical compeBftJon to approxi¬ 
mate o Fe 9 i 03 .«Hj 0 . TIio colloidal piinertU was called ^rccnahVc. Cl. R. van Hise and 
C. K. I^eith showed t|Jat a similar product il obtained by reactions between soln. of ferr^s 
salts and the hydrogel of silicio ^id. A little ferric iron is present in both the natural 
and artificial products. A bldck or dark brown contact eorthy mineral found in^yarious 
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parts of Norway and other eountries waa called hisingerite —after W. Hiainger—by 
J. J. Berzeliua.* It was analyzed by P. T. Cleve, A. P. Thorold, C. F. Rammelaberg, 
F. W. Clarke, G. M. Schwartz, M. WeibuU, P. Suatachinsky, A, H. Church, A. Nikolajefl, 
and.L. J. IwanoS. ThefohnUa a^prozfeatee to H,Fo,SiiO,.2H,0, or Fe,0,.2850,,4H,0 ; 
E. 8. Simpaon repreaented it Se,0,.2Si0,.2H,0+ad80rbed water. The index of refraction 
is 1'40-1'63, A variety occurring at BegdtO, Finland, was calM (kgerdite by U. J. Holm- 
berg ; a variety from Wilmkigton, Delaware, was dalled con^ife by A. C. Hawkins and 
E. V; Shannon—half tte water being lost at 110°, (ae analysis was sununarized by 
H,F6"',Si,0,.2H,0: the indices of refraction were a=l’662, ^=1'580, and y=l'682, but 
marked variations we^bserved j the optjc axial angle was small and the optisul character 
negative; a dark gpeemor block variety with rather iess water than hisingerite, was coiled 
akotiolUe—itom oKiruts, dark—by A, E. Aippe. A non-homogenapus eakh containing 
about If B per cent. MnO, and occurring at Vestra Sdfbdrg, Sweden, was called mangan- 
hisingerite by M. Weibuil. An earthy mineral from the gilling mine, SOdermanland, 
Sweden, waa called gilUngite by W. Hisinger. ,It waa analyzed by C. F. Eammelsberg. 
A variety from Bpi^nmais, Bavaria, thraulite —ffom ipavXos, fragile—by F. von Kobell; 
another variety from the same Iocality,was colled yoHyte—after G. Jolly—by F. von Kobell. 
J. P. Cooke called a reddikh-klack Airth from lyiineral Hill, Pennsylvania, melanosiderite — 
from(ifAas, black; and olSypes,iron, llleanalysis agrees with Fe,fe 04 . 6 Hj 0 . F.A.Gentli 
, suggested thal2 melanosiderite is a variety of limonite with colloidal silica or silicic acid 
as an impurity. J. Krenner described a massive black earth occurring at Avasthal, Hungary; 
and he calM it avasi/e. The composition approjjmates !)Fe,0j.2Si0|.9H,0, and it 
is probably limonite admixed with silicic acid. • , , 

• 

A. Scacchi * described a mineral resembling olivine which ho found in the 
Vesuviait lavas of 1^31, near Bapa di Sabataniello. Analyses show that it contains 
calcium and ferrtus orthosilicales in isomorphous association (Ca,re) 2 Si 04 . The 
crystal8*^cro examined by E. Scacchi. E. Kittl found the glass in crystallizing 
developed 240 nuclei per sq. cm. Analyses were made by H. Struve, S. L. Penfield, 
W. G. Mixter,,and C. H. Warren. S. L. Penfield and E. If. Forbes gave for the 
opfic axial angles 2//=76° 59' for Li-light, 76° for Na-light, and 75° 46' for Tl-light. 
The sp. gr. is 3'91,’and thc.hardne.ss 6-7. The limc-iron-olivinc of ,T. H. L. Vogt 
has a similar composition. The rhombic crystals have the axial ratios a:h:c 
--0'43663; I; 0'57832. The colour ranges from colourless to palo brown. 
'W. T. Schallcr reported on a sample of a red mica-like mineral which ho called 
gillrspile- -after F. Gillespie, who found it near Dry Delta, Alaska. Its composition 
approximates barium lerrous tritertetrasilicate, BuFe,"Si 40 io; its sp. gr. is 3 33; 
its hardness 4 ; it is optically uniaxial; its birefringence, is low; and it is strongly 
pleochroic. C. T. Jackson found crystals of a manganous variety, (Ga,Fc,Mn) 2 Si 04 , 
in some blast-furnace slags. The hyalo-siderile of F. A. Wakhner ^ is a mixture 
of magnesium and ferrous orthosilicales in isomorphous association, and approxi¬ 
mately (Mg,Fc) 2 Si 04 with Mg’: Fc=--2 :1; likevfise also the mineral named by 
G. J. Brush,* horlonolite —afterift. R. Horton—.from the iron-mine at Monroe, 
New York. Observati6n4'by G. J. Brush,' and J. M. Blake show that (he mineral 
, is intermediate in oompositioit between'olivine and fayalitc, for the ratio Mg: Fc 
is nearly 1:1. The rhombic cr 3 'atals are ycdlow or yellowLsh-green, and have 
the axial ratios a:hl: c=0'466.30": 1! 0'5803. The optic axial angle 2//a=83°-86°; 
the sp. gr. is 3'91; and the harfiness 6-7,. G. T. Prior found the silicite 
(Mg,Fc) 2 Si 04 with Mg: F(v=3:1 in the meteorites of Barotc, India, and Witterlfrantz, 
South Africa. ., 

K. Hofmann-Deg^n obtained a kind of olivine in cavities in the slag at the Clausthal- 
ailvor works. The composition approximates (Fe,Ca)|Si 04 wifh about 2 per cent, of 
the magnesium ;filicate, and 6 per'cent. of ealcimn orthosUicutes. The axial ratios are 
o: b: cssO'4371:1:0‘B768,'and reftactive indices for Na-light, 0=1-6958, ^=1-7340, 
y sal’7430. tt * 

J. W. Dfibereiner* applied the t6rm iwehejtfe—after M. von Knebel—to a 
mineral which, according to J. F.'’L. Hajisminn, and G. A. Kbnngott, was derived 
from the graJiite of Ilmyneau. It* has been observed in other localities. The 
mn-knebelite or i^ehtromite of M. Weibuil ;^as obtained from N/)rrbarke, Dalekarlia. 
Atislyses were reported by J. W. Dobereiner, A,, des Cloizeaux, M. Weibuil, 
A. Erdniann, and F. Kossmat and C. von John. The results show that the dominant 
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constituents are mangaium and ferroits orthosilmtei io isomorplious association, 
(Mn,Fc) 2 Si 04 . K. Buss and E. W. Riiaifierc found knebolito in furnace slags. 
Accordin^to M. Waibull, the black rhombic crystals hkve the axial ratios « :>b : c 
=z0'467 :1: The crystals are plcochroic.* A. des Cloizeaux gave 2A'==115°-12(f 
for the optic axial angle. Th» sp. gr. is 3'93-4 J,7, and the hardness 0-7. 

P. B. W. Oeberg gave 0‘1665 for the sp. ht. '* . * 

W. T. Roepperi® described an iron-maugancse-zinc-ebrysohte occurring at 
Sterling HJU, and at Franklin Furnace, Ncwffersey. J. D. Dafia called it roepperite ; 
and G. A. Kjpngott, sterlitigite (actually stklingite). The analysis by W. T. Roepper 
corresponds with a iaixture aifefrous, matiganous, zinc, and magtmium orthasUicates 
in isoinorphous association., The colour when fresh is pale yellow, but it darkens 
on e.xpo 3 ure to air, becoming green and black. The crystals belong to the rhombic 
.systen^ The (001) and (010) cleavages are distinct; (iOO) is spfiiftery. Tlfe sp. gr. 
is 3-95-4-08, and the (jfirdness 5J-6. The crys'tefc areelightly negative, and tliey 
are decomposed by acids with the separatioif of gelatinous silicic acid. E. Kittl 
found the glass FeMnSi 04 developed 10 nuclei per sq. cm. W. Stclzner observed • 
foliated aggregates of tabular crystals of a zinc-fayalite in,the zinc-furnace slags 
of Freiberg. Thq anqlysiscorresponds viith an isomorpfious mixture of ferrous and 
zinc orlhosilicates, (Zn,Fe) 2 Si 04 . . * 

According to A. Cronstodt.n a cross majjo'of two brown sjx-sided crystals of a 
mineral, called lapis crucifer, or Easier Tauffstein (baptismabstpne) was’ worn as 
an amulet at baptisms in Basel in the eighteenth century. , According to G»F. Kunz, 
to-day the lapis crucifer is worn as a charm in Brittany and other places, (f P. G. do 
Robicn called the mineral pierre de cruix; A. t'ronstedt, and J. G. Wullerius, 
hasalles crystallisatus; J. B. L. Romo de I’lsle, schorl cruciforme; J. (f. lJclaiueth<;rie, 
sUmrolile; H. B. de Saussure, yranalile; and R. J. Hatty, shiurolide. The term 
staurolite—from aravpis, a cross—is now generally employed. M. 1. Heddlo 
described a reddish-yellow mineral from Milltown, Scotland, as xantholUc from 
favOds, yellow--but A. Lacroix showed that this mineral is staurolite mixed willk 
some mica. T. Thomson called it cnicile; and G. A. Kenngott altered the term to 
ermilite. 

Analyses were made by H. V. Collct-Descotilsjf'^ L. N. Vauquelin, M. II. Klap¬ 
roth, and many others. C. \V. PaykuU analyzed a sample from the dolomite of 
Nordmark, Wermland, Sweden, and found ll'Gl per cent, of 110304 , and 
it was called manyanese-slaurolite or nordmarkite; while F. A. Genth found a 
sample from Georgia with 7'13 jwr cent.,of zinc oxide, and it was called zinc-stauro- 
hte. From his study of th» analyses, C.'F. Ram*nelsberg assumed,that the mineral 
was a mixture of a salt of the sillbic aciij, HgSiOj, and ajjiyalent base, and a salt of 
the silicic acidr HjiSiaOm, and a tervalent base. ,S. L. Penficld and J. H. Pratt 
deduced the formula HAljFeSiaOn, j>r aluminium fenoxstetraluminjrldiortho- ' 
Silicate, (FeQHKAlOliAlfSiOila. T. Groth .j^we (A 10 H)(A(, 0 ) 4 Fe(Si 04 ) 2 ; and 
\y. Friedl, (Fe.Mg) 6 Al 6 (A 10 )i,( 0 H) 4 (Si 04 )ii. F. W. Clarke represents andalusite 
by the formula (Als 5 Si 04 ) 2 : Al.St 04 S 2 (A 10 ) 3 , and for the staurobte he gives 
Fe : f(Si 04 : Fe)-Al={Si 04 • (AlO) 3 l] 2 , in which #omb Fo" can be replaced by 
• (FeOH) 2 . ... ■ . 

Staurolite is found in many*metamorphic schists-—e.j. muscovite or paragonitic 
schist—and in some gneisses or Hates. It is often ^sociated with garnet, sillimanite, 
cyanitc, and tourmaline. . H. St. C. DeVille anal li. Caron obtained what they 
called staurolite, by the action of silicon tetrafludiide on a heated mixture of alumina 
and quartz; but H. St. C. Devillc shbwed (^at the product really Had the composi- 
tion of sOlimauito. .P. HautefeuSle J. Margoftet also said they obtained in lijeir 
work on the synthesis of phosphates a suftstaice resembling stauraJite. In neither 
case is tha evidence sufficient to ^estab^h the claim* that staurolite has been 

synthesized * * ® 

The colour of staurolite n&y be reddish-brown, yellowish-brown, or brownish- 
black. The crystals commonly have inclusioiB—quartz, garnet, cyanitt^ mica, 



910 


mOBGANIC *AND THEOBETICAL' GHMISTRY 

toiirnialine, magnetite, rutile, carbonaceous matters, etc. Tic qiisH/ 
said A. von Lasauix,^^ may anioun^ to*30~40 per cent, of tie'total weight of (lie 
crystals. This is suificient to accounf for tie grout variations—ramounting to 27- ,'il 
per cent.—in the proportioit of sii’ca r(g)orte(l in the analyses. Tie carionaceou.< 
matters may be regularly arranged, producing a tjsselJated^ippearance when viewed 
in crftss-section, and rMalJing^the effect observed ifith andalusite. This subject 
has been studied by,fi. L. Pcnfield and J. H. Pratt, A. Lacroix, S. Webber, and 
C. T. Jackson. Euhidral crystals occttr in short prisms, crystals also ticcur with 
rounded edges but seldom in anhedral grains. W. Phillips gave measujpments from 
which A. des Oloizeaux calculated for .the axial'ratios of thS rhombic crystals, 
o : i: c=0'4734; 1; 0'6828. Observations on the, crystals were made by 
M. J. Ackuer, G. Primics, C. F. Peters, N. voft Kokscharoff, J. R. Blum, E. J. Chap¬ 
man, Gn a. Kcim'gfitt, A. Jes Cloizeaux, B. Studer, A. von Lasaulx, P. Tprmier, 

0. Luedecko, G. GuricH, E. S. l|i)ana, C. F. Rammelsberg^ F. A. Gcnth, V. von 
Zopharovich,^P. Grotb, and Comte*de Limur. The crystals comqjonly occur as 
• cruciform twins; when the twinning plane is (032), the twins cross nearly at right 
angles ; when it is (23ij), the twins cross at nearly 60°; and in the rarer case, when 
it is (230), the i-axes make an angle of 70°i45|'. 'Sometimes .the ^winning does not 
affect thetiutward fcirm of the crystals, and the optical properties alone show that 
twinning has taken place.. Tjillings sometimes occur. The cleavage parallel to 
(010) is distinct liuh interrupted; traces occur parallel to (110). A. Michel-Levy 
and A. J/icroix gave for phe optic axial angles with red light, 2 //b= 113° 10', and 
2Fa=88° 46'; F. Ifonier gave 2F—82° 2'-89° 45'. A. des Cloizeaux gave 
2//o=I17° 52', and 2F(|-91° 39'. The last-named found that by raising the 
temp., the optfe axial angles are perceptibly diminished. The sp. gr. of staurolite 
ranges from 3'4-3'8; F. Horner, using E. Clerici’s liquids, obtained 3'753-3’778 ; 
and C. F. Rammelsberg, 3'e54-.3’660. 'rhe hardness is 7 or over 7. E. Cusack, 
gave 1115° for the m.p.; and A. L. Fletcher, 1165°. G. Spezia made some observa¬ 
tions on this subject. The indices of refraction are high. A. Michel-Levy and 
A. Lacroix gave for red-light a=l'736, |3—1-741, y--l-7166; W. H. Miller gave 
j3.-l-7526 ; A. des Cloizeaux, 1-749 ; and F. Horner, a-1-7344-1-7640; )3=l-7399- 
1-7600; and y—1 7033-1-7733. 'The birefringence is low. A. des Cloizeaux gave 
y—a-—0-010, and y-p—0-003. The optical character is positive. Thcpleochroism 
is distinct and was studied by 11. Eoscnbusch. 

Staurolite is imperfectly decomposed by sulphuric acid. S?surolite alters into 
muscovite. C. Simmonds fouml.thnt staurolite doqs not show any 'definite reduction 
by hydrogen at a red heat. Tim. alteration of staurolite in nature has been dis¬ 
cussed by J. li. lilum,'i’,4^Pichlcr, H. Rosqnbusclf, and C. R. van Hise. , According 
to F. W. Clarke, the alleged ^Iteration of staurolite into steatite Is questionable. 

' J. Lemberg studied the action of soln. of sodium silicate at 200° for 586 hrs.—part 
was transformed info analcite, ar.J'yart into a hydrated sodium silicate. 

Pliny in his Historia mluralis (37. 25) refers to various kinds of carbuueuli; 
and added that the Alabaudic stones from Orfhosia, Curia (Asia Minor), were cut 
and polished at Alabanda'. 'The stone from Alcbanda appears to bo the common, 
Syrian, oriental or pfevious yarnel, and, in the Middle Ages, the name Albanda came . 
to be applied to a cpstly stone—the garnet, ruby, topaz, and hyacinth. The term 
was corrupted and appears in various forms in thS writings of the Middle Ages— 
damavdina, damndina, a.nd atmrdina; tJ. F. B. Briickmann,i* indeed, attempted 
to derive the term from Allemandj'. D. L. 6. Kartsen applied the term almandine 
to the ferrous-jfarnet, and J. J. Berzelips, Fdhlun Grand. 

wNumeroiis'analyses havcLeen reported; anb from them 0. F. Rammelsberg,*® 
and J. Uhlig dfiduced the formula (Fo,Mg) 3 (Fe,Al) 2 (Si 04 ) 3 . In the idealized case 
almandine is regarded ah lenons dikuminiom trior&osilicftte, FejAljfSiOBls, 
aq.d the presence of magnesium and ferric-iftm are supposed to bO due to isomorphous 
admixture with magnesia-garnet and a ferric-garnCt- vide grossular. Almandine 
oocurs'in granitic rocks, gneisses, etc. 
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The properties of the crystak have ako been discussed in connection with 
grossular. Almandine is coloured various shades of red, brownish-ted, and rarely 
bkek. We sp. gr. yanges from 4T-4-3. M. ScebAh found the sp. gr. of a sayiple 
crystallized and fused were respectively 4 0J, and 3 09 at ordinary temp.; another 
sample gav^ rcspectiv*!)* 4 025 and 3 ‘240. W. E. Eor^ gave 4'250 for the sp. gr., 
and P. J. Holmqukt, 4 039-4!'201; and for the hiAdness.on the (lll)-face,»1058 
(quartz on the (OOOl)-face, 1000); on the (llO)-faee, 1159 f and on the (lOO)-fuco, 
1246. Tift hardness is 7-7J on Mohs’ scdc. J. Joly gavy'’for the m.p. inh”; 

R. Cusack, 1265°; A. L. Fletcher, 1313%1318'; A. Brim, 1070°; and C. Doelter, 
1110°-1215‘? There is no true mfp. because, as 0. Doelter and E. Hussak showed, tlie 
mineral decomposes when it is melted—tide grossular. A. des Cloizeau.\ found 
1-7716 for the index of refraction, jl), Rosenbuscli gave for Li-, Na-, and Tl-light 
respectively 1-8022-1-8052, 1-8078-1-8107, and 1-8125-1-8159; C. 8t-limidt, 

1-7958, 1-8017, and 1-8062; A. Brun, l-787-f-7^, l-JOKl-SOO, and 1'805; and 
M. Scebach, 1-7722-1-7^3; 1-7778-1-7936, iBidT-7858-1-7866. W. E. Ford gave 
1-830. The aftcrations which almandine undergoes in nature have (Seen discussed . 
by J. R. Blum,i“ J. Roth, E. Helland, C. W. Paijkull, and II. 0. T. Waehtmckter. 
The action of chlorine an(J hydibgen cljloridc on the heate’d mineral was studied 
bv E. Reymond. ’ ‘ • 

J. B. L. Rome de I’lsle referred to uae especo de sclioii violet from St. Cristopho, 
Dauphiny; A. G. Werner called a variety from Thuin, Sa,xnw, Tliuiiferslem, a 
name later changed to Ihiiniite ; J. F. Blumeubach called itO’lasscliurl: J. tl Delaine- 
theric, yanolilc —from IdvBov, violet; A. Estner, AJlerschdd; M. II. Klaproth, 
Gksstein; and R. J. Haiiy, axinite— from nfiVq, an a.\e -in allusion to the 
broad acutc-edged form of the crystals. • ^ 

Analyses were made by M. H. Klaproth,-' L. N. Vauquelin, W. Hisinger, and 
many others. C. F. Rammekborg attempted to deduce a formula and obtained 
H4R"8R"'88iii044, supposed to bo a complex, containing U4Si04-) 4R''jjSi04 
-f-2R"'4Si308. Empirical formula) were ako proposed by J. E. Whitfield^ 
0. Luedccke, W. E. Ford, P. Jannasch and J. Locke, etc, H. Sjiigren gave 
R"4(Si03)6: Al.BOj; and P. Croth, (Ca.,Mn,Fe,Mg,ll2)7B2(Al,Fe)4(Si04)8. 
U. Cesaro regarded axinite as a combination of diortho-and nieta-silicates or eke 
a basic triple mctasilicate with B^O replacing some silicon. W. 1. bchaller concluded 
that axinito is really an isoniorphous mixture of two eomponents: fcrro-uxinilc, 
ALBHCa2Fe(Si04)|, and wnmyano-rtiindc, Al2B]lCa2Mn(Si04)4. If the boron be 
basic and eq. to aluminium, these two axinites arc to be regarded respectively as 
calcium dialuminium Jey\ous Vjoratoteti'orthosiluxite, and calcium dialuiMnium 
marujanous boraloletrorthosilicalt'; but if the noLon be ^acidic, hs it usually is, 

F, W. Clarke considers it to be a mixed ortho- and tri-silicate ; 

* • » 

‘m5j>Ai-ii(/4vAioii •; 

T. L. Walker and A. L. Parsons’analyses corjespond^ with ISRO.B^Os.lOSiOs, 
thus Slaking axinite a calcium jerrms mamjanesc alnhinium hurulusihcule : 



Axinite occurs in cavities in granite ^d diabase—c.y. Striegau, Silesia, and 
Mt. Monzoni, Tyrol. It k probybly formdd as a contact mineral ip the prescjice 
of calcium aluminowlicates. The miSeral ha^nSt been synthesized. C. Doelter 
found that if melted and slowly cooled, crystak Trembling adple are formed. 
It might possibly be obtained in a»dry,mclt if the right uyent mim'mluaknr were 
present; and possibly ako in p hydrothermal way. 

Axinite occurs crystaUiac and massive in Incite or granules. The c*dour is 
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clore-brown, plum-bluo, pearl-grey, boney-yellow, greenisb-yellow, and pcach-blos 
som-ted. K. von Kraatz-Koschlau'and L. Wohler *3 could not satisfy themselves 
that^anganesc is the^causc of the C(<our. The euhedral crystals areusdilly broad 
and acute-cdged, and rarely prismatij. The anhedral crystals are lamellar or 
granular. The crystals be|png to the triclinic ^stem; sceording to ,A. Schrauf, 
the axial ratios are a: J: c=l*6542:1; 0‘86415, and 0=96° 67', j3=98° 62', and 
y=103° 2'; and, according to A. Schmidt, o: 6 : c=M4936 :1:0'86601, and 
0=96° 57' 62", i3=91f 63' 39", and y=<.102° 61' 55". Observations were made by 

V. Goldschmidt, G. vom Rath, A. d#s Cloizeaux, 0. Luedeeke, M. Websky, 
F. 0. Ncu'nann, C. F. Naumann, F._ A. Quenstedt, A. Livy, It” H. Solby, 

B, W. Frazier, H. Buttgenbach, W. H. Miller, F. Hessenberg, J. D. Dana, 

W. T. Schaller, H. Sjogren, A. Oflret, jnd F. ’ Gonnard, E. T. Wherry, 
K. ZimMiyi, G. Aminoff, E.’M. Poitevin, and A. Franck. The cleavages parallel to 
fOlO), ((X)l), and (130) we distintt ;*the cleavage parallel to (111) less so; and the 
cleavages patjllcl to (lIO) and (Ozlfare in traces. Some faces are often striated. 

• A. des Cloizeaux found the optic axial angles somewhat variable even in sections of 
the same crystal. H(ifound, for red-light, 2H=7r38' to 87° 49'; 27=71° 38' to 
74° 17'; and 2E=153° 46'\o 168° 13'; while for tine-light, 2^=83° 28' to 87° 47'; 
2F=71° 59'; and a£=169° 49' to 172° 10'. A. Krejci gave 2F=c. 70°. The 
change with variations of temg. betWegn 21° and 171° was found to be very slight; 
.1. Beckenkamp ajpo*iound only about half a minute variation in the axial angles 
betweei|^0° and 200°. , 

The sj). gr. of axinite, according to C. F. Hammelsberg, is 3 294, and after 
fusion, 2'812; W. Ifaidinger gave 3'271; A. Krejci, 3‘22; and E. Grill, 3’314. 
W., T. SchallA found the sp. gr. varied with the proportion of contained 
mangancse—per cent. MnO— 

MnO . 1 06 2*90 9-60 10-71 13-41 13-69 

Sp. gr. . 3-268 3 287 3-299 3 302 3-300 3-358 

Iron oxide probably also has a great influence. H. Cusack gave 995° for the m.p. 
of axinite, but added that the mineral probably changes before it fuses. 
A. L. Fletcher gave 1046°. G. Doelter found axinite is decomposed by fusion— 
vide supra. 'The indices of refraction are moderately high. A. des Cloizeaux 
found 0=1-6720, j8=ri6779, and y-A-6810 for red-light, and a- :l-6850, ,9=1-6918, 
and y--=r6964 lor blue-light. The birefringence is low, y—a= 3-0090 for red light 
and 0 0104 for bluc-bght. A. Krejci gave a=l-678; j8=l-686; and y=l-688. 
The ploochroism of the crystals is well marked; It was studied by D. Brewster, 
W. Haidinger, A’, des Cloizeaux, 0. Luedeeke, H. flosenousch, and A. Bertin. The 
pyroelectricity of the crystals was studied'by R. J. Hauy, A. Ldvy, C. P, Brard, 

. P. Riess and G. Rose, W. G. Hankel, and G. Fricdcl and A. dc Graihont. Axinite 
also becomes clectrined by fricticn. G. A. Kenngott found that the powdered 
and moistened mineial has a st.ong a&alinc reaction; after calcination, the reaction 
is not so marked. Acids scara-ly afiect axinite; but after fusion, the mineral Is 
decomposed by hydrochloeic acid with the separation of gelatinous silicic acjd. 

E. L. Gruner fo'Jjnd asbestos-like or lamellar-fibres of brown mineral, which ho 
called pyroxene ferru^ineux, in the metamorphic schiets of Collobrihres, Dept, du Var. 
It was named by G. A. Kenngott, ginnerito. Analyses of gninerite from this and 
other localities by E. L. Gruner, Si l^rentz, and A. C. Lang and F. Sharpless show that 
its composition corresponds with lenous metasijicate, FeSiOs, plus a few impurities. 

C. F. Rammelslerg showed that chemjcally, ,and A. des Cloizeaux that optically, 
gruperite is related to amphibolic hornblende. E. V. Shannon obtained the iron 
ena-member of the authophyllitic 'ieges c4 mixed crystals, (Mg,Pe)Si 03 . He called 

' it iron-anlhop^ui^e. It o-jcjirs impure in the Cceur d’Alene district, Idaho. The 
colouc'of the mineral is white or pale brow?. The plane of twinning is (100). The 
cleavage resembles that of hornblende. A. Lacroix found the optic axial angle 
to be £ 5 = 95 °. The extinction apgle, according to A. llichel-Livy and A. Lacroix, 
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is ir-lS”. B. L. Gruner gave 3-713 for the ep..gr. For the synthesis of the meta- 
silicate, vide mpra. H. lo Chatelier gav« for the heat of formation PeO- 4 - 8 i() 
^FeSiOstS Cals. and FeC 03 -|- 8 i 02 =C 02 *-fFei 5 i 03 i- 7 - 6 *Cala. 8. WolMtlino 
gave (Fe(^Si02)=5-906 Cals. The index pi refraction and birefringence were 
stated by \ C. Lane s^j-J F. Sharyless to be high, for the mean index of refraction 
is 1-7, andy-o exceeds 0-030 ;>A. Lacroix gave y-a *=0 056j The rhombic crystals 
of iron-anthophyllite have a positive elongation, and the indices of refraction 
a=l-668, «id y=l-685. Grunerite is pleoi^iroic. 

T. G. Bonney 26 found a mineral resembling hornblende occurring in groups of 
prismatic cr^tals in the granite tfnd syenite of the Island of Socotra, Indian*Ocean. 
It has been reported by A. Barker, T. G. Bonney, G. A. Koenig, etc., in other 
localities. A. Sauer named it nehcef-ite—after E. Riebeck. W. 0. Smith found 
implements made of riebeckite among relics of ancient dwellers'near JeberKatul, 
SoudanT Analyses were made by A. Sauer, G! .A. Kamdg, E. Grill, J. Orcel’ • 
C. Palache and C. H. A'arren, and H. RosettluiBi-h. The mineral_^as studied 
by B. Gossner,‘A. Vend], 8. Kreutz, M. G. Murgocj, and V. de Souza-Rrandao. 
In the idealized form it is supposed to be sodium ferric dimatyilieafo. NaFeiSiOjl^, 
mixed with ferrous metasiljeate dnd possibly some microcline. It appro.ximates 
2 NaFc(Si 03 ) 2 .FeSi 03 .' Riebeckite is the amphibole representative of the^iyroxene 
acmitc or mgirite. Z. Weyberg fused a mi.xture of ^silicic aciji, ferric hydroxide, 
sodium carbonate, and a large excess of sodmm chloride, and.oli^ained crystals of 
sodium ferric dimetasilicate, NaFe(Si 03 ) 2 . The black prismatic crystali^of rie- 
beckite belong to the monoclinic system. The prismatic cleavage (110) is perfect. 
The ap. gr. is 3-33-3-49, and the hardness SJ-B. G. Palache and C. H. Warren gave 
1-693 for the index of refraction with Na-light; the bircfringdlice is feeble 
a-y=0-0051 fortheblue ray and 0-003 for the red ray. The optical characteris 
negative. The mineral is strongly pleochroic. F. W. Olarke and G. Steiger found 
that the mineral is decomposed when heated with ammonium chloride. 


M. H. Klaproth ” refenod to o lilau-eisetMlem from Griqualand, 8. W. Africa, and ‘ 
*1. F. L. Hausmann called it crocidohfe —from ffpofctr. woof—-in allusion to its hhtous 
structure. E. T. Wherry and E. V. Shannon called the blue pleochroic amphiboleH, 
ijlmcamphibolea, and described a sorai-niagnesian erocidolite with the composition 
Na,0.Mg0.he0.he,()3.6Si02.H20. M. E. Heddle called an earthy variety from the 
gneiss and granite of Abnochan, Scotland, ahriachanile. Analyses wore made by .M. H. Klap¬ 
roth, F. Strotneyer, C. Doclter, A. Kcnard and C. Klement, A. H. Chester and K. J. Cairns, 
and A. E. Itelesse. I^is regarded os a hbrous variety of riebeckite, and its composition 
averages NaFe(SiOj)i.FeSiO ,—vide glaucophane. Crocidolite occurs in lung asliostifonn 
libres. The optical properties correspond with the mohoclinic system ; the cleavage is 
prismatic ; the sp. gr. 3'20-3-;>0; and the hardness I.* The optic axiabangle 2/?=ll5". 

A. Lacroix found the birefringence'y-a=iP 025, and the Mitk-al character negative. 

C. Hepburn described a brownish-yellow alteration proehiet which he called riri(/ualandile ; 
it WM analyzed By A. Renard and C. KlemeiA, C. F. lAmmeLslierg, and F, Wibel ami 
F. Neolsen. By the inSltration of silicaou# mattcr8,,the South Afncan mineral forms a 
yellowish-brown (Compact rock with a fibrous struBturS, luid a chatoyant lustre, and is 
pomlarly known as tiger's eye, or cat'a-eye. H. vov Foullon, and A. Bukowsky described 
an ffibestiform variety of glaucophane in»wliich the aluminium has been partly replaced by 
ferric iron; and it is sometimes classed with abriachanitS. It wjs found in Rhodes Island, 
and called rhodtuite. It was analyzed Aiy H. von Foullon, P. Tsebirwinsky, W. Iskull, 

B. Dohfsand C. Hlawatsch, M. F. HedcUo, and W. Jolly .and M. Cameron. W. IskUli 
stiidi^ the action of hydrochloric add on the mineral. W. F. Sraeetb, and L. J. Spencer 
described a soda-ferric-am^ibole approximating 2NaFe'"(SiO,),.Mg,Fe"(8iO,), from the 
Bababudan Hills, Mysore, and hpnee called bobabudanjfe. 'C. Palache, and G. 1), Louder- 
back described a blue mineral occurring m lath-shaj^ crystals in Berkeley, California. 

It was called crossUe —after W. Cross, Tlib mineral is iifftermediate in composition between 
nebMkite and glaucophane. The sp. gr. 18*316. VR was strongly pleochroic. B. Gossner 
studied the chemical composition of tito ai^d related nynerals. ' • 

H. Str6m22 mentioned the pccurrencc of 3 crystaHige hornblSlKle or schorl 
at Eker, Norway; and P. Strom rega?ded it,as a definite mineral spe®'®* which he 
named wemerine —after A. G. Werner. J. J. Berzelius called if acmitg—from dx/u^,* 
a point—^in allusion to the poiq^a extremities of the crystals. A mineral found by 
m. V£. ‘ 3 N 
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J. Esmsrk in the Langesund £drd,^ Norwa/, was named hyj. I Berzchm 
anikUrcaMmte-BAerMgh, the Icelandic god of the sea. TbemZt\ 

acaito were shown by Nt B. •Mollft, and W. Haidmger to belong anJ 
group ; and the crystals ol ssgirite wp examined by P. Plahtamoar, L. J. iVa||, 
mark, and shown by T. Scfteerer, A. Breitbaupt.G. A. Kepeott, and M.\on. lhn. 
berg to belong to the jiugitc family, and G. Rose s/iggested that the two minvrals 
belong to one spcci(^.’ C. F. lianimelsherg showed that aemite and wgirine have 
nearly the same cohiposition, J. DaDana, and A. des Cloizeaux regarded them 
as independent species, but G. Tscherm^, and C. Doclter showed that the essential 
charaoiers of cegirito and aemite arc identical, bat, js W. C. Broggel emphasized, 
each possesses certain peculiarities which makes it desirable to retain the names 
representing them as varieties of one speejes. ' 

AilWyses wefts made by P. Strom, J. J. Berzelius, A. Breithaupt, C. F. Rammels- 
berg, C. Doclter, F. P»aiii, J. Molozcwicz, F. Gutzkow, W. Ramsay, J. Machado, 

G. If. Smitljj S. killebrand, A. ©a 8 *n, F. W. Clarke, C. PtKache and C. H. Warren, 

B. J. Harrington, W. A. Silbermiintz, Z. Weyberg, R. Doht and C. Hlawatsch, 

H. Rosenbusch, and J. Lorenzen. A. Holmes found a specimen with 0'0253 per 
cent, of uranium, and O'OIS per cent, of lead; wnd E. S. Larsen and W. F. Hunt 
found af Rainy Creek, Montana, a vanadiferous asgirltc with up to 3’98 per cent. 
V 2 O 3 . Attempts to ropipsent the composition by formulas show that idealized 
aemite* contains apdium feirio diilictasilicate, NaFe'"( 8 i 03 ) 2 , in isomorphous 
association with ferrous and calcium metaailicates. It is the pyroxene equivalent 
of the amplubole riebeckite. Various mixture formulas have been proposed by 

C. F. Rammelsborg, C. Doelter, J. Lorenzen, J. Machado, J. Morozewicz, 

S, Hillcbrand, and C. Palache and C. H. Warren. Aemite is a mineral of 
eruptive rocks ^nd is generally accompanied by leucite or nephelite; it is 
common in elmolitic syenite. M. Vuenik found that when the constituent oxides 
are fused together, a glass containing crystals of magnetite is formed ; and when 
aemite is fused, it also solidifies into a mixture of magnetite and glass. C. Doelter, 
however, observed that some aemite is formed by fusing and cooling a mixture 
of the constituent oxides. H. Backstriim kept a mixture of silica, ferric oxide, 
and sodium carbonate for 3 days at a dull red-heat, and obtained crystals of 
aemite; and he. also obtained aemite by fusing a leucitic phonolite and very 
slowly cooling the glass. Z. Weyberg also obtained aemite by fusing a mixture 
of silica, ferric oxide, and soda with a large excess of sodium ehloride. Z. Weyberg 
also obtained a chromic-aemite, or sodium chromic dimetasilicate, NaCr(Si 03 ) 2 , 
by substituting chromic oxide Jor ferric oxide. ■ J. Morozewicz also observed the 
formation of aemite iq metasilfcatc magmas containing less than 60 per cent, of silica. 
P. Niggli obtained a pbtash-acmile, poti^um lerric dimetasilipatc, KFe(Si 03 ) 2 , 
by the hydrothermal processht 450“. ' 

The long prismatic crystals 'o| aemite ace coloured brown, or reddish-brown; 
segirite also occurs in long’-prismalio crystals arranged in tufts <A groups, and in 
fibrous forms usually dark green. V. S. Delenno and B. Dittler found the crystalliz¬ 
ing power is not markedp but the speed of_ crystallization is consideraWe. The 
monoclinic crystals of aemite and segirite were found by W. C. Brogger to have 
nearly the same jxial ratios a:h: c=l'09957 :1; O'fiOlM, and /3==73° lOf'. The 
twinning of iqgirite is not common; but aemite is commonly twinned on the ( 100 )- 
plane. Polysynthetic jtwintiing encloshig twinning Jamedte is also common. The 
crystals are often'vertically striated or channelled; and the prisms may be bent, 
twisted, or btoken. Inclined hemihedrism as with pyroxene is also found. The 
soleavage parallel to (110) "is distinct, lhat parallel to (010) is less so. The crystals of 
aemite oftej^show a zonal strucfiuc, bmng |reen within and blown outside—thegreen 
segirite is strongly pleodiroic, while the brown aemite is but fqebly pleochroic. The 
, optic axial angles ate large. W. C„ Brfigger gave for .segirite ‘with Na-light, 
2£=134“ 27': 2H„=63° 41'; 2ffo=117° 18':oand 2F,=^63“ 28'; W. Ramsay 
gave 2F=63'13°-66“. F. Zaipbonini attributed the isomorphism of diopside and 
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acmite to the near equality of the at. vol. and sum ot the valencies of the Rroups 
CaMg and NaFe'". R. W. G. Wyckoff studied the X-radiograms of acmitc. The 
sp. gt. vyies from 3-5-3-6, and the hardnfes from S-ej. A.^run gave for the in p 
of acmite, 970“; Cf Doelter, 965°; and V. Schumofl-^cleano and E. Uitficr, 960°- 
1030°. H. Leitmeier gave for segirite, 9tP°-950°; and M. Vucnik, 970°-’l010°. 

B. A. Wiilfing found*the in(hce* of refraction to,bc*a.^l'7630, j8=l'799(i and 
y=l-8126 for Na-light; W. Ramsay gave a=l-777, 801; and W. F. Hunt, 

for vanadRcrous mgirite, o=l'745,/S=l'77(^ and y^l-782. H. A. Wulfing gave for 
the birefringence y-o=0 0496; y-/3=0 0136; and jS - 4=0 0.36. The optical 
character kanegative. Acmite js but slfghtly affected by acids. W. C. Brogger 
found acmite altered to analcite, and J. F. Williams, to nianganiferous pectolite. 

F. W. Clarke and 6. Stcigepfound no marked change when cegirito is heated in the 
vap. of ammonium chloride in a sealed tube. . , , , 

H Sjogren '* found a mineral at Langban, Swelen, valiicb liad boon confused with 
schaBerite, and wliich hi calied urbaiutc—alter lilrbln Hjarne; the mineral was also in¬ 
vestigated by t.. J. IgelstrOm, who called it lindesUc, The two nhnerals^rt' very niucli* 
alike except that the latter has rather more manganese oxide—the higlicst reported for 
lindesite is 10 97 irer cent. MnO, and for urbanite, 6-71 [x-r cent. Analyses show that it 
is probably a mixture of aenjite amf diopsic^. The colour is chestnut-brown to brawnish- 
biack. The monoSlinid crj'stals belong to Aie pyroxene family, and have thesuxial ratios 
« ; 6 ; c = l’1009 : 1 ; 0'6058, and ^ = 72“ 7'. The habit is pyrtiinidal; tho cloavoge 
parallel to (110) is distinct. Tho sp. gr. is 3'62«3'S3, and tllfe hardness 5-0. Itjs strongly 
ploochroio. It is only slightly attacked by acids. Tho so-called■rfyiiiiic-aujih!# seem to 
bo intermediate in composition between the augites and a'girito.'’ 

In nature, wollastonite is often tinted presumably with ferrous metasilicate. 
Tlic mineral bedenbergite was named by J. J. Berzelius no after L. Jlcdenberg, and 
was classed by R. J. Haiiy among the amphiboles. C. C. von Leonhard rcgaftled 
it as a ferruginous variety of augitc. C. F. Rammelsbcrg found hedenbergito in 
slags, lledenbergite appears to be one end-member of a scries of solid solu. of 
calcium and ferrous mctasilicates. The composition in the ideal ca.so approxi¬ 
mates calcium ferrous metasilicate, CaFolSiOslj ; and there are many intermediattf 
menibers of the series with tho general formula Ca(Fc,Mg)(Si 03 )i., between it and 
diopside, CaMg(Si 03)2 ('/■«-)- A. Brun gave 1190° for the m.p. of hedenbergite ; 

Uoeltcr obtained numbers ranging from 1095°-1136°; and V. Poschl, 1100°- 
1140°. Calcium ferrous dimetasilicatc is monoclinic ; sp. gr. 3'5-3’6; and hard¬ 
ness 5-6.* In nature, tho mineral is contaminated with a variable proportion 
of diopside, and other silicates. V. S. Delcano and E. Dittler studied the 
rate of crystallization of hedcni)crgitc.. (1. Taramann investigated the action of 
ferrous aluminato, iron, mifngaucse, and nickel, Rigl abo iron sulplude on the fused 
calcium ferrous dimetasilicatc. C. Doiltcr, H. Wulf, H. Xosenbusch, B. Manasse, 
T. Wada, D. Ldvisato, V. Poschl, G. vom Rath, K. Rusz, H. Sjogren, E. A. Wiilfing,, 
and A. H. I’hillips discussed complexes which ape regarded a» solid soln. of heden- 
bergite and diopside. V. Poschl measured tho sp. gr., the mq)., and the angle of 
extinction of mixtures of diopsid^, CaMgjSiOjjj, and hedenbergite, and found; 
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A. Breitliaupt called hedenbergite bolepAcrtte—rfrom fi^Aor, earth; ^opto', to carry ; 
and L. J. IgeUtrOm called a variety with (p stellate radiated structure, luteroite. M. Weibull 
obtained (f variety rich in manganem, manganlhedaibergile^STom Vcster-Silfberg, Sweden. 
E. F. docker, and B^Sewergin appied frie term lot<dite to a variety of hedenbergite fi^m 
Lotalia, Finland. The violan of A. Breitliaupt isfa darkjaolet-blue vqjjety of hedenber- 
gito which occurs in prismatic crystals at 8t. Marcel, lUpiMiont. wm analyzed by 
A. des Cloizeliux, L. (Riinhut, and E. SshluRij;. L. J. IgelstrOm's antlvihroite —from ifvUes, 
flower; and y/iiSti, colpur—is a row-red or violet variety of violan. Tho manganiferSbs 
hodenbergites have been examinea by L. L. Fermor, A. K. Coomaraswamy, T. Wada, and 
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L. 3. IgelstrSm. A. N. Wincljell reported a tiUufifudenbergite from Pigeon Point, Minne¬ 
sota, which he called pigeoniie. • 

3. Palmgren’* found ferroanthophyUite, SFeSiO.-fKSiO., in an eulysite rock from 
Sfidennanland, and E. V. Shefnnon'founcf it in the Cceur d’Alene district of Idaho with the 
composition (Fe,Ca,Hi,Mn)SiQ,. He regards ferroanthophyUite as the end-member of 
the anthophyllite series, and the mawesiAi end-member is called magnmornihophyUite. 
The nyroienic mineral aohraliti, found by J. Palm^», associatfd'with ferroanthophyUite, 
has tne composition IMnSjOj-ZFeSiO j.Ca8iO ,.Mg8iO,. R is triclinio, with three cleavages. 

J. M. Sobral found sobralite with the optical axial angle 27=41°; the birefringence 
j8—a=0'0025; y—^=11.0176; and y—o=»0 0200; and the optical character negative. 

A zinciferous variety, found by W. H. Keating and L. Vanuxem,’* has been called 
jeffersonite.. It is suppo^ to be a complerf of CailglSiO,),, CaFe(SiO,)„ i>Mn(8iO,)„ 
and CnZfi(8iO,) J, or a mixture of the individual metasUicatee. Analyste have been reported 
by B. Hermann, F. Pisani, F. A. Genth, W. A. Waldschmidt,G. J. Brush, W. F. HiUebrand, 
and F. W. Clarke and E. A. Schneider. C. Doe^ter synthekized it by crystallization from 
a mixtute of the muiton constituents. Its indicdi of refraction are a=l'668, y=l'703 ; 
and its birefringence, 0 030. A. ^s, Cioizeaux measured the crystal constant^ The 
sp. gr. is 3 OS. V. P0schl*ga*8 3'5Wor the sp. gr. of a sample wHh 26 per cent, of ferrous 
oxide; 1140° for the m.p., and 60° 90' for the optic axial mgle. R. Hermaim, and 
(J. A. Keimgoft likened it to augite; A. Breithaupt regarded it as a pyrolene. 

A. Breithaupt •* appUod the term richtmte —after T. Richter—to a yeilow amphiboie 
from Langban, Sweden,,with a sp. gr. 2’826; L. J. IgjelstrOm, and 0. Flink used the same 
term for a similar mineral, though possibly npt the same, from Pajsberg, Sweden, which, 
according ^ 0. A. Michaelson, had a sp. gr. 3 09. The colour is br6wn,'yelIow, or rose-red. 
Analyses were made b*y 8. Kreutz, N. lilngstrCm, G. A. Michaelson, L. J. IgelstrOm, and 
R. Mauzeldus. The crystals wonyexamincil by G. Flink, who found the monoclinio crystals 
had the axifll ratio* o' fb : c=0'6499:1: 0'2854, end ^=76° 4(1'. It is considered to be 
a mixed^awitmn manganeie metaeilkate, or better, (Mn,Fe,Mg,Ca,Na„K 2 )SiOj. 

G. T. Pnor, P. Tormier, O. M. Murgoci, and A. F. Rogers have discuss^ riebeckite in rocks. 

H. Sjogren described a coarsely crystallino columnar aggregate associated with rhodonite 
at Langban, anjj known locally ns blue rhodonite. H. SjOgren called it astochile —from 
iforayos, missing tho mark—in allusion to the fact that it was at first regarded as a pyroxene. 

R. Mauzelius’ anaVsis shows that it is not far from richterito in composition, 
(Mn,Fo,Mg,Ca,Na 2 ,K{H,)Si 03 e The colour, said A. Hamberg, is not sufficient (o distin- 
gui^ it as a separate species from richterite; and H. 8j0gren called it aoda-ricMcrite. The 
crystals are monoclinic; the cleavage angle is 60° 27'; the colour varies from blue to 

•greyish-violet; and the extinction angle is 16° 40'-17° 16'. Tho optical character is 
negative. N. 0. Holst described a yellow mineral occurring in fine crystalline needles 
at Langban, Sweden. It was named marmairolUe —from paggai'pciv, to glisten. Its 
sp. gr. is 3 07 ; and its hardness, 5. The composition approximates to that of richterite, 
and F. J. Wiik suggested that mamiairolite is a massive form of that mineral. G. Brocchi ’* 
found a mineral occurring at Vesuvius and at Capo di Bovo in wool-like forms, coloured 
dark brown. It was named brmfal'ite—after 8. liretslak. Tho greenish-grey'w greyish- 
white hair-like crystals in the lava of Cyclops Mt. were named eyrlopeid by A. des Cloizeaux. 
This is not to be oonfoim<led with tho lime-felspar ryclopite, of W. 8. yon Waltershausen. 

O. F. Rammelsberg emphasized' the lesenablance of brcialakite to hornblende; but 

E. J. Chapman regarded it as a variptf.- of pyroxene. A. von Lasaulx, however, showed that 
ife optical properties und,fopu are like those o^ the aiSphiboles. The pleochroism is weU- 
marked. It is considered to be a variety of richterito. • ■ 

H. J. Brooke “ described a Wiineral frtim Greenland which he noified ar/vedaonitc, 
or ar/ic«i»OBf<e—after! J. A. Arfveds^n. Accoldiug to W. Haidinger, it is a ferruginous 
variety of hornblendiv The olde^anUysts of T. Thomson, and J. .4. Antvedsoi). were shown by 

A. Breithaupt to refer probably to tegirite (g.e.). The analyses quoted by C. F. Rammels- 
berg is also that of tegirite; and A. Lacroix shewed that 0. A. Koenig’s analysis "is 
probably that of riebeckito.i, Malytes were made by J. Lorenzen, F. Berwerth, 8. Byrtolio, 

B. Gossner, and K, R^rdam. The results show that the mineral is a eoda-horrMende, and 
is a complex mixture. ‘ The main constituent may be ferrous metasilicate which is'associ- « 
ated with sodium aqd calcium metasUicates, and possibly also NaFe(8iO,),. J. Sftllner 
regards it as a cpmplex of meta-, ortho-, pid tri-silicsltes. The mineral occurs in black 
pnsms or dark green plates, which,' according-to W. C. Brfjgger,'belong to the monoclinio 
system, and have the aiiaS ratios d:bi c=0'65687 :1:0-29781, and /3=73° 21'. Tho 
twinning plane is (100); the prismatic cleavage (>110) is perfect, that parallel to (010) is 
imperfect. The* pleochroism is stronglj, defined. The optical character is probably 
myiitive. Theisp. gr. is 3'4-3 'fi; and the hardness O.e The mineral is not readily attacked 
by acids. W. C. BrOgger described tn ampbiboRo mineral, closely related to arfvedsonilo; 
occurring near'Carke-vik, Itorway, end hence called barkmkUe. The prismatic crystals 
are deep velvot-bISck, and tiifve a perfect,prismatic cleavage. AnrByi^ iqere made by 

P, Plantamour, C.' F. Bammelsberg, and' O. Flmk. The compCsition is intermediate 
between that of hornblende and that of arfvedsonite, und it was studied by B. Gossner. 
The ngneral is strongly pieochroio^ The sp. gr. is 3-429. C. Hlawatsch described an 
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amphiboUo mineral from Cevadaes wlii^ff he named oaanniTe—after A. Osaim. Its com¬ 
position is intermediate between that of arfjj^dsdnite and that of riebeckite, and it Van 
studied b^B. florauer. The sp. gr. is 3’4; hardiitas. 5-‘C; aad bisefringenoe, y-a—IJ 005. 

A. Lacroix described a rhombic, bluish-green mineral wlijch he calM gramlidieritc aiiil 
obtained 4rom Andrahomana, South Maduhasear. Tho composition approximated 
2(Na,K,H),0.7(Mg,Fo,Cta)®.ll(AI,F<)),Oj.7SiO,, or, according to A. Lacroix and A. de 
Oramont, 2NajO.4FeO.8(Al,Fe,D),0j.6SiOj. Itssp. grls 2'99v its birefringence i#nega- 
tive; and its indices of refraction a=l’6018, d*=1 0360, and v=1 6385 for Na-light. 
The miner^ was also described by C. Hlawatst^i. % 

A number of magnesinm ferrous metasilicates, or magnesium fcituus man¬ 
ganous metSsilicatbs, has beeif reported, They an; probably solid s<iln. For 
example, the mineral CUmmingtonite is a magnesian amphibole which, according 
to A. des Cloizeaux,39 is monoclinic., dt was found by 0. Dewey at Oummingtou, 
Mass., as a grey to brown fibrous or fibtolamellar ‘mus.s. "Iff contains’ about 
10-30 per cent. MgO, 32-60 per cent. FeO, and oOfdl per csnt. of silica with a little 
manganese oxide, alumina, and calcium ofidi* so that its form^a becomes 
(Fe,Mg)Si 03 . *The mean refractive index is 1-038 ; .the cleavage an^', 51" 48'. * 

The tenn anlMitf, was applied by J. 1). Dana, and by (t. A. Krtmgott to certain asbesti- 
form amphiboles. .A kmd of* maiiganiferouJ cummingtonite was found by j^rdmaim at 
Itannomora, Sweden, and hence called dannemorite. It was doscritod by J. U. Dana, awl 
tr. A. Kenngott, and roprosontod by tho formaia (Fo,Mn,Mg)Sj 03 A variety from 
Hrunsje which contained much iron and possesied an as’bestos-like texture wyu^calteii Iry 
L. J. IgelstrOm aebeferrile. Analyses were also made by F. J. Wiil^ and A. Erdmann. 

M Weibull called a similar mineral from Vester-Silfborgot in Delarno, sdfbef^e: and 
b. ,T. IgclstrOm, one from Hilliings in Dolarne, hiildngsilc. 

W. E. Ford and W. M. Bradley 57 described a mineral from Iva, bouth Carolina, 
which they caUed pyroxmaiiyite. The analyses approxinmte In (Mn,Fo)iSi\) 3 , 
ferrous manganese metasilicate, with some calcium taud aluminiiuu silicate as 
impurity. The colour ranges from amber to yellowisli-brown, reddi,sh-bro*vn, 
and dark brown. It is regarded as a maiigatiese pyroxene -hence the name.^ 
The crystals are triclinic. There are cleavages parallel to the two jirism faces, 
and one is more distinct than the other, 'riie angle between the cleavages is 91° 50'. 
There is a parting plane (010). Tho optic axial angle 2 V ^ ..30“. The sp. gr. is 3'HO, 
and tho hardness 5J-6. The mean index of refraction is 1'705 ; and tho optical 
eliaracter is positive. The mineral is insoluble in acids. 

A. Levy 5® desofibed crystals of a mineral from Arendal, Norway, wliioh he 
called babingtonite —after B. G. Babington. Analy.seB wore reported by I’alache 
and F. R. Fraprie, B. K.^EmAson, S.* Hillebrand, M. Watanabe, A. E. Arjijio 
T. Thomson, F. Zambonini, G. FwRammelsberg, Gf Forbes, M. F. Heddle, G. Jcbn, 

11. Gossner^ and H» Klcmm. The results correspond vfitfi a mixture ot Ct^ilttni - 
manganous Ibrrous metasilicatos, (Ga,Mn,Fc)Sii93, mixed with some ferrio '■ 
metasilicate, Fa^fSiOals. The disiruss’ion —by dJ. F. Ramnlelsberg, G. Doelter, 
JI. S. Washin^ou and H. E. Merwin, E. Jannetaz, Gf 'Tschernthk, G. I’alacho and 

F. *R. Fraprie, P. Groth, A.. Knop, F, Zambonifti, and S. Ilillebranil—on the nature 
of babingtonite has turned mainly on the componftntsswMch make up the mineral. 
Babingtonite has not been made artificially; although M. 8<^pfer and P. Niggli 

•obtained crystak which they assumed to be babingtonite by heating in an auto¬ 
clave water mixed with lime, alsmina, silica, and metal chlorides. ^The occurrence 
of babingtonite in converter .slags has been repo{t4d*by IJ. Groth and H. Schoercr, 

G. vom Rath, L. Buchruckcr, and J.,II. L. Vogt* 

The crystals of babingtonite are small, (tml’as emphasized byW. Haidingor, 
they resen^Ie black augite ot borsblende; 8nd their cdlout is dark gwjenish-blajit. 

H. Dauber found that the triebnir? crystak *have the axial ratios a:b:c 
■=1-06906:1:0-6384, and a=104° 21i', .B=l(»° 30|', awi y=83;^31ti'. Observa¬ 
tions on the'crystak were made by A.»I*Svy, A. des Glrjizeaux, W. H. Millw, 

H. 8. Washington aftd H. E. Merwin, G. vom Rath, E. 8. larsen, M. Watanabe, 

P. Groth and H. Scheerer, Jl H. L. Vogt, and ft. Klemm. 'The cleavage {410) is 
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perjeot, (110) is less distinct. M. ‘.Watanabe gave for the indices of refraction 
a=l'715, |9=1'725, and y=l'74i); tl^ crystals are biaxial and positive. Michel- 
Lhf and A. Lacroix gave for the optic axial angle 2F=!60°-65°; and the 
birefringence y—a—0‘032. * X-radiogifems of babingtonite were reported by 
R. W. G. Wyckoff. The sp.^r^i 8 3-35-3-37, and the hardn&s‘5’6-6'0. The crystals 
are pTeochroic. S. Hilllbrand studied the nature of {he silieic acid which scparate.s 
when babingtonite i^ decomposed by^Jiydrochloric acid. 0. B. Boggpd studied 
the relationship of balingtonite to schizolite ; and, according to H. 8 . Washington 
and H. E. Merwin, babingtonite, rhodofiite, pyr(jxmangite, aijd sobealite form a 
group (A triclinic minerals sufficiently different from G>e pyroxenes to be regarded 
as a group by themselves. J. Palmgron described a triclinic pyroxene from Sonder- 
manlapjl, Sweden^ with thp approximate composition (Mn,Fe,Ca,Mg)SiOj. The 
sp. gr. is 3'50. < 


F. Katzej^' found a reddisli-bmwiPamorphous ferruginous manganese silicate in the 
“ iron deposit* ffl Vares, Bosnia, and he called it pochite —after F. FOch. The composition 
approximates H,,Fe,Mn,SijO,,. * The sp. gr. is 3'696, and the hardness 3J-4. G. Flink *“ 
described a brown pleoohroic,mineral from Langban, .Sweden, as ektropite. The composi¬ 
tion approximated 12(Mg,Ca,Mn,Fe)(>.88i0,.7H,0. The monocliipe ci;gstals had the axial 
ratios a: 67 c=0'74: 1^; U'84, and ^=01° 5'. The sp. gr. was 2'46, the hardness 4, and the 
indices of refraction a^l'62, , 

In 1806' C. H.s'c'fjiivre tt obtained from the Rio la Marina, and Cape Calamita, 
Elba, laife crystals of a mineral which was called yeni/e or jenile in commemoration 
of the battle of Jena, 1806; J. F. d’Aubuisson called it fepor—from lepis, un 
lihvre (a harol; II. Steffens, ilvaite—from the Latin name for Elba; and 
A. C. Werner, limUe, after its discoverer. The German text-books generally employ 
lievrito, the, American text-books, following A. dcs Cloizeaux, ilvaite. The black 
mineral found by F. von Kobell near Szurrasko, Hungary, and named wMlitc— 
aftdr A. Wchrll—was considered by C. A. Zipser to be lievrite. It is massive and 
•granular. Both H. Fischer, and V. von Zcpharovich showed that wchrlite is a 
mixture of several minerals. 

Analyses of ilvaite were made by L. N. Vauquelin, H. V. Collet-Descotils, 
F. Stromoyor, F. von Kobell, and many others.tt C. F. Ramniclsberg 43 tried to 
work out a formula for ilvaite from the analysis and obtained R”j 2 Fj"' 4 Si 903 e. 
Q. Stadeler showed that water is probably an essential constitgicnt; this was con¬ 
firmed by L. Sipocz, and C. F. Rammelsberg then gave H 2 K"eFe. 28 i 40 ig. P. Groth 
gave {FoOH)Fc 2 Ca(Si 04 ‘) 2 . A. Baschieri regarded the mineral as a salt of diortho- 
silicio acid, n(i 8 i 207 , which he jstlated by the hydroc'uloric acid process; and he 
gave the, accompanying farmula. A. Himmelbaiier by a similar methed obtained 
metasilioic acid, and he repreoented tlv.' mineral by the acconipa'iiying formula. 

Ca^!'(. ,FeOH • ' fe.O.SiO.O.Ca.O.Fe: 0 . 

FoO'^‘* ’^e* 4 Fe.O.SiO.O.Fe.OH 

A. Baschlctl’a formula. J. Hlmmolbaiicr'a formula. 

J. E. Reynolds repiegented his analysis, 6 R 0 .tfe 203 . 4 Si 02 , by the formula 


Fe<”>SiO-0 
Ca' 


O' / 
Fe<Q>SiO-0,* 


;Fe-0'-Fe<^ Ca' 


0-'SiO<">Fe 


\ V“ n 

c 0-8iO<^Fe 


P.*-Z 8 mboninl explained the difference in the results by assuming different experi¬ 
mental conditi«\ 8 ; and Doelter,'by assuming a difference in^the state of hydra¬ 
tion of the mineral owing tb the differepce in.the climates where the samples were 
oltained; and G. Tschermak assumed* that ilvaite, like olivine, contains two 
different silicic acids, since with cone, hydrochloric aqid,met 88 ilicicacid is formed, 
and vRth dil. hydrochloric acid,'orthosilicic acid is produced. A. Himmelbauer 
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also suggested that the mineral mijht be an. addition compound of magnetite, 
feO.FejOa, and a calcium ferrous silicate, F. W. Clarke used a formula of the 
same typffas those employed for bertrandite,*8ud balamine > , 


Fe4!^‘>Fe • 


*Fe’<?®‘>Fe 

^*^pFeOH 


correspondii^ with calcium difenous alupmohydroxydiordosilicate. li. llavink 
studied the mapetic propestie^of lievrite. W', Vernadsky studied the e,pnstitu- 
tion and chemical relations of ilvaite. The mineral has not been synthesized, 
llvaite has been found in iron mineii;»it appears to have been formed by contact 
action^* say, by the action of silicates on iron oxida-^.g. magifctitc—which like 
ilvaite contains both fe|TOU8 and ferric oxides. ’Ijfhas also been found in dolomite, 
limestone, granite, syenite, and porphyry. • * 

Ilvaite commonly occurs in prbnis with the prisjnatic faces striaffd; anhcdral’*, 
crystals occur in prismatic or irregularly shaped aggregates; and it also occurs 
in compact or columnar masses.* The ^olour is dark ^eyisli-black. The crystals 
belong to the rhombic system, and A. des Cloizeaux^® gives for* the axial 
ratios a: h: c=0'6650:1; 0'44268; J. Lorenzen gave 0'S74307 :1; 0 448449; 
and G. Flink, 0'66195 :1:0'43897. The crystals have been sjudied by Jtf J. Hatiy, 
W. H. Miller, F. Hessenberg, G. voni Rath, A. Weisbaeh, G. Flinlf, anil J. J,orenzen. 
The cleavages parallel to (010) and to (001) are rather distinct; those ptrallcl to 


(100), (110), and to (101) are imperfect or indistinct. 0. R. Bdggild studied the 
corrosion figures and optical characters of ilvaite. .1. Lorenzen found for the optic 
axial angle 2E approximately 60°. The sp. gr. ranges from 3'9-4'l,and the hard¬ 
ness 5-6. The index of refraction is high ; E. A. Wiilfing gave*l'89. The inilieral 
is strongly pleochroic. It is decomposed by hydrochloric acid with the separation 
of gelatinous silica. C. Simmonds found that ilvaite is partially reduced by 
hydrogen at a red heat. F. W. Clarke and G. Steiger studied the action of ammo¬ 
nium chloride vap. 


P. Hautefeuille heated a mixture of silica, ferric oxide, and potassium vana-' 
date to about 960°, and after washing away the soluble salts obtained small greenish- 
yellow, trrtnsparent crystals, the composition is analogous to that of leucite—/(urro 
kmile, KFefSiOj)^, or potassium ferric dimetasilicate. The icositetrahcdral 
crystals exhibit lAiomalies like those of ordinary lepeite. The formation of crystals 
of ferric-leucite requires aisomewdiat higher teip]). than that of ordinary felspar. 
When a nyxture of alumina, ferric oxide, silica, aitd potassium vafladate is heated, 
it may happeqthat only felspar is produced and no leuclte, if the temp, be so regu¬ 
lated that the potassium vanadate dotf nbt attack^he ferric oxide. • 

The term^glauconite— from yAhu/rdr—bliytA-green—was’ajiplicd by G. Kefer- 
stein<7 to the green grains of earth inthegrecn-sandbf thechafk formation, and in 
other rocks. The grains are often^casts of the shells of rhizopods; and they have 
been fcund in fragments of coral., G. Jenzseh a^pliad riie term cldorophanerite to 
• a similar earth found in cavities in eruptive rocto. Accordisg to J. Murray and 
A. F. Renard, glauconite is widely disseminated upon the sea-bottom, but most 
abundantly in compatatively Shallow waters, near the mud-fine, t.e. just beyond 
the limits of wave and current action wRere thevlind muddy particles commence to 
make up a considerable portion of 4he deposit*. Analyses have been repotted by 
G. H. Cook, W. B. Clark, A. J. Hoskins, L. W. Cbllet and G. W. Lee, W. A. Caspar), 
A. Lacroix, H. Wu^tz, K. von Haus^ofer, T. B^hier^ T. 8. Hunt, J. Murray jnd 
A. F. Renard, M. B. Corse and C. BaskerviUe, 4- Johnsen, J. Morozewicz, L. Cayeuz, 

G. R. Manifield, N. Sahlbom, A. F. Hallimond. J. W.*Mallet,/: N. Chirvinsky, ' 


W. van det Matck,*D. H. von Dedhen^W. Fischer, H. D, Rogers, E. Hitchciwk, 
A. E. Delesse, W.* S. von Waltershausen, 8. Haughton, C. F. Rarnraelsberg, 
A. T. Kupfler, F. Dewal^e, E. vom Bambicgcr, M. F. Heddle, C. W. von 
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Qlimbel, £. Knon and F< Schoofeld, A. <ks Cloizeaux, F. Schemjatsclienaky, 
W. Smirnoff, 0. Steiger, N. Ermol8,*etCj The composition is exceedingly variable, 
for gjauconite is iuvawblyt contaminated with extraneous matters andyteratioii 
products. The iron is mainly in the fe^ic state, and .potassium is alwayg present; 
some aluminium may partly replace iron, and oth^r bases pttly replace.potassium. 
The material used by K. Glinka for analysis was frsed from impurities by heavy 
soln., and the analyse^ dorrespond with hydrated potassium ferric dimets^cate, 
KFeiSiOsla.HjjO. A: F. Hallimond regarded the glauconite from Lew;s, Sussex, 
as R20,4(K208.R0).luSi02.nH20, in whjph FejOa and AljOs, and MgO and FeO, 
ate mutyally replaceable. Where potash is more on less replaced'by soda, A. F. Hal¬ 
limond applied the term soda-ghveonite. F. W. Clarke said that the water is 
probably zcohtic, and not constitutional. According fo P. Groth, glauconite may 
be a cldorite or a aerpentiile. J. Murray and A. F. Eenard thus explam the 
origin of the glauconite aovj forn||ng on the sea-bottom. 

, Tlio shell T*i<iret filled with fine silt or mud upon which the organic matter of the dead 

• animal can act. Through intervestion of the sulphates contained m the sea water, the iron 
of the mud is converted into sulphide, which oxidizes later to ferric hydroxide. At the same 
time, alumina is removed froirf the aliments by soln. ihd coUpidai silica is liberated. The 
latter react%upon tho ferric hydroxide in presence of potassium salts Sxtr&ted from adjacent 
minerals, and so glauconite is produced. This view is sustained by other evidence, namely, 
the constant aasociatioij of the glagconite shells with the debris of rocks in wliich potassium- 
bearing mmarals, Simla as orthocloso and muscovite, occur. 

L. Cayeirf has shown thali in sedimentary rocks, tho glauconite has been formed 
subsequent to its consolidation. K. Glinka regards it as a product of the weathering 
of ferruginous augites and hornblendes. K. Andr6e, K. C. Berz, and K. Hummel 
havh discussed this subject. The subject has been discussed by C. W. von GUmbel, 

D. S.-Calderon and fco-workej-s, L. W. Collet, L. F. de Pourtales, and F. W. Clarke, 
W. A' Ca.spari described the synthesis of a compound resembling glauconite by the 
action of mixed soln, of potassium ferric tartrate and potassium silicate at 180°. 
fi. W. Collet and G W. Lee said that it is formed by the action of alkali silicates on 
iron sulphide or sulphate. 

Glauconite is earthy or granular and massive. It sometimes resembles chlorite 
very closely, and it may be blackish-green, olive-green, yellowish-green, or greyish- 
green in colour. L. Cayeux said that the grains are biaxial and doubly'refracting 
with tho optic axial angle 2E=30°-40°—but sometimes nearl/'zero. The sp. gr. 
ranges from 2’2-2'B, and tho hardness 2-3. D. D. Jackson and J.'J. Morgan found 
that tlie vap. press, of the alkafi js negligibly smdll bejow 1300°. When heated, 

M. W. Travers fo'ond that hydrogtn and carbon moxoxide are given off: 2 FCO-I-H 2 O 
==Fe20s-fHj; and 2 Fe 0 'I-C 02 ==Fe 203 -fI 10 . C. Simmonds'showed'that it is 

•completely reduced when heateM to rednhss^in a current of hydrogen. K. Glinka 
found a boiling soln.''of potassiim carbonate dissolves alumina, bme, and ferric 
oxide, while alkali ii taken up. Dil." hydrochloric acid attacks it slowly while tho 
cone, acid soon decomposes it completely. Ki Glinka described the passage, by 
weathering, of glauconite int» fertuginous clay ^ and G. Klemm, the alteration of 
glauconite into ferrite, . 

Tho so-called green-earth, or Grunerde is related to glauconite; it appears to bo 
the erela viridis of Pliny; and it was used as a pigment for pointing in the medieval 
times under the'name terra di' Pei;ona. J. B. L. Rom4 de I’lsle, A. Estner, and 
C. A. 8. Hofmann, speak of to terre mrte de Feron^ found in cavities in the amygdaloid 
at Monte Baldoy Verona. The green .earth 'also occurs in other localities, and 

E. F. Glocker palled a variety seladonile, or, in Frf nch, celadonik in allusion to the 

sea-green colour—from KtAdStar'i Imrniug;' and hence the use of the term 
for a verdant'•fcver. Several anwyses have been reported; thgy average 
{Fe,K2,H2,Mg)3{Ar,Fel2(Si0s)e.l'24H20.' ft is probably an <impure glauconite. 
Thh sp. gr. is 2‘670-2'595—A, Lacroix gave 2'907, aud Q. Levf, 2'78. A. Lacroix 
said th%t the mineral is pleocbroic, ‘ 
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F. Kretochinor " described a green earth from Sternberg, Moravia, which he oalltxl 
t'iridUe ; its composition appror^imated 4Fe0.28i(/,.3H|0. He also described a mineral 
iitactensite^tom the same lowty whose comitosi^ion approximated Fo, 0 ,. 8 iU 2 . 2 H, 0 , or 
Jerryl iiutasUicite, {FeO)jSiO,.2HjO. The hvarUra of Q. ForchhWnier is a ferrugilious 
clay from ^risuvig, loelwd; similarly also witj) the keffekilite of F. £. L. Fischer obtainixl 
from Krim, Sevastopol, Cronstedt referred ta the keffekii larlaromm as being used as a ■ 
substitute for soap. The neurolitfi ol*l’. Thomson from StenAead, Canado; the rhodqjiti — 
from (ioSoAds, rose-coloured—of T. Thomson, and J. E. Portlbok obtained in Antrim, 
Ireland; and the partite of G. Meneghhii and E. Bechi, occurring a^Toscoiia, apiwar to be 
(erruginouAlaya. E. Mallard described a grey Jlay from Noyant, |franoe, which ho luutiwl 
liravaieite — after A. Bravais. It consists of a moss of crystalline fibres. Its composition 
approximates»2(K„Mg,Ca)O.2(^l,F,g),O,.0SiO,.6Hj(). The sp. gr. is 2 0; the hardness 
1 - 2 ; double refraction, strong; extinction parallel; optical character negati^o; and 
optic axial angle 2JS=40°. G, Starkl regards bravaisite as related with the H'tisscrenic 
of Ann-Capelle, Austria. , • 

• • ♦ ,• 

M. F. R. d’Andrada described a brown or i^tdisb-lifown nianganifcroiis garnet 
from Drammen and FSiringen, Norway, whitrii so called alhchroite -honi aXXtK, 
other; XP^> —tli® variety to which this name is now applied ilrttpple-grcen. ■ 

This garnet is representative of the calcium-ferric-garnets to which J. 1 ). Dana 
applied the term BUdradite—after M. F. K. d'Andrada.* * 

• * * * • 

There are many varieties to which different names have been given, and tne so-cfellcd 
romnwn garnet, and black garnet belong to this group. The bivalent base is almost wholly 
lime in the mineral topazolite wliicli has the colour hi topaz ayd was i^pslriboil by 
H. Bonvoisin, and 0. A. S. Hofmann. N. von Koksclmroff desmb#! a gni 8 s-gr<H‘r» or 
emerald-green variety wlxicli was called demantoid in allusiomto its diamoiul-l^ histm. 
It is used os a gein-stone. A coarse granular variety coloured brownisli-yellow or reddish- 
brown, and possessing a resinous lustre, was called colopIkonUe or koloplianite —from Ko\o<f>wvia, 
resin—by A. 0. Werner, M. F. R. d’Andrada, P. L. Simon, aiulJ. F.«L. llausmann. 

('olophonite from Ai’ondal is now considered to be a variety of vesuvianite. J. A. H. J-iAias 
called it grhiot riemite. A similar variety was called Pc^hgranal by D. L. (J. Karston. Stnno 
so-called colophonite is vesuvianite. A black garnet of the*caleium ferric ty|)o was called 
by A. G. Werner inelanite —from black—although varieties of other tlian the feiric- 

garnets may be black. V. Iskyul studied the action of hydrochloric acid on rnelanite. 
A. G. Werner, and C. A. S. Hofmann applied the term pyrenate to a groyish-idivck garnet • 
found in the Pyrenees. A green garnet like allochroile was called jrih'/i/c—after A. Jellet 
- by J. Apjohn ; and a massive garnet found by H. Piddington in India and deserilKMl by 
W. 'r. Blanford and H. Sdt hting was called calderitc. 

'J’lie magnesiiun-calciuin ferric garnets include tbo original allochroito of 
Af. F. R. d’Andrada; and tlio similar mineral called Graiiat von Bangban by K. Uothoff, 
and rothoffite by J. J. Berzelius. T. Thomson’s jwlyadvlphiie —from woAvj, many; 
hrother—was named in allusion to its containing many bases. It came from hranklin, 
New York, and is •a brownish-yellow variety of andi^ite. B. G. Brodlxjrgs variety, 
from Sala was called by J. 1). l}nna,^redbeTgifb. R. J. Ilaiiy namoil a variety fmm Schwar- 
/onborg, Saxony, and Lana, Smeria,^pkw/w or ftap/e^o—froni dirXooi, 8 iMiple”in allusion 
to the fundamental cubic form which is sirapler than the dodecahedral form common to 
thegorneto. ^ , 

Numerous analyses of andraditc have^ fetipn made,®* and from these 
0 . F. Rammellbcrg calculated that the best representative formifla for these garnets 
is*(Ca,Fe)3(Al,Fe)2{Si04)3; or. in the idealized case, Ca3Fc2(Si04)3, or calcium 
dUerria triorthosilicatc, or cakiun^ ferric-ganieL* Some*aluminium may replace 
^ the ferric-iron, and ferrous iron; magnesium, or manpnstfc may rt^place the 
calcium. Presumbably these are carried by Mg3Al2(Si04)3,^ Fe" 3 Fc"^ 2 (^>^^^f 3 t 
Mn3Al2{Si04)3, etc., pr^ent in isomorpfaous admixture-—tftde grossular. L. Hcziier 
made some observations on*this subject? The ftnaiyses^of J. UhSg indicate the 
presence of some vanadium, cenum, ^ind ebromiam which he assumed to be present 
respectively as Ca3V2(8i04)3, Ca3Ce^Si04)i, and Ca8Cr2(Si04)3.' C. Bergernann 
reported a Norwegian garnet toacontain f 66 per ceift. of yttria ewths, and^c 
called it yttria-garnet. Analyses by C.^. Bene^cks, L. Jaczcwsky.and M. Webslcy, 
indicated alyjut 2'6 per cent. E. T. Wherry appliedtthe at. v^. theory of iso¬ 
morphism to explaimthe various re{rtacc«ihnts in the garnej family. ^ 

Andradite is coifimon in gtanitic rocks, gneisses, etc.; and as an accessoty 
mineral in subsilicate eruptJve rocks, the ieucil;jc, and the nephelitic rocks. It 
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also occurs in serpentines,'beds o£iron ore, and as a product of contact niet,- 
morphism associated with wollastonita and pyroxene in certain volcanic rock: 
M. H. Kiaproth,®^ A.' MitScherJich, and F. von Kobell reported andra^ite to b ■ 
formed by melting vesuviailite, but C. JJoelter was unable to verify thij; indeed, 
andradito itself decompose^when it is riielted. \ des Cloifceaux’, and L Bourgeois’ 
expeflmcnts, also, do pot leid support to the validity of these early reports. 
F. Fouqu6 and A. Mfchcl-Levy reported that andradite is formed when nephelite 
and pyroxene are fusejl together, and (1 Doelter found this to be the casi when the 
fused mass is kept below its m.p. for same time. L. Michel |)rodu(^d andradite 
and sphene by heating a mixture of ilmenite, silica* and calcuini sulphide to 1200°. 

The colour of andradite may be greenish-yellow, byownish-yellow, resin-brown, 
brown, dark brown, and black. The differently coloured varieties have different 
names—allochroift)Is green; melaiyte, black; etc., as indicated above. Fiyim his 
observations on the actidh of oxid^'sinc and reducing gases oi^heated garnet, W. Her¬ 
mann w infei^d, that iron, chromium, and manganese oxides act as tinctorial agents 
8 . Tno crystallographic properties are indicated in connection with gros- 


r. The crystals were also examined by A. Bianchi. The sp. gr. ranges from 
3'3-4-]. W. E. Ford gavo*3'750. A. H.,Church* F. von Kpbef 


m garnets, 
sular. 

bel], G. Magnus, and 
M. SeebacR found a decrease in the sp. gr. of the mineral after it had been fused. 
The hardness is 6J^7. The ^.p. ’is, difficult to determine since, as indicated 
above, decmnpositioia occurs about that temp .—vide grossular. C. Doelter gave 
for the ij^p. of mmnito, §25°-950°; and V. S. Deleano and E. Dittler, 950°-1160°. 
For topazolite, A. Brun gave 1150°. A. Osann gave for the indices of refraction of 
demantoid with Li-, Na-, and Tl-light respectively 1'8780, 1’8893, and 1'9006; 
whije H. Roscflbusch gave for raelanite 1'8467, r8566, and l'8(i59. \V. E. Ford 
gave l'89r). M. Seqbach found a decrease in the index of refraction after meianite 
had been fused. G. A. Keilngott found that powdered and moistened allochroite 
reaffts alkaline to litmus. Both F. von Kobell, and G. Magnus found that 
garnets which are not attacked by hydrochloric acid, arc decomposed with the 
separation of gelatinous silica after the mineral has been fused—pyrope and, 
according to P. Jannasch, other garnets are more or less exceptional. M. Seebach 
found great differeneos in the action of hydrochloric acid since demantoid gives up 
0'94 per cent, to that acid, while andradite from Dognecea is abnost wholly soluble. 

f) 

A. Moiator found what appeared to bo liexagonal tabular cryst^s in tlio limestone in 
contact with tlie nopholine-syonite of southern Yenisei district, near the Angara River, 
Siberi^ an<l he called the mineral, The bjack colour is diie to carbonaceous 

irapuritiofl; the colour is bronze nfter heating, xhe composition corresponds with 
2{Ca,Mg)0 6 (AI,h’';j) 303 .tiSi 0 i, or idealized, MgaAl 5 (A/ 0 ) 5 (Si 04 )*. The uniaxial crystals 
have the sp. gr. 2'010; the Wrefringonco is beiow that of quartz ; tl^e ogtical^jharacter is 
positive. ^ « 

* F. Tacconi reporfod a brownish-red mineral in the limestone of Candoglia, Tocetal, 
which he called larameiitie. The cpdiDosition approximates barium ferrous ferryl triferrlo 
deoametasiUeate, 13a^Fe"(FeO)Fe"''3(Si03),o. The sp. gr. is 3 293, the hardness 5(, the 
optio axial angle 2f?=s75® 40'; the indesf of refraction is over 1*74; and the double refrac¬ 
tion is small. Tlio mineral is not decomposed by the ordinary mineral acids. 
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$ 53.1k>baU and Nicbfl Silicat(~ 

A. Breithaupt' applied the teAm a^iarile to a green mineral from amine at Kiittis, 
Voigtland. The name is derived from idvvogioi, an evergreen tjee, and should be 
connariie; »not conarite, from xovapot, well fed; nm^comariUh, from Kouapot, a 
strawberry plant—us suggested by A. d JB*C!loizeaux. Analyses by C. Winkler ctgre- 
spondod with 2Ni0'.3Si02.2H|0, or HgNigSiaOs.HjO, nickel hydrotrimetasiUcate; 
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F. W. Clarke considers it to be nickel letrahydro-triorthosilicate, H4Ni2Si80io. Tlic 
mineral was at first regarded as a pjiosphate—it contains nearly 2 per cent. PjOj 
According to E. Bertrand, ,the 9 ptic%l diaracter is negative; and the ciystals are 
probibly hexagonal.* 'The sp. gr. ranges from 2'469-2’619, tod the hardness is 
nearly ,1 C. Simmonds found the nick/1 is reduced By heating the mindi’al to red¬ 
ness in a stream of hydrogrtr. , A. Breithaupt’s frW Riittis, Voigtland, is 

consiuered to bo the gcj form of connarite. R. Schwarz and G. A. Mathis made 
nickel and cobalt metasilicates, NiSip^.BaO, and CoSi 03 . 2 H 20 , by Areating a 
soln, of water-glass wkh a salt of the metal. M. Riigor found that a mixture of 
cobalt oxide and silica in the molar proportions 1: J furnishes a v.iolet mass at 900^ ; 
the colouring agent can be washed out by dil. acids, and it is cobalt metasilicate, 
CoSiOs; ruby-red cobalt orthosilicate, Co 2 Si 04 , was produced by heating a mixture 
of the cjjnstitiient} in theoretical i)roportions* ff»r 6 hrs. at 100°, coobng quickly and 
di.sfiolving free silica from the j»wdercd product with pqtash-lye, and freeecobalt 
oxide with hydrochloric acfd. % Ij/ger could not mak’e ’nickel orthosilicate or 
j)ietasilicate*4^ the same process. L. Bourgeons claimed to have made both cobalt 
* and nickel orthosilicates by heating the oxide or chloride and an excess of ambrphous 
silica at a high temp, for several hours. Cobalt arthosilicate is said to be a violet 
powder consisting of deep violet, non-dicbroic crystals /('.sembling peridoite. Hie 
sp. gr. is 4'63. It goiatinizes with acids. Nickel orthosilicate is said to be similar, 
but the colour is grc«nish-yM!i»w, an'd the sp, gr. f'Sh. Folysilicates could not be 
made, R. ^lchwa(z*and G. A. Afatbias made nickel and cobalt amminometa- 
silicates^iNiSiOs.NHs.HjO, and CoSiOu.NHij.H^O, by the action of ammonia on 
the mctasilicatcs. li. Schwarz and H. Bausch prepared a reddish-violet non- 
crystalline powder of cobaltic cMorotriamminotetrerosilicate, [Co(NH 3 ) 3 Cl{Si 40 o)], 
by the action of a soln.of sodium metasilicate on cobaltic chloro])entsmminochloride. 
Wlatf. heated to 12P“, it yields blue cobaltic tetrerosilicate, CoSi 40 (i; it does not 
react with water or cold dil! hydrochloric acid, but the hot acid decomposesir, as 
doeS also a soln. of sodium hydroxide. A soln. of cobaltic hexamminochlorido 
reacts with one of sodium metasilicate. forming cobaltic chlorotetraminotetrero- 
silicate, [('o(NJl;d|(.Si 40 i,)Jt'l, which is freed from water at 105". When heated, 
it yields cobaltic tetrerosilicate. 'I’liey also iditained what they regarded as cobaltic 
tetramminotriterosilicatometasilicate, [(.'ofNHdjtSisOjllaSiO;,, by ilie action 
of a larger proportion of sodium metasilicati' on cobaltic hexamminocldoride. 
By treating cobaltic hexamndnotrihydroxide, [CofNIbddKOjfjs. with dioxodi- 
siloxane, bLSi./),, they (ditained cobaltic tclramminotetienM^catohydroxide, 
l()o(NlIs) 4 (Si 40 ||)] 0 H. For the vmlloidal cobalt silicates, oidc water-glass. 

In the .so-calj.'d nickel-<ii/miiilt* of F. A. Gently W,'Keller and H. Tiedeniann. 

O. A. Kenngott, and WG,!,,Taylor, the magnesium of deweylite^is in part replaced 
by nickel. It occurs as a grijen amorplious incrustation or stalactitic mass of 

'hardness .3-4, and sp^-gr. 2'409. It has beewreported at Webster, North Carolina ; 
To.xas, Fa.; Micliipicotcn, ,Lake < Su))erior; Saasthal, Valais. Analyses by 
F. A, Genth, T. S. Hunt, ,1. A. Baclwnann, P. H. Walker, and F. F. Dunningtcai 
correspond ajiproximately with ,2Ni0.2Mg0.3^i0.4.6H.20, or magnesium nickel 
tetrahydrotriorthosilicate* H 5 Ni.>Mg. 2 (Si 04 ) 3 . F. W. Clarke considers the m'ineral 
to be. nickel niagnesitlm ortholpsilicale, Mg-jNioSisOio.CHoO. J. D. Dana balled • 
it genthUe after F. A^Genth. 

A nickeliferous mineral fropi«New Calqdonia was described and in some cases 
analyzed by J. Gamier, A; Live.rsi(tee, E. Bertrand, G. vom Rath, P. C. W. Typke, 

A. des Cloizeaux, C. A. Mttnster, M. Glasse,r,_^ V. 'Thiollihrc, T. 8. Hunt, F. Zam- 
bonini, R. Helmfiacker, J. H. L. Vogt, 7V. L.*Austin, etc. A similar mineral was 
obtuined by M. Meissonnier, fron» Malaga, Spain'; and W. Hood, F. W. Clarke, 
H. J. Biddle, etc.,have likewise described samples from Oregon, and North Carolina. 
The composition it variable, but it is idealized ipto magnesinm nickel metasilicate, 
(Mg.NilSiOj.wHjO', orwajneatuni nickel diiydro-orthosUkate, Hj(Ni,Mg) 8 i 04 .«Hj 0 . 

P. Kraft discussed the formation of nickel magnesiuni sijicate gels by the weathering 



933 


•SILICON 

of magnesian rocks in the presence of nickelifergus rocks. M. Riiger, by the method 
indicated above, found that zmc cobalt or^jiosliicate, CoZnSiO^, could be obtained. 

If slmni^mde be a^ded to the mixtures befotJ calcfnatien the products arc mirj.utes 
of cobalt ipeta • or ortho-silicate with stannij oxide. Varieties of stmli were obtained 
by fusing mixtures of lobalt oxjde, silica,* and stannjus oxide, barium oxide, or 
alkali oxides. • * ^ * 

A. Liversidge attempted to distinguish a dark green‘unctuous variety which 
he called^joumeatie, noumeite, or n!«n«te,*after Noumea, Ww Caledonia ; and a 
pale green variety which adheres to thp tongue and whiA he called ijarwltrile. 
The term jormmWwas cmpfeyCfl by J. D. Dana. The sp. gr. ranges from 2^20 -2'Sl, 
and the hardness is 3-4. P. Zamboiiini found that under a pressure of 6 mm., 
and over 90 per cent, sulphuric aci(],dhe losses after the Ift, 51 h, and 32ud hour 
were respectively 4'57, 6’98, and 7'6l per cent. The jSartially'dehydrateiKuineral 
reabsorbs water to within 4 per cent, of its origiiral vatic.* When heated, water is 
lost: • ' ^ . 

• «9”-70“ 108"-110* 140” 238” Ml” 307" «r-125" 480 «^ 

Lo* . . 6'98 7-24 7-79 8'l)2 * 9'08 9'85 10 90 U'OS 

The grey colour of the mineral appears.dei^per at l td ’ at ’illH the colour is dirty 
green, and at 480*, dark grey. A. do Gramont studied the spectrum. (••>Simmouds 
founil that the nickel is reduee.d by lunitiug'the ijiiia'ral to^rednes.s in a slreaiu 
of hydrogen. P. Cornu suggested I hi! colloidal origin of garnie^kte, and 14 Zamboiiim 
found that the contained water may be replaced by alcohol an* other .sj^b.stancc8. 
K. Dittler observed that garnicrite adsortas aniline dyes. 

In 1788, M. H. Klaproth referred to a Rreon niokelifcrous mngmwiijm mlicato oallml 
chrymphraHti mrth. which was later called pimAite by D. L. tl. KarHten-.-from to/icAiI, 
fatnosi^. It WHiS also analyzod or doHonbed by C. F. Kamniolftborg,^\V. Jiaor, IL 
A. Breithaupt, and E. Bertrand. C. Schmidt described n pimelit-o wim-h E. i« (tlockt*!- 
found to bo diflei'ent, and ho called it aUpffc—from not j^rooay. R. Hermmm^nlKo 

described a nickeliforous magnesium silicate from Itofdansk, Urals, and lioiuo he enned 
it rtfdamkiie. It was analyzed by N. Bosborodko. (i A. Koenig oblametl a h\drn|o4 
.:inc nickel silicate from Franklin, Now Jersey, lie callotl it miilcAnU -after .V. B. tie iMui cs 
I t contained 38*22 per cent. NiO ; .31*02 per cent, SiO.; 1 \wr cent., ZnO ; 0 44 per cent 
of water lo.st at 100^ and 7*14 per cent, lost between 100® and GOO . 


f Kkferknck.s. 

‘ K. Zamhoiiini. .iemd. Lhmi^ (5), 6. IU2, 1909 ; (5), 16. 1,1999 ; MH Acmd Xapoli. 
(3), 14. 84,148, 1908; C. A. .Munster, .IrrA, M„lh. Nat. Vid., 14. 240,18!I2 ; A. hivcrsiilg.., Pror 
Hoy Soe. ,V..S'.1K.. 13. 1, 1881): ('1,0,1.'.'tor . 27. ol:). 1874 ; The J So,' Smith 

Wnlti. London, 270, 1888; F.V. Dujnington, I'liiiii. S*ais.2S. 770, 1872 ; T. I . H. Iypke, ili,, 
34 193,1878; It. llelmhackcr, fAVer. Zed Wtrr/.//ii«., 27. 3.7, IJf'lk; V. ' I'lollicrc, .4„« 

(7), 10. 533,1876' J.ll. L. Vogt, Zed. praW. fJrel., 1 2«I,IZ93; W. L, Austin, ti., 5 20.1.1899 ; 
A. dcs Cloireaux, Balt. Sm. .M,,,.. 1. 29, 1878 ;’E. Dcrtrand, ,1,. 6 7.7, 1882 ; A, dc (.rniinait. 
rt., 21. 9.7, 1898; Compt. Bend., 128» 1513, 1898 (.L. Hourgeoi.s, ,1,.. 108. 11/7 1889, 
M. Mcisnonnici? fi., 83. 229, 1879; E. (llasser, /5, !43 Tllit. 1906; J, (..mner, d/.. 82. 1454, 
1«70; 86. 68,7, 1878; Bull. Nik. Owl., 24 438, 1897; K W, Elarkc, The t omt,M,m «I Iht 
Natural Stlicalea, Washington, 111, 1914*; d wtrr Jaurn.Saencf, (3), 35. 483, 1888; .L U. liana, 
tb.. (2)»44. 256, 1867; T. S. Hunt,i6„f2), 10 417, 18,.a; INp • 

W. Bafir, Ber. Nalurwm. Vcr. Halle, 4.188.1851 ; Jouri,. pralct. them. A *). 55. 49.18o2 ; vom 
R,ath,Sdricr, Niederrh. Oee. Nat. Bom. 8, 1878; 315, 1879 j W. llooh, ■■louree, li.S.d , 
1. 404, 1883 : Mia. May.. 5. 193, 18^ ; H, ,J. linidic, ik. 4. 170, 1886 ;*.J. A, Bachinann dnnr 
Uhem. Jotira., 10. 45, I88»; P. 11. Walker, it,.. 10. 44, lljSS; E- A. Munshs /IrcA /tf/A Nat 
14. 240, 1892; C. Sehraidt, P«t<). Aaa.. 61. »S‘). 1848 ; ft. .li!:' 

amrg. Chem., 126. 80, 1922; R. 84wara ami H. Bagseh, Ber., S*. 802, 1921 : J” > • 

Joarn. praH. Chem., (1), 34. 504, 1845; % Hermann, «., (It, 102. 400, 181); ; N. BrslwrodA 
NeuerJam. Min. B.B., 34. 791, 1912; ,M. H, Itfaproth, Botyme zur clmmurh,,! 

..r ... ^ .. aa Q 17 17UH* li L. (k KdlSten. 


Dresden. 351.1841; £erg. IMU. Zlg.. 18. 1, 1869 ; U. Wmlilor,^ - - e. 

Proc. Acad. Philaddphu, 185, 1889 ; C. F. R^elsberg, HaaMuchder 
871, 1860; H. Fiachet Krilische mikroilmpiMmineralogtKhe Sludttn, mberg, .11, 69, I tU 1 , 
C. Simmonda, Joarn. Chem. Hoc.. 8K. 1449, 1903 , 86. 681. I9W : E. ], »*' 

1909; F, Comu,ii.,4.143,1909* M. Riiger, Kef. Rand.,\\. 79,87,99,^110,1923; 1. Krail.dfitr. 



934 


INORGANIC ‘AND IpIlORmGAS'CBBaiSTRY 


I’remi. Geol. Laiidmiisl., 20. J15, 1915; jO. A. Keimgott, M Mineral, o , 
Eigemhaflen md Enndariev, Leipzig, M, 1866 ; W. Kelkimd S I'k 

PiM'Ipkia, 3.487,1851 ; If, 4. Taylor, Amer. Jemm. Science, (2), gg igg fofa”' 

Pm [ime,-. PM. Soc.^l, 1885. ' ' »i.GeS' 


§'R Silicon Euorides 

Normal silicon tbj^aoride, or f^taSuomlm, SiF^, was dkcSvemi bv 
C, If. Scbeek,’ in 1771, during Ms experiments on the action of sulphuric add 
on duoripar. He found that the volatile acid is tdtaVy differenft from every other 
in dissolving silica from glass, etc., and carrying it oS in the form of rap. " H'iicu 
the attempt was made to collect the gas oyer water in the pneumatic trongli, 
pure silka was deposited as the gas came in contact with the water. F. C. Achard, 
A. 0. Monnct, and M. IhuhmgtF rHised objections to thkwork (8. 17, 2), hut, m 
1780, U. Vf. Scheele complete^ eA,ul)fishecl the validity of nis former obecrvatioji.s. 
,rf. ('. VfiegIctr.I. C. F. Meyer, jh F. Biichok, and G. Wenzel also showed t^at tlu' 
silica in the gas was derived from the glass retort, and that the gas is obtained bv 
heating a mixture of'silie'a sand, Huorsyar, anti 8ul|(hnric acid. Further, the 
(quantity o^silica given up by the gas in contact with water is^eijiial to the quanttty 
lost by the .silica in* the nitort. I» 1775,.!. Priestley repeated (h W. Scheele's 
experiinefStsi ami collected the* gas in a dry vessel over mercury. He also made 
observations on tlb^ chemical projierties of this gas. The nature of the gas was 
established by the work of J. L. Gay Lussac and L. J. Thenard, J. Davy, and 
J. J. Berzelius. 

• While the imtiire of silicon tetrafluoridc^ was being established,.the remarkable 
cffe.£t obtained by passing the gas into water was noted. ,T. Priestley, lor example, 
saiiTtiiat the water*eontain8.an acid, and added : 

lly a repetition of the process, the aeicl liquor may bo procured of a very eonsidorablo 
(iegreo of strength. Tliem seems, however, to bo a limit to its stiength; for the acid is 
exceedingly volatile, as is evident from its pungent smell; so that 1 thought that I gained 
nothing by rep(«ating the process more than eight or ten times ; because it was impossible 
to transfer the water from one vessel to another, but more acitl would be lost by evapora¬ 
tion than would bo acquired by another impregnation with the acid air. 

Tho acid is the so-oalled hydroflaosilicic acid, HoSiFs, ami the salts flnosili- 
Cates, silicofluoriiles, nr .silicijbioride.i. The natjire of the aeid'was made clear by 
J. .f.,. Berzelius. The salts were lairticularly investigated by (!. W. Sehcele, 
J. J. Berzelius, and F. Stolba, and their fsomorpllous ^Relationship with the duo- 
titanates, fluozirtonales, and fiuCsIannates establi»hed by J. G. G. de Marignac. 

■ In addition to silicon 'fcetrafluoride. Hi St. C. Deville,^ atid ,L. Ttoost and 
cP. Hautcfcuille reported the ff,rn.ation ''ot a lower fluoride, silicon subflaorido, 
when the gaseous tetPafluoride is pissed over silicon heated to the softening point 
of glass and then suddenly tooled.*' He also obtained, at the begfhning of the 
reaction between silicon tetrafluoride find aluminium, a small quantity of a volatile 
fluid which wetted glass < with difficulty,,and -was thought to be a subfiuoride. 
L. Troost and P. HtiRtefeuille, by sparking sificon tetrafluoride between silicon 
electrodes, obtained the subfliieride accompanied by, a white sublimate of what they 
regarded as a subfluc'fide. The need for abrupt cooKng is due to the decomposition 
which occurs at a*dull red-heat.' Thy whiteqiowder is decomposed with the evolution 
of hydrogen when treated with aa, ammonia, ,,or pl)tash-lyc; water at 0° trans¬ 
forms it into hydroxide; it reduces permanganate and chromate soln., but does 
not reduce auijc chloride or Uelenious aifid. A. Jgquerod and M. Tourpaian found 
thaJ when silicon tetrafluoride is fassed over*glass-wool at a red heat, the weight 
of the normal lifje incresues from 4'693-4’820 grms., and they explain this by 
assuming that a subfluoride is formed.* iThc''evidence for tjie existence of the 
subMuoride is not unimpachable ; and its compositm is unknown. 

The, piepuation of silicon telraflnoride.— Carbon* tetrafluoride can be made 
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ly the direct union of the elements, and H. Mq^an ® (ditained silicon tettafluoride 
py the action of fluorine on ci^stalline or qpiofphous silicon, or on silica contained 
m a fiuoflpar tub^ E. Vigouroux said.thrft thd reaction. b,etween fluorine, and 
silicon is attended by incandescence. G. Newth also obtained the gas by the 
action of dry hydrogen fluoride op crystalbae silicon. H. Moissan and F. Siemens 
found that the gas is formed*when the soluble mc€ification of silicon is difested 
in hydrofluoric acid. The gas is also formed when hydroffunric acid acts on silica 
or a silicaft ; thus, the anhydrous acid becAnes heated when in contact with glass. 
ai*d boils un with the evolution of silicon tetrafliioride. fhe process of etoliing 
glass with nydrofliioric acid dtpends oii the formation of silicon tctr|fluoride 
when the dil. acid or the vap. is allowed to act on glass. G. Gore made the gas 
hy heating potassium hydrofluoride, with an excess of silica and sulphuric acid : 
2K;HF,+8iO2+2H2S04=2KHS04+2HaO+SiF4. • ’ . . 

The early workers-j-w’de supra- obtained .?ilin)n t*tnilliioride from a mixture 
of fluorspar, p^owdered glass or sand, and suifihifl-ic acid. 'I'his is also a common 
way of jireparmg the gas. The mi.xture is heated yi a dry glass flasIfTitted with w, 
safety-funnel containing mercury. Water must he carefully e.xelmled sini'c 
otherwise the gas is deccvniiosdll; consequently, an •exceSa id sulphuric acid is 
(‘ul^loyed to absorb the water formed during the reaction: t'lJi'.j 1 H. 4 St )4 
- 2 IIF-l-CaS 04 ; and 4HF-j-Si02--2H2() I SiF 4 ^ il'his process was recom¬ 
mended by J. J. Ilerzeliua, W. Hempel, etc. According to .\. .1. Herjeflua, if the 
glass which comes in contact with the silicon tetrafluoride Iiaifthe sligldest trace 
of adsorbed moisture, it becomes clouded by an opaiitic deposit of siW'a which 
adheres tenaciously to the glass. The gas can he collected over-mercury. 


A thonnigtily dried mixture of 4 parts of iiiiorspar and 2 3 parts of ifaiai or powdeiAl 
glass is put in a dried ttosk, and 5 parts of sulphuric acid are added. 'I'lio wliote h^ell 
mixed liy shaking the flask, which should not bo more than half llllAl. Heat is gr#(naUy 
applied, and the gaseous product collected over mercury. If passoil into watia as in the 
preparatioiqof liydrofluoailicic acid, if the delivery tube is narrow, it soon iMa'omes choked 
with silica. There are several methods of overcotning this ditlicidty. L. .f. Th^nariJ 
mode the end of the delivery tube dip under mercury. Care, of course, is necessary to 
prevent water getting in the tula) above the mercury. .T. .1. Ilentolius, A. Maus.^ and 
1. Gmelin devised methods of passing tfio gas into water witliout choking the delivery 
tube ; but none is so good as the mercury process. 


11 . Moisutin recommended purifying the gas by jiassing it through a tube containing 
pieces of glass or flass-wool, and Jicatcd to redness. Hy cooUng the gas to —(10° 
the hydrogen fiuOride is condensed ; and that impurity can be removed hy |insaing 
the contaminated gas thwmglf a tower jiackiil with sodium f|uoride. The gas 
can be condensed by cooling iif liquiil air. and purified hy fractional distillation. 
As indicated,abote, A. Jaquerod ami M. Tourpaiafl said that the trcatmsnt 
recommended by H, Moissan decomnosA somit or the gas. G. Truchot prepareA 
the gas of a high degree of purify by stropfy, heating barium fluosilicate—30- 
iO grms. of the salt gave between two and three lititis of gas. * 

L. Troost and P. Hautefeuille* obtained‘silicon tetrafluoride by passing boron 
triflusridc rapidly through a poijbelaiu tube at a reiF heat; II. Moissan found 
• arsenic trifluoride likewise reacts with glass at a dull reit-hcat; and A. Simon 
obtained the gas by the actiorsof carbon te.tralluorillc or phosphorus trifluoride on 
silica, or a silicide of iron andinangauesc, H. St. C. Devillc noted that a little gas 
is formed when steam is pass^ overa iflixture pf flhorsijar and sand at a red heat; 
and C. M. Tessie dn Motay, oy haating a miirture of fluorspar, silica or clay, and 
carbon.. In the latter case, the’gas is accompanied by tmrbon monoxide. 
S. 8. Svendsen represented tlie reaction between ‘calcium fluorgle and silira: 
2 CaF2-f3Si02=SiF4+2CaSi0j; and 2GaF*+Si02=SiF4+2G80. II water vap. 
be presenfi, the Yeaction may furnish hydrogen fluefride: 3EaF2-|-Si02-f3H20* 
= 6 HF+CaSi 03 d-SCa 0 , or hydfoflu»4llicic acid, 3€aF2-| St02-|-H20-HJiF, 
-p3CaO, according'to the profwrtion of water used. H. Moissan noted that silicon 
tetrachloride is not attackfid by fluorine in the,cold, yet at 40°, the fluorine bums 
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with a pale flame, forming, silicon tetrafluoride ; and memo trMuoridr 
the cold with silicon tetrachloride}fo^g siliconitetrainoride and 
cMopde. 0. Buff L,Albert Skewjse found that antimony triduoKl‘7eut 

with silico-cbloroform, SiHClj, forming silicon tefraiuoride; and E. Jjijj 
prepared silicon tetrahorido from a imxtnre of lead duoffds, calcium gmcati'.aid 
aJial* nitrate. * * ' 

The physical propdiies of silicon tetraOnonde—This compound at ordinary 
temp, is a colourless,* pungent, fuming^as. J. Dalton gave for tie deiSity of the 
gas,.417; J. Davy, S-5735; J. B. A. Dumas, 3'60; and C. Truchot, 3 6 when 
the theoretical value, air unity, is 3'61y. A. F.« 0< Germanit and*H. S, Booth 
found AG840 grms. for the weight of k normal lito at 0“ and 760 mm.; and 
A. Jaquerod and M. Tourpaian 4-693 grms,—vide su^o—they estimate the coeil. 
of comurrasibility to be 0 000069, and the coe'flScient of expansion under constant 
press, between 0° and IB'IJ" toVbc'a=0-003754 ; and between 0° and 30°J and a 
constant press, of 726 mm., a=# 008752. M. Faraday saFd that at —106-5° the 
, ^as liquefiedrtBtder a press, of about 9 atm. to form a clear, transparent, colourless, 
mobile liquid ; but it did not sobdify at any temp, to which it could be subjected , 
he added that it the gas confined in a sealed tube be copied to 0" by a little ice, a 
liquid appwrs, but by cooling with a mixture of ice and &lt there is a greStcr 
condensation of thS gas—the prqss. approximating 30 atm. According to 
H. Moissan^ at —97* and under atm.' press., silicon tetrafluoride forms a white 
amorphous solid, 44. tflschewsky said —102", and that by raising the temp, the 
solid vajJirizes without passing into the liquid state. 11. lloissau found that 
under a press, of .2 atm., the melting point was -77"; the resulting colourless 
mobile liquid hpd a boiling point of —6.6° under a press, of 1810 mm. 0. Ruff 
and*K. Albeit gave —90° for the sublimation temperature at 759 mm. press. 
li.Hfoissan gave —7-5° for the critical temperature, and 60 atm. for the critical 
procure. A. Guntz, H. llammerl, and M. Berthclot found that the heat of 
formation from crystalline sihcoii and gaseous fluorine is 239 8 Cals.; and E. Baur 
Calculated 219-6 Cals. F. Fischer and K. Thiele found that the heat of soln. of 
silica is greater than that of boric acid in hydrofluoric acid. \V. ilerz gave 
2 89 for the chemical constant. B. 11. Wdsdon studied the ejiergy involved in 
the motion of the electrons during the dissociation of sdicou tetrafluoride. 

According to A. Dufour, J, C'hautard, E. Demarjay, etc., the spectrum of the 
electrical discharge in a tube containing the gas is banded. 41. Porlezza studied 
the regularities in the band spectrum of silicon tetrafluoride. The Zeeman effect 
has been studied by H. 51. Reese, etc. J.4!hautartl shqwed that new lines appear 
when the discharge tube is placed in a magnetic fehl, and A. Cotton showed that 
the lines persist after the 'magnetic field ii withdrawn; hcnce' thay arS probably 
„due to chemical action since the.glass is atstacked. The magnetic spectrum consists 
of diffuse rays acconfpanied at thmred end by <i background of varying intensity, 
the latter being often resolveddnto nfore or less widely-spaced channels. The lines 
may be separated into three principal groups,, of which the frequencies in each 
group obey Deslandres’ formula A'=A— tide. 4. 25, 3. In the first two 
groups, the Zeeman..eifect is abnormal, and in the third group normal. H, Buff ^ 
and A. W. Hofmann electrically heated an iron ox platinum wire in an atm. of 
silicon tetrafluoride,,but the amount of gas decomposed was scarcely perceptible ; 
on the other ha'nd, W. R. Hedgkinson and F. K. Lowndes similarly heated a 
platinum wire to its m.p. and obtaiued crystals of silicon at the bottom of the 
containing vessel, M. Berthelot, ahd H. Moissan found that the electrical discharge 
did not decompose the gas after an h6ur's actiqa, but J. M. Seguin found that 
witH the spectroscope the electrid discharge ‘ furnishes a blue fluorine line— vide 
' supra. L. Troosf and P. Hgutefeuille found that sparks from 'an induction coil 
between carbon electrodes decomposed the gas, while the silicon deposit which 
collBcted was thought to be a subfluoride—uSe supra. If the tetrafluoride vap. 
be passfid over heated silicon, a ring of crystalline silicon is formed in the part 
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{the porcelain tube just below a red beat; ,and similarly with the voltaic arc 
b ‘tween silicon electrodes in an atm. of silicon •fluoride, the flame has a violet glow 
ud a bAliant enyelope containing finely ^ividfed silicon, ^which is gradually 
deposited ^n the inner surfsipe of the vcjsel. When the distance between the 
* oles is as Jarge as posiiblc, the light shows a most brilliant violet colour—vide 
lexachlorodisilane. W. J. Perpo gave 11'61 for th(? refcta^tion eauivalent d the 

’jj* -Tsdiclc* » ^ 

’ The properties of silicon teftafluoride.— The rtnnposition of silicon 

[eteafluoride can be represented graphically on the assui/ptious that silicon is 
ouadrivalentT and ■fluorine i«i\1ilent Fj, or, if fluorine be^terva^jmt, the 

compositions of silicon tetrafluoride and 'of hydrofluosilicic acid, IloSiFe, can be 
represented by the formulie; ,. ^ . 


Sillicon tetrafluorlde. 


Hy^rofluosUicic acid. 


,1. Davy said that the gas,r<-ddcSs litmus even when carefiiHy ilricd. Most ol the 
inetalloids are wilhont action on silicon tetraflnoride, but when heatup with the 
metals, the gas -is decomposed. J. Davy ,lid not iftiy sign of chemical 

change when a mixture of silicon tetrallmfl-ide amt hydrogel} is exposed to sun- 
linht • but J. M. Seguin found that there is a reaction if the im.vluro be sparked, 
if Moissan observed no reaction by sparking a niixtiinl of equal vo s. U OJEjr^n 
and silicon tetraflnoride. The gas is not comlmstible, and it does not supimrt tlic 
combustion of a taper or burning wood. The gas forms a 
expo'sed to ordinary moist air; and the crystalline product, when 
from acid with warm water, and dried at 13(»“, has, ijcjording to 11. IF Lai^lt, 
the composition H8i,0,F; r.e. IlF,2Si()„ or hydrofluom^odisihcic apd. 
HO.SiO.O SiO.F. When this product is heated by the gas-blowpipc it los s 
silicon tetrafluoride, water, and an acid (^as. Ihc resu uc *^1 

as.sociated with S'OG per cent, of fluorine and 

mjm the alkali oxylluo-silicates. On the assmuptmn that the *; 

silicic acid contains some free silica, H. Schifl and K. Bechi represent the rca t o . 
8IISi.,04F»hSi0,=2H,0+2lIF+SiF442HSi„0,el. . Hie '^ ^i^® 

acid volatilizes completely when heated with ammomum fluoride. J. J. 
discussed the possibility of the existence of IHF.SiO,. Water » 
poses a large U'lt'tv of m with the l’r<iiiii''''e;i "f 
ind hydrated silica: 3 §iF 4 H. 2 H, 0 ‘.SiO, j !l4.8iF„. H 
K. Danil'discussed the reaction from Ihc point of A,™ J'. 

In 24 hrs.,saia J. J. BerzeUns, 100 parti^of watcr%bsorb If.".*’“J • 

the absorption at first is rapid, but as the Im.nd of 

cipitated siUc'a, the absorption is much slowc/ According to ^ 
water absorbs 265 vols. of gaseous silicon tetraluoridc. The 
acid, said J. J. Berzelius, is som^hat* soluble In v^tv, T 

fourth, not one-third, of the silicon of the gas appears m 
priMiipitate is thoroughly washed, it is quite free from 8“^’" ' ... ^ 

there is a marked difference imtlie products of the reaction f^tween s.hcon Wtra 
fluoride with an excess of wafe^ and witlsa limited snpp y o ™ Pj -1 forming 
to A. Daubree, water-vap. at i rc4 heat d««7P«r« l‘^in ^ 
crystalline silica. According to A. fluntz, 211/)-t SiPsy to nrevent the 

and this reaction can occur only when tlft temp, is «'‘ough . P 
secondary formation of hydrofluosiflciciacid \fhich deve op Uantefeuille 
compensate for this absorption. According to 1.. , ' _ „ 

steam above 150» ss not decompose.], by silicon t«trafluonde R Baur^as 
shown that the cflndition oi equibbnum of the gas (<hMe corrrapo 
C^io/c4F=163xl07%t 104“, and 5-4xl0; at 270”. ^The equilibnuBi point 
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of the reaction favours tbe decomposition of the silicon tetrafluoride with rise of 
temp. Hence the formation of sflicop tetrafluoride and water from silicic and 
hydrofluoric acid i^ accompanfed hf an evolution of heat, and from t^ equation 
(i(log K)ld1—qjR'l\ the heat evolution ja calculated to be Si02+4HP=9iF4+2H.iO 
=8'945 Cals., which is abojit one-third the valuj 25 8 caliuhted from the thermo- 
chemical data. ^ * • 

Cone. aq. hydroduoiic acid was found by P. Kessler to absorb silicon tetra¬ 
fluoride to form Uydrofluosilicic aefd; but hydrogen fluoride, according to 
C. Truchot, docs no^ .unite with silicop tetrafluoride at temp, do^n to —30“. 
J. Davy found that iodine can be sublimed in the gas without chemical change. 
.7. Davy did not observe any reaction by heating s^phur in an atm. of silicon 
tetrafluoride; and H, Schiff and E. Beehi fujind that when the gas is heated with 
hydrogen SUlphide*thcro is' no qheniical change. , 

J. Davy did not ebssrveany decomposition of silpjon tetrafluoride when 
carbon is heated in the gas. A&oftling to W. Kno|), absolute alcphol, or alcohol 
•with 8 per ceUh. of water readily absorbs silicon tetrafluoride without the eeparatioii 
of silicic acid, and a strongly acid fluid of sp. gr. I 044 is formed. When exposed 
to air, the lupiid (isHed By W. Knop Ifkseljlmalcohol, gives^ off silicon tetra¬ 
fluoride, and when distilled, the same gas is given off and some silicic acid ^rst 
separates, and afterwards a silieifeeous alcohol distils over. W. Knoj) also found 
cthylortHoijilicatc a/ql" hydrolfiiosilicic* acid among the products of the action of 
silicon tjtrafluorifle on alcohol. When the Kic,selfluoralcohol is mixed with a 
little wdter it gelatinizes,‘but with much water it forms a clear soln. Aq. ammonia 
prooipitat(!s silicic acid, and on addition of aq. alcohol imoduces a compound of the 
•omposition (Nll 4 ) 5 Si 3 Fi 7 -e«ie infra. Many organic compounds, e.g. aniline, 
0 - "and p-tdluidine, dimethylarninc, dinicthylaniline, p=chloraniline, quinoline, 
acStblie, etc.—unite with silicon tetrafluoride, forming additive products. 

,According to .7. Davy, dry ammonia reacts with dry silicon tetrafluoride 
forming white Kilkon diamminolchiijluoritle, SiB’4.2Nfl3— infra. "A. Hileman 
'bhowod that when the gas is p8s.s(nl into aip ammonia, ammonium fluoride and 
silicic acid are formed. Silicon fluorid(! was found by .1. .1. Berzelius to unite with 
nitric oxide, nitrogen trioxide, tetroxide, and pentoxide. P. Kuhlmaun showed 
that nitric acid absorbs silicon tetrafluoride copiously, forming a fuming liquid 
from which water or alkalies precipitate silicic acid. .7. Davy said that the gas 
is not decomposed by heated phosphorus. A, Besson fouml Vhat at —22° under 
a prass. of 50 atm. two vols. of phosphine unite with 3 vols. of silicon tetrafluoride, 
forming white crystals of silicop phospHinotdrafiuoru'e, 3SiF4.2PH3. J. Davy 
found that the gas is absorbed Ify antimonic OXi&. 

According to J. L. 'Gfiy Lussac and 'L J. Thenard, and' .7. 'if. Rerzelius, at 
ordinary temp., potassium hak'a''slight'ac\ion on silicon tetrafluoride; when the 
metal is heated in the gas it becomes white ; then darkens, becoming black; then 
it takes fire, burning; with a dkrk red flame, absorbing a quantity of the gas eqqpl 
in vol. to that of the hydrogen which''would be'ovolved had the metal been treated 
by water. The resulting hawl poVous mass whilfh remains is a mixture of potassium 
fluoride, potassium dbiosilicate, and silicon. The behaviour of sodium is similar. 
J. Davy observed that the gas was not changed by molten zinc. H. St. C. Deville 
passed silicon tetrafluoride over heated aluminitfm and obtained a mixture of 
aluminium fluoride and silicoA. A. F. O'. Germa'qn and H. S. Booth found that 
the gas had no action on. mercury.' J. J. Berzelius said that when the gas is passed 
through a layer of white-hot iron turnings,' very little is absorbed, for the iron 
becomes covered with a thifl layer of siiieon and Kon fluoride; B. Fr4my said that 
wh'en the gas is heated in the prcsepce ef iron or platinoin, the metals are trans¬ 
formed into sibcqfes, and Moissan said that at a red heat the'gas is. decomposed 
with the liberation of some free fluorine.' ^ " • 

*'According to J. Davy, aq. soln. of the bases art like water, precipitating one- 
third of the silica and forming a fluosilicate of the metW, or they simply precipitate 
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the silica and form a fluoride of the metal. Many of the alkalies, alkaline earths, 
and anhydrous metallic oiide* absorb siliegn ffuorides with the evolution of heat, 
8 ometimc 8 *with incandescence, forming a mixfure of th% metal fluoride and silica. 
According io C. Truchot, when the' gas 1; treated with lithium, hydroxide the 
alkaU fluoride b formed ;»similar results wer 6 obtained |jy J. Davy, and C. Truchot 
with sodium hydroxide : SiF 4 S(- 4 Na 0 II= 8 i 02 + 2 H 2 'D+ 4 NaF, but with potaAium 
hydroxide, the fluosilicate was formed; 3 SiF 4 + 4 K 0 H=Si® 2 + 2 H 20 + 2 K 2 SiF 5 . 
According to J. Davy, calcium oxide becoiSes red hot when jilnmersed in the gas, 
and the re^tion is probably eq. to ?| 0 aO-|-SiF 4 -- 2 CaF 2 +SiO 2 . If calcium 
hydroxide be present, heat is>ne 8 c 8 sary to^tart the reaction. J. Dgvy aba> found 
that barium oxide absorbs tlje gas, and the product gives off the gas when treated 
with sulphuric acid ; according to J.3. A. Dumas, if the bakryta be heated in the 
gas, th^mass becomes incandescent, and the reaction approxiindtts to SiF 4 »l 4BaO 
- 2 BaF 2 +Ba 2 Si 04 . J, Davy found that silicmi tctralluoride combines with 
magnedum OJjlde without ignition, and the ^as*is also absorbed b^^jpangauese, 
and mercuric oxides ; and coi)iously by ferric oxide. The gas is ex])elled witir * 
sulphuric acid. He also found that aluminium oxide absorbs the gas. T'he action 
of silicon tctrafluoride on hnated aluminq enabled A. DAubrcc to synthesize topaz, 
ainfother minerals. I’he reaction has been investigated by Jl. St. (I. IM-ville, and 
A. Reich. The gas is said to be uii miiiirajimleiir jxii e/ri'lknrc. I,. Troo.st and 
1’. Hautefeuille found that red-hot alumina, and zirconium OXide ard rapidly 
attacked by silicon tctrafluoride. Silicon tctrafluoride, said'.T. if. Berzelips, is not 
absorbed by boric oxide, but it is absorbed by botic acid‘, forming a whitF powder 
which does not fume. When the jiroduct is treated with water,'part is dissolved, 
forming a soln. of hydrofluoboric acid, HBF 4 . A. Hileman fouiul that when a 
eonc. aq. soln. of potassium chloride is treated with silicon tetratluoride, [lotassj^m 
lluosilicate and hydrochloric acid are formed. J. .1.'Berzelius observed tllSTiio 
action occurs when the anhydrous alkali carbonate and alkali borates are treated 
with the galh. J. Davy showed that the gas is not affected by fused potassium^ 
chlorate, or by heated calcium chloride. B. Troost and I’. Hautefeuille found that 
at a red heat porcelain is slowly attacked by silicon tetratluoride,; and H. Rose, 
that glass is slowly attacked at ordinary temp.- possibly owing to a film of moisture 
on the glass—because A. F. 0. Oermann and II. S. Booth could detect no action. 

Accordhig to 0. Ruff and C. Albert,'* silieochloroform does not react when 
heated with lead aiW silver fluoridjs ; with antimony and arsenic trifluorides in a 
se,aled tube the feaction is of the ty))e; SSiHC'ljH 4SbF;|: .SSil'Vl 2 Sb+ 2 Sb(.'l 3 
4-31101; but with tin and titanium tetrafluorjjles. the reaction,is of the ly|ie: 
3 SnF44-4SiIICl3=4SiHP3f3Snffl4. The produft,, silicofluoroform, or trifluo- 
silane, SiH^’j, js bclst obtained by heatmg molar propbrtmns of silieochloroform 
and titanium tctrafluoride in a closeiil copper lA-siftl or glass tube for 18 hrs. at • 
100 °-120'’. 'IJhe vessel is then cooled in liqqjd'ivir and allowed to become warm 
slpwly, the gases evolved being condensed by mearts of liqiifd air. Silicofluoro- 
form boils at —80 2° under 768'5 mm. press., and melts at about - 110°. It 
slowly*decomposes in a sealed glajs tube, even fit the Ordinary temp., according 
. to the equation 48iHP3=-4H24-3SiF44 Si, the decomp<jstt,ion being greatly 
accelerated by heat. It burns*in air with a very pale bluis flam(>, the temp, of 
ignition being higher tjian that*of sibcochloroforin,; 12SiHF34*60j=38iF44 38102 
4 -4H28iF84-2H2Si03. Water,'and sddium .hyifroxiije decompose it thus: 
28iHP3-f4H20=Si(0H)44-H2‘8iF,-4-2112. Alitohol forma ethyl orthosilicate, 
Si(OBt )41 ether forms ethyl silico-flrthof^niate, 8iH(0Et)3, aihl ethyl fluoride. 
Toluene dissolves itij own vol. ofeiUc^fluoroforni^ ’ 

* • 
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§ 55. HydrofluoMcic Acid and its Salts 

’'o' 

The observationo of J. Priestley i and others on the preparation of hydro- , 
fluosilicic acid, HzSiFj, have been previously indicated. The acid is known only 
in soln., for all attobipts to make the anhydrous aVid cither by concentrating the 
aq. soln., or by t'he direct union of JiydrogOn lluoridp aid silicon tetrafluoride, have 
proved abortive. J. Prisstley shoved that in the former case, the acid volatilizes, 
after a certain cone, has been obtained Although F. Kessler was able to prepare 
hydrofluosilicin acid by the'action of silicon tetsafluoridc on a cone. aq. soln. of 
hydrofluoric acid, C. 'Trnchot obderyed iw sign of combination in the absence of 
water. J. J. Be^elius okteine/1 the acid by the action of cold dil. hydrofluoric 
acid on powdered .quartz. .The silica dibsdvee quietly at firs^, but afterwards, if 
the' quartz be in excMS, and the acid cone., silf.con tetrafluoride is evolved. 

J. J. Be'zolius’ method of passing silicon tetrafluoride into water for the preparation 
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of hydrofluorilicic acid has already been indicated. Tlje mixture of aq. acid and 
gelatinous silicic acid is separjded by straining^ir filtration. The resulting liquid, 
mid J. J. Berzplius, is a dil. soln. of hydrofltio»ilicic»acid,with a little silicic acid in 
soln. The preparation of hydrofluosilicic'acid by thi^ proce^ was discussed by 
F. Stolba, W. Hempel, A. Ziegler, A. W, H(^mann, and C. M. Tessi* du Motay and 

E. Karcher.* F. StollA also u^edAryolite in place at ffiiorapar., A. Ziegler {pund 

the absorption of the gas is favoured by warming the watcA^ 60°-70°. F. Stolba 
showed thi^ if the sulphuric acid contains arsenic, the Jiydroflnosilicic acid will be 
contaminated with arsenious fluoride. • • 

FleiscllSr treated a mixture of silica and cryolite Tiith a boiling soto. of 
l)arium hydroxide, and obtained bariumlfluosilicate. The product was boiled 
with a soln. of calchun *sul]thatc acidified with hydrofluoric acid ; the soln. of 
calcium fluosilicate was mixed with a*h*equal vol. or more of ijcehol, and^lfercd 
from tlft precipitated Barpim sulphate ; the cafcujfrtcd quantity of sulphuric acid 
was added, the calciura'sulphato filtered off, ami an alcoholic soln. of hydrofluo- 
silicic acid obtained. E. Baur and A. fllassner obtained a soln. of •rift acid of a. 
hieh de^ee of purity by treating purified and dry’barium fluosilicate with cone, 
sidphuric acid in a platinum retort. A. F. Meyerhoffer uee(l calcium fluoride. 

F. A. Hoppen obteined hydrofluosilicic acid as a by-iiroduct in the jj|irification 

of graphite by hydrofluoric acid. For the preparation of diydrofiuosilic.ic. acid 
by the joint action of silica, calcium flmfride, aial steam’ by S. S. Swendsen’s 
process, vide silicon tetrafluoridc. F. Halla purified fhe atmWby the following 
process: * * 

Commercial hydrofluosilicic acid may lie purified by removing tfie arsenic with hydrogm 
sulphide, and the excess of gas with a current of air ; precipitating tfie iroif with potasumnt 
forrocyanide; treating the soln. with copper sulphate, filtering, removing the exc^of 
copper with hydrogen sulphide, mid the excess of the latte/ with ait; adding loadwWo. 
.sihi'iite to precipitate sulphuric and hydrofluoric acids, and removing the liwl m a 
way to the copper. Addition of barium hydroxide,In veinovc the liydrolliioric Snd 
sulpliurie acitts is not so good, ub it causes a wiiall amount of the hydrofluosilicic and to^ 
hydrolyxe. 

A dil. soln. of hydrofliiosilicic acid can be cone, by evaporation at a low tiunp., 
Imt the process cannot lie carried very far hi'causc the soln. at 40° can be 
evaporated completely without residue. According to J. J. Berzelius, cone, 
hydrofluosilicic acid,exposed to the air at ordinary temji. absorbs moisture until 
the cone, has acquired a definite vifliie, and a very dil. acid, on the contrary, gives 
off water in air until it attains 4he sama cone. 'Fhe most none, acid J. J. Her»v 
liiis could prepare contaiiifri 42;Hr) per cent. «f, water and coli'esponded with 
lI.,SiF8 |-Ctf.>0. Tbe [ihoiiomeiioii thut»rosenible.s to sijni* extent the distlllatioii 
of'acids of conkant composition. The hydrofliiolilicic arid vajiorizes with the 
steam, but at the same time the atyd Is ]iarily jlissociated into liydrogen lluonde 
and silicon teirafliioridc. Aceording to E. B(»ur,‘at^ press. o4 720 mni., ap acid 
citntaining 13-3 per cent, of hydrofluosilicic acid gives a vap., the composition of 
which is exactly expressed by the fqfmula H„SiF^ The distillate from more cone, 
acids c’ontains silicic acid, whilst dll. acids yield a dkillate e/mtaimng hydrogen 
• fluoride ; further, cone, acids dissolve silicic acid whop cvajiofated with it, whereas 
dil. soln. deposit this aeid on evaporation. An aeid contaim^ 
hydrofluosibcic acid bofls at 108 q,° under J;20 mm.Tness. E Wabt-and A. Olassncr 
measured the vap. density of hydrofluosilicic add at 23 ,^31'5 . and 42 at pr^. 
between 650 and 1350 mm. of mefepry. IJnSer these conditioqs, the mol. wt. 
•is betweeflSO and 83, showing that more than half of the acid is 
at 100°, probably mbre than two-thirds is dlssoc«tcd. C. A. ^ 

the vap. density of hydrogen fluoride agrecsVith the {pmute flzFz and HsF., 
and on this* assumption believed that tie hydrofiuosdicic acid was comp ct y 
dissociated. He also showed that hydrofluosilicic aetd like cJrbomc and sulphurtws 
acids cannot exist in the state of vap. E. Baur-studied the equibbnugi con- 
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ditioM between silicon tetralluori*, hydrogen*fluoride, water arj i- 

vuksuj,ra, silicon tetMuSride. . ’ •" « “d eihcc 

HydMumUcic acid has j verv tom taste rdtembiing that of h. j u 
acid, and, hke that add, It imtates the skin, and reddeJliimm.-£^,[f'^'^^ 
C, Tmbot, on,eoolmg to -20° a solnt of silicon tetrahoride in hydrtSuoric’^ v? 
confining one eq. of watef, e^stala o! the mon(jfiydtate,fI!SiFg.H^O,*aie formed'^ 
on exposure to aif, thf crystals fume strongly and *decompose. F, Kessler passed 
siJicon tetrahorideinto cone, hydro^uoric acid and found no deposit^n of silica 
or absorption of excess of gas, but noted a deposition of acicular crystals in the 
delivery tube. The crystals were free from hydrogen fluoride, for /iheir aq, sJln. 
after {nrecipitation by an excess of potjjssium chloride did not"corrode glass; and 
they were free from excess of silica because the potwsskm fluosilicate so formed, 
after washing with dil. ajcohol, left no ttace of sibca in the evaporated wash- 
waters.* The colnfosition of t^c crystals approximated ter that of the dihydiate, 
H 2 SiFj. 2 H. 2 O. The efysittb wgre very deliquescent;' numed strongly in air; 
^melted ab^^b”; and at a higher temp, they decomposed vdth ebullition. 
*■0. Truohot could not make the dihydrate, but on cooling at 0° a soln. of silicon 
tetrafluoride in 4-6 eg. of ^water, he obtained fujaing crystals of the tetrahydrnt*, 
H2SiFe.4H20. The sp. gr. was 1'7; and they readily melted.,,to form a syjupy 
liquid. 41 hen heated in vacuo, they decomposed into silicon tetrafluoride, 
hydrogen fluoride, ^nd water.,, • , 

The sp. gr., 6', '.i aq. soln. of hydrofluosilicic acid, determined by F, Stolba, 
are shown in Table XX^IV; and the results can be represented by the formula 
S=l-fO'004n.+ {»(rt—.3)-(-2}Xl0“®, where n represents half the percentage 
amount of contailied H 2 SiFj, at 17’5°/17'5°. For the heat of formation, C. Truchot 
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Table XXXIV.— Specific Gravities of HYrmorLiiosiLioic Acid at 17'6717'6°. 


Per cent. 
HjSiF,. 

0 

1 ! 

Specific gravltlea. 

a-s ilsjej? 

8 

0 

0 

_ 

1 0080 

l-oioi 1 0242 1 0324 

1-0407 i 1-0491 i 1-0576 

1-0661 

1-0747 

10 

1 0834 

1 0022 

1-1011 1-1100 1-1190 

1-1281 , l-i:t73 1-1406 

1-15,59! 

1-1663 

20 

11748 

1-1844 

1-1941 1-2038 1 2130 

1-2235 1-2336 1-2.136 

l-?637 

1-2639 

30 

1 2742 

1-2846 

1 2961 1-3066 1-3162 

1 ~ i°“ 1 

— 



gave Sicryrt' f6F-f2H-|-Aq.=H.2^iFj,aq. (-375 1 Cals.; A.Gimtz gave 374-3 Cals.; 
H. Hammerl, 3SiFi-f 2H20+Aq.'-=2H2SiFj.aq.->rSi02.a(i. f 67 Cals.; C. Truchot, 
SiFj t-2HF-l-Aq.=:H2SiF^.aq.-f 33-9 Cals. J. 'I’homsen gave- for' the heat 
of neutralization H. 2 SiF 8 .a!i.-| NaOfi.a 9 .= . . . -fl3-3 Cals.; PaSiFj.aq. 
-l-NaOH.aq.= . . .'+13-3 Calsi;^ and H2GiF8.aq.+2NaOH.aq.== . . . +26-6 
Cals.n -vide infra, alkali fluoSilicatcs. C. Truchot gave for the heat of dissolutipn 
of tetrahydrate, -t-S'O Cals. W. OStwald found the eq. conductivity. A, at 25° 
for soln. with an eq. of tlie roid 'per v litr,"s, tc, be . 


0 . ■ .2 8 . 32 64 128 266 612 1024 2048 *4098 * 

A . . . 2/6 281 324 342 368 3j7 416 498 662 847 

The increase in the conductivity above 6=256 iS du6 to the hydrolysis of hydro¬ 
fluosilicic acid into silicic and Hydrofluoric 'acids. S. Arrhenius discussed the 
ionization of tltii acid in soln. W. Rqpisay'and F. L. Usher examined the effect- 
of,radium radiations on hydroflupsilicic acid, 8nd*claimed to have degraded silicon 
to carbon. Thi^ has not been verified. * 

Awmrdii^ to- J. DaVJr; if ehydrogen chloride be passed iftto hydrofluosilicic 
aqid, water is taken frqm the compound, aAd silicon fluoride is formed. A. Hileraan 
found that when the acid is boiled with potassiumf'iodide and iodate, iodine is set 
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fr,e. J. Davy, and F. Stolba W tkt sulphuric acid behaves like hydroeeu 
chloride gaa; and that bone acid precipitates gelatinous silica from hydrofluo 
idicic acid* and forms hydtonuoboric acids ^“’ 4 ^ According to J. Daw, and 
,f. J. Berzelius, an excess of aq. ammohisf, sodium hydroxifle; or other saii’lihblo 
precipitates the whole of the silica, and forms a’ duoride, and A Hileman 
icpresonted'the reactaiF: H2p,+6K0H=6KF f^i(«H) 4 + 2 H 20 . A soln, of 
an alkali hydroxide or carbonate decomposes the fliiosiliciites, 'forming a fluoride 
and silicatm Consequently, when hydtoflujjsilieic acid is titrated with a soln. of 
sodium by^oxido with btmuB as indicator, there are two transition points. '|'he 
cortespoads wj^th the neutralization ^f the original aeid; H. 2 SiF 8 -i- 2 Na 01 l 
^Na 2 SiFe+ 2 H 80 ; and the* second withjthe decomposition of the fluoAlicate; 
Na 2 SiF()+dNaOH= 6 NaP+Si(OH) 4 . Litmus shows the permanent excess of 
alkali after the completion of the seceAd reaction, for ^licicucid does not Jiehave 
as an lacid to litmus'under these condition^ ^The reaction’was studied by 
C. A. Jacobson, J. Kati,’and J. G. Dinwiddie. ft.* Wagner and W. II. Ross 
showed that the reaction, H 2 SiFj-f 6 NaO[f=?iNaF | ILSiOj+.'tHJLwcujiies an 
appreciadile time; and L. J. Hudleston and H. Bassett inferred that tlie reactions* 
involved are (i) SiF 4 + 3 H 20 —yaSiOj+tllF; (ii) !^iF 4 k 2 lIF If^SiFo; “"d 
(iii)* 3 SiF 4 -b 3 H 2 Cl= 2 ll 2 SiFg-t-]l 2 Si()j. tThe reactions are reversifde l)ecau.se 
liydrofluosilicic acid is formed equally by the action of silicon tetraffnoride on 
water and of hydrofluoric acid on silica ; a#d‘hydrjifli 1 oBilioic,acid wif.li jufficient 
alkali yields sodium fluoride and silicic acid as (uid-producljs* • y’he prAportion of 
hydrofluoric acid in the aq. soln. was found by E. Baur, and C. A. Jacobapn to lie 
negligibly small. For the second of the above reactions, L. .1. Hudleston and 
H. Bassett found [SiF 4 ][HFJ-=A’[H. 2 SiF 5 ], where K They also 

showed that silicic acid can exist in soln. with an active mass pro|*oaionai to its 
cone., to the extent of at least 0'003 mol. jier litre at 1.';°. 4- Katz fouiu^t^t 
pyridine fixes the acid without decomposition. A. voAi Berkel showed that With 
a soln. of calcium hydroxide, calcium fluoride, fluosilicate, and silicate, itnd 
hydrated silfca are formed. According to J. J. Berzelius, ammoniuin, ]iota 8 sium,, 
and sodium salts produce a transparent precipitate which is scarcely per¬ 
ceptible at first; and barium salts gave a white, crystalline precipitate which 
becomes visible after a few seconds. For the action of hydrolluosilicio acid. 
viile 2. 20, 28. E. Guerry and E. Toussaiut discussed the action of ammonium 
salts in thA presence of citric acid ; and A. Gawalowsky, the action of soln. of 
chromium salts. • 

W. T. Gibbs found that silicf^te minetaks arc mare rapidly opened up by hydro¬ 
fluoric acid if a trace of hydrofluosilieic acid ibe present. Th(» rcjiorts of the 
action of hydrofluosilieic acid on gla 8 s,jby J. J. fterzeliiii^ and J.* Davy, indicate 
that the acid-daniiot be preserved in ijlaBS botyes, out, adiled II. Rose, the 
acid slowly dissolves some alkab, lime* and ferric oxide fronj the glass, and pre¬ 
cipitate these substances when alcoh’ol is addeii^ *J. .L Berzelin^also said a mixture 
ob the acid with half its vol. of alcohol, dojs not attack glass. If the aBid bo 
evaporated on glass, the surface is torroded bec^se, added J. J. Berzelius, silicon 
tetraflfloride is at first evolved, awl tht hydrofluoric aSid in the residual liquor 
• beoomhs more and more cone., which subsequently also evaporates. Hence, tho 
acid attacks glass when evajjtrated on its surface. Winn evaporateil over 
sulphuric acid in vacuo, it corrodes the glass reqe^ver, because-after the silicon 
fluoride has been given ofi, Ifydrofluotic acid remains to lie evaporated. The work 
of E. Baur and A. Gahssner, indicated above, ef^plains thi? facts more clearly, for 
a soln. which will dissolve silica wiB als<a*corrodc g|pss, and aWn. containing 
hydrofluosilieic acid but no hydrdfluojic acid doeg not etch glass. H.*St. G. Dcuille 
found that hydrofluosilieic acid has a Bonsiderable solvent action on alumina 
forming what he regarded as a solp. of hydroflmHwMnic add.* A similai sola., 
free from silica, wsjf obtained by treatfhg china clay wifj) hydrofluosilieic agid 
(j.o.). He added: 
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When dil. hydrofluosiiicio is placedin contact with ignited alumina, . 

silicate is first /ormed. Thdh, wheman excess of alumina is added, and the 
prolonged, the duoBiUcate is decomjDose^, silica is deposited, and hydmted 
a/uiymiuin Suoride is* 


I J. J. Berzeliws, Pm^ AHn.,^!. 169, 1824; 2. 2W, 1824; fe^Rose, ib., fib. m, m- 
T. Thomsen, Pogg. A^tl. i^9 103,1870; 143. 497, J87J; Per,, 3. 693, J870-; F. Rtoiba, Joi/rn 
vrakU Chm., fl), 90. m, 1864; (1), 101 J57, 1867; Sil^. Bdhit^ Ge<i. Wisd., 56, 203, 1875’ 
37, 127, 1880; Dingltfs Journ., 197. 336, 4870; Zeit. anal. Chm., 3. 312, 1864 ;*C. F. M^hr' 
ib., T. 294,1868; A. (la^falowsky, ib., 44.101,1005; W. Hempel, Per., 18. 1434,1885; E. 
and A. Gl&ssner, ik, 36. 4215. 1903; E. Baui< *6., 36. 4^09, 1003; Zeil. pkymChem., 43.1h\ 
1004; Priestley, Pxperimtnis and Observfftons on Different Kinds of Air, Birmingham, 2 
339,1790; A. Ziegler, Chem. Ztg., 13. 433,1889; J. Katz, iii,, 28. 356, 387, 1904; A. W. Hof- 
maun, Berichie ebar dk Kntunckelung dn chemi^^en Indusirk, Braunschweig, 1. 315, 1875; 

E. Fleiiyher, Dk iT6ir\rmcihsd(, als selbstdndtge quariiitaim Analyse, Leipzig, 34. 1871; 

F. A. Hoppcn, German Pat^, D.H.PP^ 105734, 1898 ; W. T. Gibbs, ib., 173902,1904; W.S. Pat. 
Nos. 772012, ^2657, 1904; Vf. Ostwald, Lehrbuch der allyemei^i^Chemk, Ijcipzig, 2. i, 178, 
1903; Jourtj. prakt. ('hem., (2), 32. 3f/0,1885; E. Ebler and E. Schott, ib., (^), 81. 656,1910 ; 

•S. Anhenius, Zeil. phjs. (.'Item.. 1. 034, 1887; H. Hammerl, Compt. Rend., 90. 312, 1880; 
0. Truchot, ib., 98. 821,1884 ; 100. 794,1885 ; F. Kessler, ib., 90. 1285,1880; S. S. 'Svendsen, 
Nonvegian Pal. No. 33782,19^2 ; A. von Berkel, Oennqn Put., D.R.P. 33846,1886; Dingler's 
Journ., 260. 142, 1886; E. Guerry and E Tiyiwaint, IMl. Sx. Chim. Belg., 20. 167, 1906; 
A. Guntz. Jfnn ('him. Pkyit., (6), 3. 61, 1884; A. Hiloman, Amer. Journ. Science, (4), 329, 

1906 ; J. Davy, Phil. Tram., IQ^. 362,1812 ; Edin. Phil. Journ., (2), 17. 243,1834 ; W. Ramsay, 
Journ. Ckf.m. Soc., 96, 1124, 190f»; L. J.' lludleston and 11. Bassett, ib., \\9. 403, 1921 ; 
W. Bamsay^and F. ^..*E^hcr, Per., 42. 2930, 1909; U. A. Broomun, Journ. Soc. Arts, 22. 16, 
1865; C. M. Tessi^ du Motay, and E. Karcher, Brit. Pat. No. 1766,1864 ; French Pat. No. C2846, 
1864; C. A. Jaeobson, Journ. Phyn. Chm., 27. 577, 761, 1923; 28. 606, 1924 ; ('. R. Wagner 
and W. H. Hohh, Journ. Jnd. Eng. (Jhern., 9. 1116,1917 ; J. G. Dmwiddio, Amer. Journ. Science, 
(A), 42. 421. lODJ; E. Halla. ('hem. Ztg., 48. 177, 1924; H. St. C. Deville, Ann. Chim. Pkya., 
(6)f 61. 309, 4861 ; Chem News, 4. 255, 1861 ; A. F. Meyerhoffer, Brit. Pat. Nos. 2226490, 
22‘*6491, 1923; 22283,6, 1924. 
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§ 56. The Fluosilicates 

The salts of hydrofluosiiicio acid ato called silicofluorules, or, iu harmony with 
the commonly recognized name for tln^ acid, fluosilicates. In general, the 
fluosilicates are made by dissolving tlie oxides, hydroxides, or carbonates in the 
acid; by the action of silicon tetrafluorido on the metal liuoiides—solid or in 
solu.; by dissolving the fluoride and silica in aq. hydrofluoric acid; and in some 
oases by dissolving the metal in the acid. An excess of acid must always be 
present or the salts may be hydrolyzed. , The fluqsilicatcs usually form character¬ 
istic crystals, some arc useful for identifying certain metals under the microscope. 
The low solubilities of thq^salts of potassium, sodium, and barjpm are poteworthy. 
The salts decompose with the.^vplutiot\,of silicon totrafluoride whan heated, and 
leave the metal fluoride as a residue. When a fluosiheate is warmed with sulphuric 
acid, hydrofluosiliqic acid ig giver, off. Nitric or hydrochloric .acid partially 
decomposes the fluosilicates, and sOpio of the chlorides and nitrates are partially 
decomposed by hydrofluosiiicio .ficid. The reaction is therefore reversible. The 
fluosilicates ate isomotphous with the corresponding fluotitanates, fluozirchnates, 
and fluoatannates. Graphic formulse for the fluoborates and fluosilicafes are' 
usually based on the tervalonoy of fluorine; 


K-F=F-B<| , 

P(f,Aftsium fluoborate. ^ 


K-F=F F 

k-f=f^^f 


Potassium fluosUicate. 


•According to A. Werner’s A’e>r«re Anschami^m auf dm Qebiai der awtgani- 
sohen Chmie (Braunschweig, 68, 1005), hydrofluosiiicio acid is a complex acid 
analogous to hydrofluoboric acid, hydrochloroplatinic acid, and other halogeno- 
aoids. The silicon is, considered to be “the central atom frith a co-ordination 
number 6, thus furnishing the acid [SiFgJH.. “ 
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F. Kessler 1 reconimended hardening the surface of calcareous stones liy means 
„[ the fiuosilicates of the nwtals-^.j. magnesium, aluminium, or lead'—which 
form an insoluble oxide. Carbon dioxide fe given off, ^nd calcium fluoride, .silica 
and alumina or lead carbonate, or, magnesium fluoi;idc, liiay bo formed’. The 
iluosilicateS^ have abo been’recommcnd(^l as antbeptics by Gf. Heinzeimann, 

(i. Jacqueinin, A. CobbnM, F. }. Homeyer, etc. li.iPrfor dcscybod the antiieptic 
|iroperties of hydrofluoailicic acid under the trade-name hAvnjl; and II. Schnegg 
.diowed tb».t the acid fe abo the active cwistituent in the disinfectant with the 
trade-name mntanin. According to A. Cobenzl, the sodium, potassium, •and 
ammonium filosilicates are usedjn rat-pobons. ' 

J. Davy® found that one vol.of silicon teirafluoride unites with 2vols.of ammonia, 
forming a white powder-'silicon dianuninotetrafluoride, Si(NH 3 ),^F 4 . It 
decomposed by water into ammouium'tfuosilicate and silicic a'ch',; .and by hydrogen 
chlorid* into ammonium chloride and silicon totnlftuorjdc., . ' 

W. Knop mixed alcoholic eoln. of hyrtrolluoBilieic%cid ami ammonia, and obtained a 
gelatinous inasa’whicli when dried had the composition ammonium htptJdKajliwaihiate/ 
SNHjF.SSiF,, but there is nothing to show whether a ftnxturo or compound is involved. 

J. C. G. de Marignac mixed normal ammonium lluosilicate with jn excess of ammonium 
fluoride and obtained tetragonal crystals of^tho composition SNiljF.SiF., or ammmium 
heplifluosilieate, (NtljljtliF,, which volatilize when heated and without melring; when 
treated with a soln. of ammonium carbonate, tlieip is a period of quiesioiioo after wliicli 
bubbles of carbon dioxide are formed, and silicinaoid is precipitated! H. liakeiipropuri'd 
tlie same salt. . ’" » ’ 

A. Scacchi repotted the occurrence of ammonium lluosilicate which tic called 
eryplolmlite, along with ammonium chloride in a Vesuvian fumarolo. J. L. (Jay 
l.ussac and L. J. Ttuuiard, .1. Davy and .1. J. Berzelius, etc., maile ammonium 
fluosilicate, (NH 4 ). 4 SiF 8 , by neutralizing a soln. of hydtoHuosilicic ac’id with dil. 
aq. ammonia ; a little sibcic acid is usually prccipitatejl at hrsti; and if an OKiiifss 
of ammonia is used, still more silicic acid is precipitated. F. Stolba neutralifed 
onc-third of. the required amount of hydrotluosrlicic acid with ammonia, and 
after mixing that product with the remaining two-thirds of acid, evajiorated the" 
filtered soln. for cry.stallization. J. J. Berzelius made this salt by heafirig an 
iiitiinatc mixture of ammonium chloride and sodium or potas.siiim lluosilicate in a 
glass vessel until the required compound sublimes. F. Stolha made it by dissolving 
iron in liydrofluosilioic acid, treating the coiio. soln. with ammonium chloride, and, 
on Pooling Ihe liqui<}, crystals of ammonium fluosilicate separated. According to 
J. Davy, if an aq. fjolu. of the salt b! evaporated sjiontaneously, large, transparent, 
four-sided prisms are formed, or .according to J. .I." Berzelius, six-suh'd jirmns con¬ 
taining water of crystalUzatibn; Ipit this is an crAr, they are aidiyd/ous. Accord¬ 
ing to A. Prjess, the, crystab are isodimorphous with tlv/scsof the ])ota8siiim salt. 

J. C. U. dc Marignac obtained octahedral crystals,of (t he cubic salt, and B. Gos-sner t. 
obtained them by evaporating the aq. sdln. abovq l;j“, while h(4ow 0', the aip soln. 
furnishes the hexagonal form. If the temp, ippfoaihes 12'" both forms appear. 
J.<J, G. de Marignac first obtained both the lie.Togoiial and the cubic cry.stals side by 
side frojn a sob. containing an excesp of hydroflucric acid ;ind ammonium fluoride. 
According to B. Gossner, the axial ratio oFthe hexagonal crystabisa ; c—1 : l'6r)52. 
‘The symmetry deduced from the corrosion figures ,is that "of the dihexagonal 
bipyramidal class. R. M. Bozojtli showed that the X-radio^am of ammonium 
lluosilicate b analogous^ with thoM of aniyionium diloroplatinate, and ammonium 
and potassium chlorostaiinates, ■flciiig like that ^ calciuin fluoride type with each 
fluonne replaced by an NH 4 -group, aqd caclj cabium atom by a fl'josilicate group 
having six fluorme atoms equidistant from the siheon atom in the directions of the 
axes of the crystal.' The length *of emit cube containing four inoU.^b 8-38 A. -, 
the shortest dbtauqes between the centres of Ihe atoira ^f silicofl and fluonne b 
1'72 A. Thtf sp. gr. of the cubic cryst^ik is 1'970, according to*H. Topsofe and 
C. Christiansen, and.”2'011, according to B. Gossner; F.’Stolba gave l’94fl9 
at 14°, and for the subliipea salt 1'9966 at 17'5°. B. Gossner foun^ the 
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sp. gr. of the hexagonal ciystala tp be 2'152. J. J. Berzelius said that the salt 
decrepitates slightly when heated, and^sublimes to form a solid crystalline mass 
withaut fusion or dpcomposititfii. The,index of refraction of the cubb crystals, 
according to H. Topsoe and,C. Christiansen, is 1'368^ for the C'-line, 1’3696 for the 
D-line, and 1'37^3 for the J-line. The double refraction gf the hexagonal crystals 
is feeble and negative.^ C.^iSichot found for tile beat of formation, HgSiFe (one 
mol. in 10 litres of VaVtl+CNH^O (one mol. in 4 litres of water)= 6 NH 4 P 8 oin 
+Si(OH)4+66'2 Oals; H 2 SiFe«,to.‘f- 2 NH 40 «*,=(NH 4 ) 2 SiF 6 win.+^'J -2 Cals.; 
H,StFe+2NH3,„=(Mt4)2SiFe«,M+66-8Ca.ls.;SiF4,„+2NH4F«a,,=(NH4)2SiF„^i„, 
+31'2 cCals;, SiF4gjj-f2NH4FsoM=(NH4)2SiFefouud'36 6 Cals.; afiU for the heat 
of soln. of a mol of (NH 4 ) 2 SiF 8 inM200 mols. of water at 7°, 8’4 Cals. 
J. Davy, and J. J. Berzelius said that the salt is' very soluble in water, but 
docs nflt deliquesce in air.* According to F Stolba, 100 parts of water at 17'5° 
dissolve 18'6 parts of <th(t saf^, afid the soln. has a sp. gr. 10961; 100 ^arts of 
boiling water dissolve 50'5 parts t'f snlt; and one part of silt dissolves in 46 5 parts 
6f 31 per cent, alcohol. J. Dqvy said that tlie salt has a strong saline taste and 
reddens moist litmus. When the soln. is boiled in glass vessels some'silica is 
dissolved and jirccipifeted’when the soln. is diluted. The salt is decomposed by 
sulphuric *cid with the evolution of silicon tetrafluonde and iiydrofluoric afcid; 
hydrogen chloride has a icssvenergetic action; and hydrochloric acid does not affect 
the salt.* A soln. oCpbtassiiim hydroxide liberates ammonia and forms potassium 
.fluosilicaje, but dbes Iiot precipitate silica; J. Davy said sodium hydroxide acts 
similarlf, but J. L. Gay Lussac and L. J. Tlnhiard said that all the silica 
is precipitated. lJ. Davy found that ammonia forms ammonium fluoride and pre- 
tipitates all tht silica, while J. J. Berzelius, and J. L. Gay Lussac and L. J. Thdnard 
fo,^l a porlion of the silica remains in soln. F. J. J’aktor studied the antiseptic 
quallcics of the salt. 

l E. Ebler and E. Schott ^ precipitated small crystals of hydrazine fluosilicate, 
^N,H,.H,SiFo, by adding alcohol to a mixture of cqui-molar proportions of a 50 per 
cent. aq. soln. of hydrazine hydrate and 20 per cent, hydrofluosilicic acid. The 
salt melts with decomposition at 186°; it is readily soluble in water and sparingly 
soluble in methyl or ethyl alcohol; and when heated in vacuo, it yields silicon 
tetrafluorideaml hydrazine dihydrofluoride. They also made crystals of hydiozyl- 
amine fluosilicate, (NH. 40 H). 2 H. 4 SiFe. 2 H., 0 , adding 16 per cent. aq. hydro- 
ttuosilicic acid to a 25 per cent. aq. soln. of hydroxylamine and allowing the miAurc 
to evaporate. The salt crystallizes from boiling methyl alcohol in scales, and is 
almost insolubljj in alcohol, but dissolves readily i'.i water. 

J. J. Berzelius * first prepared lithium fluosi'icate by evaporating an aq. soln. 
of the salt obtained by vhe action of the acid on an aq. sob. of a lithium salt. 
F. Stolba evaporated a soln. of lithium' carbonate or acetate in a ’small excess of 
hydrofluosilicic acid, and obtajred crystals of dihydiated lithinm fluosilicate, 
Li2SiF(j.2H20; and 0. Trinhot obtained the same salt by the action of silicon 
totrafluorido on water having lithiiim fluoride in suspension. The potassium shit 
was found by A. Cossa in the fiVmaroles of thi Vulcano crater in one of the Lipari 
Islands, and he called the mineral hieraliie —Irom Hiera, the Greek name of the 
crater. J. J. Berzejiius noted that a detonation occurs when a mixture of silicon* 
and potassium h) drofluoridc is heated. He also said that molten sodium or 
potassium fluoride dissolves silica, but does not give, off silicon tetrafluoride when 
heated to a high temp. Gebrttdir Siemens made the alkali fluosilicates by mixing 
the alkali chlofide and silica into a thin paste with water, and adding hydrofluoric 
a^d. H. Howanl patented the preparation of,^lkali fluosibcate from phosphatic 
rocks by treating the sulphuric acid join, with a quantity of an alkali soln. insufficient 
to convert the posphoilc.acid in soln. into the mono-alkali selt, and the resulting 
precipitate of alkali fluosilicate separated. The product is^lecomposed by water 
with the separation of silica. H. Schiff and E Bechi obtained a glassy mass 
which they su^ested contained potassium oxg/lmsCicale, 2KF.8iOj, or KF.SiOj. 
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He also said that a mixture of potassium fluoride and 'potassium silicate, KjiSi^Os, 
forms a fusible mass. C. Wf Scheele raatie^iwtajsiiim fluosilicate, K^SiF,^ ami 
soditun fl&OS3icate> Na^SiFj, by crystallitation from a* mixtutc of hydrolluosillcic 
acid and aq. soln. of a potassium’or sodium salt. According t* J. J. Berzelius, 
the alkali salt separatls aery slowly from the soln., ajidst is at first scarcely vj^ible ; 
afterwards, it pioduces prismatic colours in the liquid, amhisjfihally deposited us a 
transparent, gelatinousi iridescent mass, which dries on the filtpr to a white powder. 
The evaporation of the sat. aq. soln. furniMes small six-sided prisms, or rhombo- 
hadral crystqjp. G. Cesaro observed that crystals of the he.xtigonal sodium salt were 
developed by the prolonged action of hyd\)fluosilicic acid on gloss ;*and W. Kraut 
observed tetragonal (perhapfvhcxagonal) doubly refracting crystals of tlie, iiolussium 
salt as a by-product in the preparatfifti of perchloric jcid by t|jc hydroliuosilieic 
acid pjpeess. J. J. Berzelius observed that wiie;^.sodium hydrofluoride, NallF.^, 
is digested with silicic^dd, sodium fluosilicate lyid liitoride are formed. Here is 
reaction between an acid and an acid salt which produces a salt witWn alkalim; ^ 
reaction The fluorine compounds generated during the manufacture of feitilizers 
are not always allowed to escape us injurious funies,froui the ehiimiey of the 
factory, but they pro (Jirccted through a^jeries of wooden chambers whe^e they are 
exposed to a spray of water which converts the fluosilii'on compounds into 
hydrofluosilicic acid. This is then converted fnto s«*di 1 iui llvosilicate. > 

F. Stolba obtained potassium fluosilicate by adding .soijhftii flinwiilcate to an 
aq. soln. of a jjotassium salt. He also found potassiuivi fluoride is defpmposed 
when heated with hydrofluosilicic acid; that sodium tluiwilicate is formed when 
hydrofluosilicic acid is treated with sodium chloride ; and that silicic acid does not 
react with a boiling soln. of potassium fluoborate, but wlnui a soln. ol i:ola 8 h water- 
glass is mixed with hydrochloric acid and potassium tiuobora/e, potassium^!# 0 - 
silicate is incompletely precipitated. C. Trnchot obthined potassium fluo.silicato 
by the action of siheon tetrafluoride on a soln. of potassium fluoride. A. h. Meyer- 
hofer made It from a mixture of pota. 8 siuni fluoride, silica, and hydrochloric acid» 
with or without calcium fluoride; from potassium chloride, calcium fluoride, 
silica, and hydrochloric acid; from potassium chloride, silicon tetrafluoride, 
calcium fluoride, and a small projioition of acid; or from potassium silicate, 
calcium fluoride, and hydrochloric acid. K. Bunsen made robidium fluoMCaw, 
Rb.j 8 iF(j, as an opalescent powder by adding a hydrofluosilicic acid to a soln. of a 
rubidium salt; and F. Stolba, by twatiug an aq. soln. ol rubidium alum with cupric 
fluosilicate, and washing the product by, decantation. K. I’reis obtained caesium 
fluosilicate, C 8 . 2 SiF 8 , in octeheJral crystals, by* mixing an aip soln. of ciesiuin 
chloride with cupric fluosilicate,’and qdding alcohol;,or in cubic crystals, by 
evaporating'an,aq. siln. of the salt. , , , , i ■ , 

bihydrated'lithium fluosilicate furnishes short jirisiuatic orj'stals belonging to 
the monoclinic system which, accordfng to J. C /i *de AJarignac, Ijave the axial ratios 

a:6:c=l'235': 1:2160. The crystals of the fodiiini salt were .stated by J.t.ti. do 

Aurignac, G. Cesaro, E. Bertrand, atfd F. Stolba to,belong to the hexagonal system , 
and thu first named gave for the axial ratio « : cr 1 ; (I flfiflb. According to K. 1 reis, 
.J.e.G. de Marignac, and B. Gossner. the crystals of the potassium salt are 
dimorphous—cubic and hcxagoral, K. Preiss reported that tlf#_hexagonal crys a s 
were found, together wijih calcium/ulphate, as a deposit in a large-basin containing 
phosphoric acid of sp. gr. I Wl ^fiepared from pjiosphoritcs m the chemical works 
at Pecky, Bohemia. SmaU, regular-crystals of’the same •compound were found, 
together with the hexagonal form, witfl the gScial ratio a,: c=l: 0 8898 B. ossner 
gave 1:1-6006. Accxirding to K? Prqjs, the potjssium and ammonium salts ire 
isodimorphoos. The cubic form is obtalneib in octahe^ra by slowly coo ”8 * 
hot aq. soln.. of thffe salt; as already mentioned, i# alto occurs tn nature as the 
mineral hieratite. Hhe cubic crystals fere obtained by J. J: Berzehus, aad 
B. Gossner obtained them ilf thin plates by drying the soln, at about 10 . 
F. Stolba obtained cubic, crystab of rubidium fluosihcahe havmg octanedra 
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and dodecahedral faces. 'B. Gossner said that the rubidium salt, like the 
potassium salt, occurs in two forms; ,the hexago»al form being obtained by 
drying a soln. at ab(jut 16°.* K! PreS obtained octahedral crystals of the caesium 
salt belonging the cubic system, jl. TOpsoe gpve 2'44 'for the sp. gr. of 
lithium iluosihcate, and F. Stolba, 2'38 at 12° for the hytj^rate, and jS '88 at 12° 
for tBfe anhydrous* salt. He* also gave 2’754f at 17‘6° for the sodium salt. 
B. Gossner gave 2’74#for the sp. gr. of the cubic crystals of the potassium salt, and 
3'081 for the hexagoflal crystals. F. Sfolba gave 2'665 for the sp. gr. o9 the cubic 
potassium salt at 17’5, and 3'338 for the rubidium salt at 20°. K. Preis ga^c 
3’3766 f»r the jp. gr. of the caesium salt ^ 17°. F.' Stolba and J. C. Gfl de Marignac 
observed that dihydrated hthium fluosihlate loses water when heated in air, and it 
becomes anhydrous at; 100°. F. Stolba fouixj that befow red heat, the lithium salt 
gives 6 C silicon'Wtrafluofidei or, if steam be present, hydrofluosilicic acid. 
J. J. Berzelius saw that both tne sodium and potassium salts fuse at a re'd heat, 
and decom^jope at a higher temp* lie former more readily than the latter. The 
Evolution of silicon tetrafluoridp is attended by the boiling of the fusbd mass, which 
becomes more and more refractory, until, after a prolonged ignition, there remains 
potassium fluoride holding Some sihca in soln. Abcordipg to F. Bothe, the decom¬ 
position iifto siUcon^tetralluorido and alkali fluoride is inco'mpMte. The hcatts of 
formation estimated by 0. Trijchotare; SiF 4 gag f 2LiFBoi,i.=Bi2SiFj8(,in.+27 Cals.; 
Sil^4gf»4"2lBi]?8t,i[a—f42^il^8JioU(ip25’16 Cals.; bih 4 gafl'i' 2 Nahgojii,"Nn 2 Sihggoiiu 
'f*3t)'6 Cals. J SiF^afl"l~ 2 NaFg(,iia'-"bla 2 SiF(j 3 oiid-f 25'4 Cals,; H 2 SiFQBoin_-l- 2 LiOHBoiB. 
=Li 2 Si?(K,i„.-(-28-6 Cals.;' H 28 iFjjota.+ 6 NaOH,oi,i.=- 6 NaFsoiid+Si(GH) 48 oiid-f Aq-f 
66 Cals.; A. Gunt'zgaveH 2 SiF 58 oin,+ 2 NaOH=Ea 2 SiFj 8 oUd+ 31 ' 6 Cals.; J. Thomsen 
found that fhtf heat of neutralization of hydrofiuosihcic ackl by sodium hydrox- 
id^^is nearly the same as that Of hydrochloric acid. C. Truchot found SiF^gj, 
-l- 2 l!LF|g)in,=K 2 SiFjjoud-t- 22'8 Cals.; SiF4ggg-|-2KFB(,ud=E2SiFg,oiid-i-26‘4 Cals.; 

-lv 2 Sih^aoUd'b 22 Cals.; 3 SiI' 4 g 4 a-|- 4 KOH 6 oin.~ 2 K 2 SiFggoi!d 
,-t- 8 i(OH) 48 oiid+ 82'9 Cals. The heat of sohi. of anhydrous lithium-> Iluosihcate 
is -t-1’840 Cals. G. Cesaro gave for the indices of refraction of dihydrated hthium 
iluosihcate (o=l'300 and «--=l'296. For sodium fluosilicato, Jj. Raiteri 
gave 1-3112 for A=677 ; 1-3126 for A=689 ; 1-3132 for A=535 ; and 1-3146 for 
A=458; and for potassium fluosilicate, 1339 for A—677. B. Gossner found the 
cubic form of potassium and rubidium fluosilicates singly refracting, and the 
hexagonal form had a feeble negative double rpfraction. Thcr-electrolysis of fused 
potassium fluosilicate was found by F. Ullik to give amorphous silicon. 

H. Behrens find P. D. C. Klcy recommended tiVe rqady formation of crystals of 
sodium and potissium liuosiheaCes as microchemital tests for the alkalies in question. 
J. C. G. do Marignac fbufld the solubility'of the dihydrated lithiem ftaosiheate in 
* 100 parts of water a^ 17° to be75 'parts ;'and C. Truchot, 52-6 parts.' J. J. Berzehus 
said that the sodium salt is m^eh more soluble in water, particularly hot water, 
than4he potassiuifl salt; aild F. Slblba found 100 parts of water at 17 5° dissolve 
0-70 part of salt, and 2-46 parts in boihng water; supersaturation readily occift-s. 
It will bo observed that^tho llu5silicatcs,of ct^sium, rubidium, potassium, sodium, 
and barium are but sparingly soluble in water, the others are fairly soluble ; 

CsjSir, ltb, 8 lPj ' K,SiF, N4,sri'’, tl,SIF, (NH,),Sir, 

0-60, " 0-18 , 0-12 0 - 6 ^ y3 18-6 

J. J. Berzelius said that an exocas of acid dpes not increase the solubihty of the 
sodium salt; a'tid C. Truchot that this salt ismot soluble in a soln. of sodium fluoride. 
F, Stolba also found the'solubihty is much rgduced in the presence of sodium 
chloride. C. W. Scheele, and J. E. Qay L ussic and L. J. Thenai-d said that potassium 
fluosilicate is sparingly soluble in cold water, but is more ftealy dissolved by hot 
\^ater. F. Stolba found that 100 partst]^ watfer dissolve O-l^-part of the potassium 
salt at 17-5°, and O-9'o part in boiling water. The presence of potassium chloride, 
sulphate, or nitrate lowers the polubihty, and this the more the greater the pro- 
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portion ol iotcign salt. Aq. soln. oi ammonium chlofide and hydtocWoric acid 
augment the solubility of potessium fluosihcaljf. F. Stolba found that HXt parts 
of water cfcsolve about 0'16 part of rubidi'ftm.fluo^licate at 20^, and 1'37 \iart8 in 
boiling water. He’added that th^ salt* is more sofublc‘ih acidulated whter, 
K.. Preis fdund that 100 parft of water dfeolvc 0 60 part of csesium fluosilieatc, 
and more is’dissolved ty^oiling water. F. Stolba sfqd Sthium fluosilieatc is soluble 
in aq. alcohol; 100 parts of 46 per cent, alcohol dissolve 4^a|ts of the dihyurated 
fluosilieatc and 100 parts of 79 per cent, alcohol, 0'4 part. 


Pierrat fmiiid for 


solubility in 

Alcohol 
Salt . 


94*7 

00096 


42rt ' 
0 05 


27 :t 
0 09 




16-9 

0-21 


» 

8-7 

0-46 


0 per cqpt. 
d'Ogrm. povblrc 


II. Eose said that alcohol precijiitatc* eodiuin or potaK.sium fluosilieatc coinpletcly 
from it# aq. soln.; and K. Preis, that ca'sium t^iio^icafc. is nof sWnblc in’alcohol. 

M. Pierrat measured tb* Electrical conductivity ofaq. *)lnt of the. potassiuiu salt. 

The aq. spin, of lithium fluosilieatc has ,tn acid reaction, ^^jeording to 
J. J. Berzelius, potassium fluosilicate is dccomiMiscd by treatment with cohf 
potassium hydroxide or carbonate ; but when boiled with the latter, carbon dioxide 
is evolved and thqsalt is decomposed wjtli the deposition of gelatinous silica and 
the formation of potassium fluoride. F. Stolba showed .that tlnE reaction : 
KoSiFa+4KOH=6KF+Si(OH)4 is quantitiitito andean be qssd for the vjliimetrie 
determination of the alkali hydroxide, or the alkali fluosilioaiw or evcmhydrolluo- 
silieio acid. The process has been discussed by L. Schiicht, a]id S. Kohn. If »n acid be 

added to thcmixtureofpotassiumflnoride and silicic acid, tliapotassium fluoSlicate is 

regenerated. C. W. Scheele found that every trace of lime can bh removed from a 
soln. of calcium hydroxide by treatment with potassium lluosilicat.4 ap< J. Sti.l.» 
showed that when a soln. of the potassium salt is boiled with cakiuin carbonate ym 
reaction is symbolized: K.SiFo l-flCaCOs =2KF-| 2('aF, |-SiO, f> 2 . “^1 >f 
an excess of the alkali salt be present, some potassipm carbonate is fonmd. Vtlicn 
a soln. of pStassium fluosilieatc is boiled with an eq. amount (d magnesium oxide, 
the reaction is symbolized : K.SiFe !-2Mg() 2KFd 2MgF., f SiO.,, and if an excess 
of magiie.sia is used, some potassium hvdroxide is formed. .1. J. Berz.dma found 1 bat 
with sulphuric acid, potassium fluosilicate furnishes silicon tctralinoride, and 
hydrogen fluoride. An aq. soln. of boric acid precipitatessilica, but the reac ion is far 
from comdlete. J. J. Berzelius said that when heated with pota.ssmm, silicon and 
potassium fluorides ^re formed; ai#l with iron at a white heat iiotassmm and iron 
fluorides and iroi! silicidc are formed ; .while, ai^pording to 11 N. barren, .w th 
aluminium in the prescncewf potassium ohlornip and carbonate ^it “ I*. “■ j 

graphitic silicon is formed. M.%. Hazukin stud ed the jcversiblb * ‘ “J 

sodium fluosilicate by charcoal, colloidal silica, and jlunfina ; and he , 

electrical conductivity of aq. soln. of th»saTt. K.*T^ Thomsm^ and A. W M 1 „b 
son examineiithe antiseptic properties of soi^iiAn flimsdicatc ;^nnd S. Maiu vit ,h, 

r^B^ir “;,.d aa-M,/!. siC., a-o; a;;; 

fluosillbic acid on cuprous oxide, f. Stalba obtamcdrthhi compomn ^ 

. fluosiKcic acid is heated in a copper vessel in the preparation 
vule infra. According to J. J. Berzelius, the product fesembicyed 

and when exposed to isoist air it u decomposed, fovning ciiprie "^,1? aiidirives 

hydroxide, and finaUy cupri<^ox,«uoride.‘ Whe. strong^); heated, it fuses, and giv. s 
off silicon tetraflnoride.* I J. BeKclius also Ij^und thab when « ^ 

oxide in hydrofiuoHilicic acid is 6n,() 

oc.tahedra and six-8ided,prisms^.if heptolate^cupnc 


ate"formed ; or, according to J. C. d. d« Mafignac, l«y cooling 
F Stolba gradually added cupric carbonate to hydritflTiosilicic»aeid, hea j 
copper ves^l; the'sSin. was cone. alittl«,‘and fiUered so as \o “ d iStfe 

silica ; the filtrate-’was cvajiofated almost to dryness; and washed with a httle 
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water. The product was dimived in'waterand evmaitedat 10°-22‘‘ 

dish, or in a glass or porceJain dish coated with paraffin wax. W K 
passed silicon tetraBuoride info per cent, aldbhol, cairyinTV^'^^'^* 
precipitated cupric hydroxide. The product was washed a /e» times wifr?”*” 
If the cupric hydroxide b« in excess^,, an insolnbler green basic salt ris' f 
F. Stolba, and L Balbiano toiled a mol of bariao/duosib’catP frith a solntcont^^’ 
a mof of cupric sulpjiai^e, and in about 15 mins, adcled a little more barkmi^o 
silicate to make up for that which is entangled with the precipitated barium sulphate 
The Sltrate was tliep evaporated as previously indicated for crystallization' 
A. (x. Betts made cupxc duosilicato by treating Snely divided^ copj^r with fei^c 
Suosilicate, oravitk hydroduosilicic acid fnd lead perokide. 

The deep blue octahedral or prismatic crystals were found by J. C. G. de Marignac 
to belong to the trigonal system, and to haVe the axial ratio o : c=l: 0'5396, and 
o=110'’^4'. H. Topsoe and C.Xlhtistiansen gave 2 207 for the sp. gr.; B. Cossner 
gave S’222 ; and P. Stolba,'2 1576 at 19°/19°. J. A. Gro^hans made some observa¬ 
tions on thfedsnsity of this salt. HTTopsoo and G. Christiansen fovnd the indices 
6 f refraction a)=l-4074 and «.=l-4062 for the C-line; 0=1-4092 and «=l-4080 
for the D-line; and o=l-41^38 and e=l'4124 for tjie P-line. The double refraction 
is feeble and negative. J. J. Berzelius observed that the, crystals effloresce on 
exposure t<f air, becoming light blue and opaque and forming the tetrahydrate by the 
loss of 2 ipols of watqr.. P. Stolba shb\%ed that in moist air, the crystals arc delique¬ 
scent ; and* when heated to 100°, the salt gradually loses 14-5 per cent, of water 
in 24 hrsr; at 125', the ^It loses ,56-3 per cent, of water and silicon tetrafluoride 
in 4 hrs., and the residue is no longer completely soluble in water. J. C. G. de 
Marignac found tTiat after calcination, 29-25 per cent, remains probably as oxy- 
fluoride. L., Blilbiano found that the hexahydrate loses 2 mols of water at 90° 
orjnvacuo over sulphuric acid, and is decomposed at 130°-140°: CuSiPg.eHjO 
=SiF 4 -j-llP-f 6 H 2 U-f Cu(OH)P. J. J. Berzelius said that the fluosilicatc is readily 
solifole in water, and F. Stolba found that 100 parts of water dissolve 233-6 parts 
pf salt at 17°. At 20°, 100 |)artB of 62 per cent, alcohol dissolve 5-56 pSrts of salt; 
100 parts of 85 per cent, alcohol, 0-667 part of salt; and 100 parts of 92 per 
cent, alcohol, 0162 i>art of salt. P. Stolba measured the s)). gr. of soln. of cupric 
fluosilicate. When the sat. soln. in dil. alcohol is warmed, or mixed with cone, 
alcohol, a heavy, blue, oily liquid separates; and when shaken with an excess of cone, 
alcohol, a light blue salt approximating CuSiFj. 5 JH 20 separates. J. Schroder said 
that cupric fluosilicatc is insoluble in pyridine. W. Knop and W. Wolf found 
that when the aq. soln. is treated.witli zinc, or iron.jpietallic coppet is first deposited 
and hydrogen then appears owingtto the decomposition of the silicon tetrafluoride. 

S. H. C. Briggs'showed, that with cupric phromale, a sobi. is obtained which, on 
evaporation, gives a mixture of^,hc fluosilicatc and o.xychromate! As.just indicated, 

' tetrahydiated cuprir fluosilicatdj CuSiPj.') H. 2 O, is formed by driving two mols 
of water from tho^ hexahydrate f pr, acconflng to J. C. G. de Jflarignac, by 
evapofating the aq.'soln. at 5(.)°. The monoclinic prismatic crystals have the axiel 
ratios a: 6 : c=0-7604 ; 1:0-551§, and j8=l(')5° 37°. They are isomorphous 
with the tetrahydrated ch'prro fluostannatc. According to L. Balbiano, the' tetra 
hydrate absorbs aiAmonia, but no ammino-derivative of hydrofluosilicic acid is < 
formed. On treatim', the bright blue product o| |ho reaction with water, a blue 
mass is loft undissoived, consisting of silica and nipric diamminohydroxyfluoride ; 
the latter is soluble in dil. ammonia, and'on hcath.g this soln., cupric oxyfluoride 
is deposited. The aotioK of ammo^^ia on the fluosiUcato .is therefore: CuSiFg. 4 H 20 
-f 7 NH 3 =CitP.( 5 H. 2 NH 3 -t-?iNH 4 P-|-S} 02 +HjO. T. E. Thorpe and J. W Rodger 
fou^d that when a soln. of coppgr sulphate,is aflded to a soln. of the compound 
of ammonia and, thiophosphoryl flvoridfe, the filtrate from the copper sulphide 
deposits crystals cf copper phokphatoflupsilic^, Cu,(P 04 ) 2 .CuSiFs. • 

, According to J; J. Berzelius,^ the evapfiration of a soln. of 4(lver oxide in hydro- 
fiuosilicic acid yields crystals pf tetrahydrated gilder fiuosilicatei Ag 2 SiFg. 4 fl 20 . 
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S. Kern obtamed the salt as a gieyish-wbite precipitate on adding silver nitr ite t„ 
hydrofluosilicic acid. J. C. G. de Marignac s^Id that the crystals are reetainnihu 
,ictahedr%which melt below 100°, and at*tl*e same time lose water with deenin 
|iosition. J. J- Bftzelius said thalj the ‘crystals deliquesce ‘on exposure to air, 
,iiidwhen% soln. of the salt Is treated wi8ji aq. ammonia, a light yellow, basic salt 
i< precipitated which* jJasses int» silver silicate whei/ treateil with an’ exscs,s of 
munionia. M, Lob and W. Nernst measured the electrical* cnnductivity of I he aq 
sola.; an^ K' Eisenrelch found th|t on eloftrolysis, rather mpre. silver is deposited 
than corresponds with the electrochemical cq. H. Hetsch ('xaminod the bactericidal 
action of thewalt which has the^^ommerttel name mlachiol’. A mimher of cak mm 
liuosilicates or calcium aluminium fluosi|catcs has been reported; for Tnstance. 
the ieophyllile oi A. Pelfkan;’ and I'.Ooruu; withlhecomposition ll,t’a,Si,,0,iK . 
apophylVite, cuspidin, lepidolitc, dtj. There is t-lw pfo(\^(;t appri^imatiiig 
t!a0.3ii02.6CaF2i obtained by H. St. C. Dowilh* by he,ating ealeium oxiile in 
a stream of silicon tJtralluorido; and the ,])rpdueta obtained in the, attempt 
to synthesize •the flnoriferous silicate ininerala (q.v.). J. .1. llerzah* made tlic 
normalWt by digesting levigated fluorspar and tiiiMy divided silica in hydrofluoric * 
acid, or, according to F. Stolba,iu hydrochloric acid. J. ,1. Herzelius also obtained 
tha»8alt by saturalingdiydfofluosilicic ackl with calcium carhonato, and evaporating 
the filtered soln. for crystallization. F. Stolba preferred to use about two-thirds 
this quantity of carbonate so that some frewacid is pre'sent ? otherwise tlr calcium 
fluosilicate is unstable. E. Fleischer obtained calcium fluosil'cjte frmn cryolite 
vide supra, hydrofluosilicic acid. The four-sided, obliquely trnneated ctystals, ns 

J. J. Berzelius described them, are those of dihydrated calflium fluosilicate, 
(’aSiF,.2H20. J. J. Berzelius, and F. Stolba iiiadi' dihydrated stront^mfluosilicatf, 
Sr8iF|).2Il20, in a similar manner. J. 1.. (lay Liisaao and L. J. Theiianl iivide 
barium fluosilicate, BaSiFo, as a [ireeipitate by mixing hydr»lluiisilicic aej»l lAid 
barium chloride. At first the soln. remiiins clear, fmt small crystals are ^iiim 
deposited. ^F. Stolba used a similar iiroce.ss. J. J. Berzelius found that nearly all 
the barium is ])recipitatcd. If the soln. are mixed at a boiling heat, the crystal* 
are somewhat larger, but they are still microseopie. Aecordiiig to E. Fleischer, 
barium acetate or butyrate precipitates a mixture of hnriiim fluoride and fluosili¬ 
cate from hydrofluosilicic acid. A mixture of silica and liariiini fluoride is trans¬ 
formed by hydrobromic acid into barium fluosilicate, and conversely, hydrohroniic 
aeifl and \iarium fluosilicate furnish hydrofluosilicic acid. E. Fleischer made 
barium fluosilicatp from cryolite—*i(fe supra, hydrofluosilicic acid. 

J. J. Berzelius described thq crystals of the barium salt as jirisiiis with acute 
summits, and those of thi? dili^dratcd stroiitiiJn^ salt as " rhoi^hic prisms with 
dihedral su/nraits resting on the two acute lati'ral edges,” • K. JIaiishofer said that 
the crystals oftlle barium salt are rhombol^dral ;^r*l II. BiJirens uses the crystals in. 
his microchemical test. J. C, G. de JIaflgnae, saidthat the dilipilratedstroiitiiini salt 
shows monocjinic prisms with axial ratios a : hr. c ' 1'179 ; 1 : 1'232 and ^ - lyi" 22', 
and he added that the crystals of the dihydr^cd calcium salt are probably similar. 

K. Haushofer said the six-sided plqtes of dihydaatcd calcium fluosilicate are [iro- 
bably womorphous with the dihydr&ted Sttontiuin sail*. F. Fopque and A- Michel- 

• Ij^vy Inade some observations on the crystals. 11. Tqpsoe gate 2'2r)2 for the sp. gr. 
of the hydrated calcium salt; {’..Stolba, 2 !)!) at 17'5° for thiijjydrated salt; and 
4'277 at 21° for the •anhydroiiw bariui# salt. When heated, these fluosilicates 
lose their combined water and TOCome opaque,'ami, as Shown by J. J. Berzelius, 

C. Trochot, and others, on calcinitjon silicowtetrafluorTde is qyolvcd and the 
fluoride remains. Calcium fluosilicate is ]«rtly dissolved and* partly decomposed 
by water, forming a prccipitatc*of nilieic ackl and calcium fluoridd, and a *ln. 
of hydrofluosilicic acid. As J. J. Berzelius ilhowcd, thq salt is soluble in hydto- 
fluosilicic acM without decomposition, a^the soln.| on evaporatfbn, yields ctystols 
of the original salt. .*1/. Schucht and W. Roller showed thatisomS colloidal calciwn 
fluoride and silicic acid remain m the liquid when calcium fluosilicate is decomposed 
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by water. J. J. Berzelius wkd that strontium iuosiiicaie is aiso partklW 
posed by water, forming a basic silt, and a liquid containing an exces/f ® 

F. Sj^olba said that col,d wafer dtssolwes the salt completely but not within !l 
position, and, added J. G. (J. de Maripac, tie soh when heated furnishc/'^'’'"' 
strontium SuorMe. J. J. Berzeiius sail that barium'Buo^ii^ate is ve^spurkT 
soiubk in cold watqr, but dhoives more freely in (loUwater. *C. R.Fresenius found 
that at ordinary temf>.,''100 parts of water dissolve 00263 part of salt F. Stviha 
ioimd that 100 parts of water dissolve 0'0268 part of salt a*17’5°; 003§2 part at 
2I‘‘f and 0'035I part'at the boiling temp. J. J. Berzelius said that hydrocblo^c 
acid dissolves calcium'fliiosilicate withc/it decompo^’tion, but wheff the soln. is 
evaporated, hjtdrofluosilicic acid is giveif off, and calciumyhloride is formed ; and 
when the soln. is treated with acp amraonja^ calciunJ' fluoride and silica are pre¬ 
cipitated, while amivonium clilorlde and fluoride remain'in soln. C. F. Rammelsberg 
said that the jjrecipitatn mi^hf'Se K fluoxysilicate, 3CaF2,pi02 J. J. Berzelfhs said 
that strontium fliiosilicate is readily soluble in acidiilatecfVater without decom¬ 
position, aifil; udded C. R. Fresenius, hydrochloric acid augments the solubility of 
strontium fluosilicate, and that hydrofliiosilicic acid does not interfere. 

J. J. Berzelius said that hydrochloric acid does not increase the solubility of barium 
fliiosilicate, but this is not right, since C. R. Fresenius found that ^00 parts of wSter 
acidulated with liYefrochloric acid dissolve 0'136 part of barium fluosilicate at 
ordinary tepip., and Solne barii/in chlorMc is formed ; and F. Stolba, that 100 parts 
of 4’2r) per cent. hyJre.diloric acid at 22° dissolvq 0-205 part of barium fluosilicate. 

C. R. Fi'isenius said that the solubility of barium fluosilicate is increased in the 
jiresence of nitric,acid, and F. Stolba found that 100 parts of 8 jier cent, nitric acid 
dissolve 0-308 jiart of salt at 22°. E. Flei.scher .said that calcium fluosilicate 
readily dissolves in 00 pet cent, alcohol; and C. R. Fresenius, that the strontium 
salt w soluble in (dcohol, jind this the more, the less cone, the alcohol. The 
latt^'r also said that the barium salt is almost insoluble in alcohol, so that 
the properties have been employed in the sejiaratiou of barium and strontium. 
■Ct. Tammann found that 1(K) parts of 50 per cent, alcohol dissolve 0-00250 part of 
barium fluosilicate, and, added C. R. Fresenius, the nrescnce of hydrochloric acid 
diminishes the solubility, so that the addition of hydrofliiosilicic acid jirecipitates 
some barium fluo.silicate from an alcoholic or acidic soln. .1. W. Mallet found that 
100 jiarta of a sat. .soln. of ammonium chloride dissolve 0-234 part of bf rium fluo- 
silicate, and the solubility i.s dimini.shcd by diluting the solv. F. 8tolba found 
that at 22°. 1(K) jiart.s of a sat. soln. of ammoniuih chloride di.s.<olve/l 0-327 part of the 
barium salt; and 100 parts of a 15 per cer.t. aoln.,i,0-277 (lart. He also found that 
UX) parts of a hOiling sat. soln. ,oF.sodium chloride dissolved 0-177 part of barium 
salt; a boiling 10 per ce.it, soln., 0-28fi part, and a 10 per cent..3olp. at'20°, 0 0458 
„ part. When the boiling sat. a(»'nH,i.s cooled, some sodium fluosilicate ftystallizes out. 

(i. Tammaun .said thht acetic and (uityric ar'lds.have scarcely any action on barium 
fluosilicate at 100°) arainonivm'phO.'.iihate forms some ammonium ffUo.silicate and 
barium phospbate. T. Scheerer and E. Drecijsel found that when a mixture (If 
calcium fluosilicate. calcigm chloiide, and water is heated in a sealed tube af; 250°, 
crystals of calcium fluoride are formed. .1. .1. Btrzelius showed that when a mixture 
of barium salt and sulflhuric aqid is heated barium sulphate is formed ; and F. ^ftolba, * 
that when mixed Mth ammonium chloride and calcined, a mixture of barium 
chloride and fluCride remains ;■ itnd that a,soln. of^ot,(gisium'1iydroxide decomposes 
the soln. easily, and the° solid sal^ with difficultysoln. of sulphates decompose 
barium fluosilicate completely; and alkali carbonates form barium carbonate. 

According to J. J. Berzelius,® the evaporation of an aq. soln. of beryllium oxide 
in Kydrofluosiiicic acid furnishes a syrupy liqaid which become opaque and white, 
and if an excess'of acid fs^used, tM product which remains a^ter the volatiliza¬ 
tion of the acid Is a hard, white, porcelqinic mass readily siffuble in water. The 
beg^nm fluosilicate no obtained is decomposed by heat. Ji C. G. de Marignac, 
and A., Atterberg also obtained the salt as an uncrystallizable syrup. C. Chabrid 
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.btaiiied crystals of the salt by the prolonged boiling of a soln. of 0'5 gnu. ol 
treshlv precipitated borylliury hydroxide in a.'largc excess (200 grma.) of liyilni 
iliiosiiiciceacid, and cooling. ^ , • ‘ 

A number of fiubnferous magnesjum silicates occijr m natiftc—c.g. huinitc, pro- 
li'clite chdhdrodite'cUnohum’te, etc.; ani?^. Duboin,® by fusing a aiixture of silica, 
'.ncriie'sia and potassinm fluorjde obtained two product! which he regarded as^oto.o 
I'ldM magnesiumjl'uosilkates, Mg 2 Si 02 F 4 . 4 K 2 MgSi 303 , and li' 4 fii 62 F 4 .Mg 3 K 4 Si],)(). 2 r,, 

Imt thcrai is little e.vfdence of the chemical individuality ,of these substances. 

J. Berzelius obtained a transparent, yellowish, gum-liko mass by evapomtiug 
'a*soln. of magnesia in hydtpilivaailioic a(ud. The cnnpiosftion corresponded with 
magnesium fluosilicatej MgSiBo. F. tjtolba made crystals of • hexaliydrated 

magnesium fluo^cate,Mg 81 F 5 . 61 I.A by adding hydtofluosilicic acid to a slurry 
made by tubbing magnesia’with watt*; evaporating to a syri^y mass; dissolving 

inwatJht; filtering; and, evaporating spontaneoi»iy in a jilatimim dish. He also 

mixed a cone. soln. of *magnesium acetate with,hydrofluosilieic acid and alcohol, 
and quickly filtered the soln., since on standing silica is deposited.* ¥■ Engel^- 
kirchen’said that to obtain good crystals it is neetssary to finish the evaporation 
of the cone. soln. in a desiccator at ordinary temp. .A. F. Meyeihofer made tlie 
flimsilicate from’a nnxtiiro of silica, -nlcium fluoride, magnesium sulphate, ami 
sulphuric acid. F. Stolba, and H. Tiipsbc and C. Clinstiansendescnbeirtho crystals 
as transparent colourless rhonibcdiedra belenging to the trigonal system with the 
a.xial ratio a : c-=l: 0-5174, and a . 112 “'.)' ; and, added . 1 >./mgiMirchen. iso- 
inorpbous with the eorr(‘a|)onding fluostann.ite and fiiiatitanatc. r. >. p la gave. 
1-788 for '.he sp. gr. at I7'5’, and II. Tdpsde, l-7fil, Tho-mdice.s of re raetnm by 
If. 'r.ipsoe and C. ('liristiansen are co.-1-3127 and e 1'3.587 /or tlm f-line; 
CO d-;14.3'J and €--.1-3602 for the /)-Une; and (0'H-3t73 and € 0.16.34 or. the 
F-line. The double refraction is positive. F. Stolb.dound Ih" erysta s c Jiiresie 
m dry air or over sulphuric aei.l; at 100 “-r 20 “, water and almo.st all _<h'- sd"-"" 
tetralluorido are expelled, lie also noteil that KX) parts of water at 17m dislSoIvi 
64-8 parts of salt to form a liquid of sp. gr. l;235; when warmed, t e s. . 
becomes opah'seent owing to the separation of colloidal silica, but on , 

soln. becomes almost clear .again, 1 >. Hngelskirebeii found that hyiIrotlnorie acid 
decomposes the salt into magnesium dnoride and hydrolliiosilicic acid. 

,T. .1. Berzebusteevaporated a soln. of zinc ox.de 

oBtainedransparept, colourless,pri.sniatiecrys 1 alsofhexahydratedzmcfluos^ 

ZuSiF,.6H,0. J. T. Berzelius’ aiMysis gave 7 II. 4 O. The trigonal 
ing to J. C. a. de Marignac, hayo the axial ration : c-i: ; a: ’ 

and, according to B. Gdssner, they are is,»,.prphons with »lic 
corapountk of^ chromium, cobalt, ami •nickel, and witb ihc nic\ , ,i ^ 

siUcite forms*a continuous series of mixed cryst^s •. W. Stortenbekor a so four. 1 J. 
the hexabydrated zinc fluosilicate.and fluostannate form ' ‘ "Pj 

- -^- H. Top*,!.2104, ...1 


gr. found 


XQ. Christiansen gave for the indices of refreption to • . ™ " ^ , 13092 

C-liim; to=l-3824 and €.=l-395t{ for the Z)-lw ; 0 

for the F-Une. The double retetioif fs positive. .1. J. ‘"■'T. "'i', 
salt Is permanent in air and easily soluble in water, W hen Heate m ^ . (.ajo 

found that silicon fluoride c-!e.ape,s, and anhydrous ,, 

corresponding hexahydratfd cudmium fluo^«te. 2 ,^ 0 ^ 

by J. J. Berzelius in long, traiiTparcnt, colourhjis pnsimfby a 
employed for the zinc «lt. P.>gelsldrch« evaportot a 8 °^. 
carbonate in hydrofluosilicic acid, and ebtained this salt ) p ■ I . myp 
alcohol, or by sjodtaneou., evafora^on The hexagonal ~ 

in water, and in^O per cent, alcohol; fhey%sffloresco ip warm ..r, but m ordinary, 

in hydrofluosilicic acid,'and Sn evaporating the pale yellow liquid obteim,.! sma 
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crystalg of dihydrated me^^os ffiiosilicate. HgjSiPj.ffljO. R. Finkener^ and 
C. Lemaire crystallized a soln. of'mercurous carbonate in hydrofluosilicic acid, ' 
washed the crystab with a little w|t«Sf; pressed them between bibnljus paper, 
and dried them ovef slilphuric acid. TBe clear crystals dissolve sparingly in water 
, without decomposition. Jf tl. Berzelpss said the c'rystals dissolve more readily 
in acWulated water, and ith^t the salt is precipitated'^'ijy hydrochloric acid. 

J. J. Berzelius obferjned crystals of what was proDably hexahydnted merCQiic 
flnosilicate, HgSiFg.^HaO, from a con(}, soln. of mercuric Oxide in hydiipfluosilicic 
acid, by evaporating until crystals begin to appear, and continuing the evaporation 
at 16°. The colourless rhombohedral cjystab W(;fe found byji. F'nkoncr tolc 
very unstable.* They deliquesce in air, Lnd effloresce over sulphuric acid. They 
are almost completely soluble in water, and, as shown by J. J. Berzelius, and 
C. Lemaire, the crystals arejresoWed by watJf into an acid soln., and a yellow basic 
sqlt, which, according to R. l^inlssner, corresponds with tlihydisted nii^rcuric 
ozyfluosilicate, HgO.HgSiFS.SHjy. JTlie basic salt, said J. J, Berzelius, is blackened 
^ ammo*iia,t»nd afterwards restored to a lighter colour by water; the salt is 
* completely soluble in acidulateib water, forming an acid soln. which by spontaneous 
evaporation forms a, syrqpy liquid, but docst not crystallize until it has 
been evaporated by heat. c , i • 

A nuraCer of fluoriferoiis aluminium silicates occur in nature— e.ff. topaz, 
lepidolito,zunyite, etc.. J. S. Berzelius dissolved hydrated alumina in hydro¬ 
fluosilicic acM, and oWtryned a gelatinous mass of presumably al uminium fluosilicate, 
2 AlF 3 . 3 Sj^ 4 , or AySiFs^g. H. St. C. Deville dissolved calcined alumina and 
obtained a similar product. C. Chabrie found that by the prolonged boiling of 
0’5 grm. of aluminium chloride or the recently precipitated hydrate, with 200 grms. 
of t^e acid, a.distinctly crystalline fluosilicate separates on cooling, which does not 
alter 0 , 1 } drying at 1 Op". Aluminium fluoride treated by this method yields a similar 
compound. H. St. C. Deville said that the addition of an excess of alumina to the 
soln. results in the jirecipitation of silica; and with sodium chlorijje, sodium 
fluosilicate and aluminium chloride are formed. A. Frank recommended this 
salt for use in the sterilization of potable waters. 

The rare earth fluosilicates are obtained as gelatinous jirecipitates on adding 
an alkali fluosilicate to a neutral soln. of a rare earth salt; but in the presence of 
mineral acids, they arc not precipitated in the cold, and on boiling, the metals cerium 
and scandium are precipitated as fluorides owing to the hydrolysis of the fluoslli- 
cates: Sc 2 (SiFg) 3 + 6 H. 30 =; 28 cF 3 -(- 3 Si 0 . 3 -f 12KF. The yttrium elements are 
held ill soln. by the mineral acid. Thus, J. J. .Berzelius showed that yttrium 
fluosilicate is insofnblc in water, bul. is dissolved bv water containing hydrochloric 
acid, and on evaporating thq liquid, the fluosilicate is again precipitated. , F. Stolba 
prepared cerium fluosilicate, Isintl^anum, fluosilicate, and didymium fluosilicate 
in this manner. Ho aaid that the precipitates are very sparingly soluble in water, 
acetic and fluosilicic acids, bu| are rc.adily dissolved by mineral acida. The pre¬ 
cipitates are also insoluble in alcohol, fl. J. Meyer based a method for separating 
scandia from the rare earths cn tly! property possessed by scandium fluosiUcate 
of decomposing and precipitating as scandium fluoride when the soln. is boiled. 

By evaporating a soln. of thallous carbonate in hydrofluosilicic acid, 

F. Kuhlmann obtaiind crystals of dihydrated thalJojis fluosilicate, Tl 38 iFa. 2 HjO; 

G. Werthcr likewise obtained rpgular octujiedra, qr six-sided, plates. J. Nicklhs 

also obtained the salt by the actio.i of hydrixjhlorii., acid, containing some silica, 
on thallium. The salt is soluble in water, the soin. has an acid reaction, and slowly 
deposits silica. ,'Tiie evaporation of the, aq. soln. gives the original salt. When aq. 
ammonia is added to the aq. sohi., there i^, formed a precipitate which soon 
becomes crystalline), and which cannot be freed from thallium by washing with aq. 
ammonia. G, Weuher thinks that the precipitate is a basic fluosilicate or an 
ammino-compound. , * , • 

P. Engelskirchen found that freshly precipitateu titanium hydroxide readily 
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dissolves m hydrofluosilioic acid, and on evaporating the soln., a 8vrui)y liquid 
which does not crystallize is obtained. The product may be an impure ti t a nbim 
fluosilictr^. J. J. Berzelius obtained whiteipwrly crystals of ziicomiun Suosilicate 
from a soln! of 4he hydroxide in h/drofluosilicic’ acid.» M. Weibull,’ and 
P. Engelskirchen made obsorvatioils on .the produ’cl, but withjut establishing 
definitely tfiie nature 4f«the comppund. J.'J. Berzeliiij said that it is very soluble 
in water, and that the soln. becomes turbid on boiling owipg tA the decomposition 
of part of^the solute. P. T. Cleve reported basic salt, thorium dihydroxyfluosili- 
cate, approximating Th{OH) 2 SiF„, by the action of hydroHuqsllicic acid on tboriuni 
hydroxide. 4- pulverulent mass of needle-like crystals is iormed which gives oil 
acid vapours when dried over sillphuric arid. , , 

J. J. Berzelius repotted,the, fonnatiim of long prisms of stannic fluosUicato 
by evaporating a soln. of stannous oxide in liydr^tluosilicic acid, and he .said tliat 
the st^nous oxide is converted into stannic oxjdi^.and 'preeipifat'ed along Vitb the 
silica. J. J. Berzeliusjfi*rst assiinted that the staniugis salt is formed, but later 
regarded it a.s,gi stannic salt. P. EngelskirchOn'filso prepared an injy’V'wsalt from 
a soln.tof stannous hydroxide in hydrotlnosilicie aaid. 

J. ,1. Berzelius said that a soln. of lead oxide in hvdrolluosilieic acid dries up to 
a tvansparent gutp of.lead fluosilicate yihich is reaiiily .soluble in water. A. and 
Ij. Lefranc and A. Vivien obtained the fluosihcate by itissolv;ng lead Ifii the acid ; 
W. Mills dissolved lead oxide or hydroxide iji the aejd,*snd piipied the filtered soln., 
which w'as slightly acid, with lead nitrate. The jirceipitated fiao.silicatcnvas washed, 
and dried. T. Cobley mixed hydrofiiiosilicic acid with leail acelifte or ot Inw lead .salt 
and obtained lead fluosilicate; and the. same salt was ijiade by the action of 
hydrofluosilicic acid—gas or aq. soln.—on lead silicate ; or by heating a mixture 
of lead silicate, calcium fluoride or cryolite, and sulphuric acid. ,1. (f (1, de MarignSe. 
obtained the dihjdmie, PbSiF8.2H.,(), and by evaporating the soln. at ordinary 
temp, in air, he obtained the Ictrahydmte, PhSiF^.m^O, F. Fischer and K.'Thiele 
added lead carbonate to hydrofluosilicic acid, filtere;.! tlie soln. to remove lead flinMde 
and lead sufphate if present, evaporated the clear .soln.; by neutralizing the aeiil soln, 
with load carbonate, they obtained a basic salt; and by electrolyzing the neutral 
soln. in a cell with load anodes, they also obtained lead fluosilicate. K. Klbs and 
U. Nubling obtained the, dihydrate by electrolyzing a cone. soln. of sp. gr. T30, or 
very dil. hydrofluoric acid in a cell with lead electrodes and a diaphragm using a 
current of anode density 1-3 amps, jier sq. dm. If the electrolyte be sat. with 
lead fluosilicate, aifd allowed to stand for some days, the tetrafliioride is formed. 
According to J. C. 6. de Marignac, the (lihydrate, forms monoclinic jirisms, ohaxial 
ratios o: 6; c=l'4220 :1 :>P43A(), and l(t3|4r: and 1 he tetrahydrate forms 
similar crystals but with the axial ratios « : b : e l'.o772: 1^: ()-973.’), and j8 .‘JP 30'. 
The dihydfatqlbse4 hydrogen fluoride and water when heated ; at 3(X)'’, lead fluoride 
remains; the tetrahydrate melts below itxT, hiSes water ami silicon tetrafluoride.,” 
and accordii^ to K. Bibs and R.'Niibling, it tqadily passes into the dihydrate, 
f. A. Patterson measured the electrical comfuetivitjr of the soln. F. Fischer and 
co-workers reported crystals of an acid salt. ' , 

J.*J. Berzelius .slowly evapordted t soln. of antiaioHic oxide in hydrofluosilicic 
. acid, sand obtained prismatic crystals of antimony fluosilicate which Irurable to 
powder when dried in air. and readily dissolve inhaler coptaining an excess of 
acid. According to A- J- Bcrzclpis, when a soln, gif vaiiadio dxid.e, VOj, in hydro- 
flnosilicic acid is rapidly e^aptftated, flliie va.uaw flnosilicate is formed which 
at a moderate heat swells up into a ]iale 1)^0 jiorous* mass; but if the blue 
soln. ev^orates spontaneously, it AcquiijS a green colour, anef (prms a syrupy 
liquid containing crystals. Actwdiqg to A. fJqyard, if the soln. be.evaporatq4 to 
dryness a grey deliquescent mass is obtrfince^ which ik completely soluble in water. 
J. J. Berzelius found that vanadic acid. V^Oj, (Xsscdvhs in h^rofluosiliegc acid, 
forming a red soln.,*which, on evajwratibn, yields an orangiyyellow uncry8tallizj|,ble 
mass of TWiadiam duosilioate? It is partially solubl^ in water, forming a yellow soln. 



966 INORGANIC AND THEORETICAL CHEMISTRY 

' i , ' , r ^ 

The undissolved dark greci^ portion forms a red soln. withsulphoiic acid and gives 
off aihcon tetraflaoridc. The columbium silicate minerals, chalcolamprite and 
epistolite, are fluoriferous. , ', f ^ 

J.* J. Berzelius dbtained a transpatent ^reen mass of chzomium fluosiUcate 
by evaporating rt soln. of chromic oxide in hydroflubsilicic acid. The “product is 
deliquescent, and when it cantpins an excess of a(Bd, it swdJ^up like an alum when 
heatca, and the rehijliia again deliquo.scc 3 if exposed to air. S. M. Jorgensen 
made chromic chl9ropentammmoflupsilicate, or chromic purpureo^silicate, 
[CrfNHjjjClJSiFe, by aflding hydrofluosilicic acid to a soln. of a soluble chloropen- 
tamminochromic salt. <Thc dark rose-red rhombip crystals arnisomorphous wilh 
the corrisponding cobalt salt. He also lyado chromic' chloroaquotctramminofluo- 
silicate, or chromic roseofluo.iilicate, [Cr( jfH 3 l 4 (H 20 )Cl]SiF(|', by treating the soluble 
chloride with a cone. soln. qf zin* fluosilicatft 'in hydrofluosilicic acid. The precipi¬ 
tate is washed with icc-cold hydrofluosilicic acid until free from zinc; it is then 
washed with alcohol until ffee frqin acid. The carmine-red rhomboidal plates are 
soluble im w-ater; when the salt has been dried over sulphuric ao’d it does not 
' lose weight by heating to 100°.' According to J. J. Berzelius, a soln. of ntolybdic 
oxide, M 0 . 3 O 3 , in an excess pf hydrofluosilicic aci(i does not dry up when exposed 
to air at ordinary temp., but when heatorl, the excess'of anid is expelled, and a 
black neutral compound of molybdenum fluosilicate is formed which redissolves 
in the aq, acid. Wheu the licid liqilidi is .spontaneously evaporated, it acquires a 
bluish ting# and yieWji a black uiicrystallizable mass from which water extracts 
the blue palt, and leaves a neutral'black powder. The product is resolved by the 
prolonged action of water into a soluble acid salt and an insoluble basic salt. Aq. 
ammonia converts it into molybdenum silicate ; and it dissolves in acidulated water 
whthont decomfiosition. When the yellow soln. obtained by dissolving molybdic 
acid 91 hydrofluosilicic acid is evaporated, a lemon-yellow o)iaque substance is 
formed which is decomposed by water forming a yellow soln. and a small quantity 
of all insoluble basic compound.. 

,- According to C. F. Kammelsborg,'® when uranium ehloridc, UCI 4 , is mixed with 
hydrofluosilicic acid, a bluish-green gelatinous precipitate is formed. If an excess 
of acid be present, the soln. retains the bluish-green colour. When the precipitated 
uranium fluosilicate is heated out of contact with air, it is decomposed, forming 
water, hydrofluoric acid, and silica. It is but slightly affected by a boiling soln. 
of potassium hydroxide; and after drying it is but sparingly soluble in acitis. 
F. Stolba prepared uranyl fluosilicate soluble in water and in alcohol. 

J.’ J. Berzelius obtained long, regular, six-,sided prisms of hexahydiated 
manganese fluosiUcate, MnSiFg.fll'jO, from a soln. of'manganese oxide in hydro¬ 
fluosilicic acid, and short,prisms and rhombphcdral crystals by the slow evaporation 
of the soln. F. Stolba evaporated at roqm temp, a soln. of manganese carbonate 
In hydrofluosilicic ajsid; and also mi.xcdsbarium fluosilicate with a soln. of 
manganese sulphate. The, rose-m'd, Jiexagonall prismatic crystals belong to the 
trigonall system, ami, according to J. C. G. de Marignae, have the axial ratio a: 0 
=1 ; 0’60t3, and a“112° 30'. i The crystals arc isomorphous with the corresponding 
fluosilicates of the manghnCJc family. ’ F. Stolba gave 1‘9038 for the s'p. gr. 
at 17'5°, and H. Tdpsfie, 1'858. H. Topscie and C. Christiansen found the uidices 
of refraction to be tt),-i-l'3552 and c—1'3721 for C-light; <o=l’3670 and e=l'3742 
for D-light; and<to=l'3605 and <=1'3774 fortF-light. The double refraction 
is positive. The salt is stable in air, and when heated', J. J. Berzelius found that 
the water is first ^ven off,"thon siliepn tetrafluoride, and manganese fluofide remains. 
F. Stolba found that all the silicon tetrafluoride is not expelled after 40 hrs.’ heating 
at 100°, and after slowly heating to 200°, a little Silicon tetrafluoride still remains. 
The salt is readily soluble in water piF. Stolba found that 100 parts of water at 
17'6° dissolve 140 parts of the sak, and the soln. has a sp. gr. 1'44826 ; the solubility 
is augmented by raising the temp. The solubility in alcohol is greater the less the 
ccmc. of the alcohol. F. Stolba found that a soln. o'l tlie salt is decomposed when 
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evaporated m the presence of cone, hydrochlofic or nitrje acid. Alkali llimsilicates 
are almost insoluble in a soln. of mai^anese flitoride, so that when alkali salts ate 
added to » soln. of manganese fluosilicatertljpse liposilicates ate almost quantita¬ 
tively precipitated. ‘ ‘ • . . • 

J. C. G« de MarigOAC^cSliid not make a fluosillcate with a higher propoHion of manganese 
fluoride. T. L. VUpson found tha? when on aq. aolu.'*of potai}mu||t fluoride* potSBsiuin 
permanganate* and nitric acid is allowed to stand for some days, trfy Hals containing fluorine, 
manganesdl potassium, a&d silica are produced-rthe latter is derivo<^from th6 glass contain* 
in| vessel. , ^ 

According to J. J. Berzeliu^“ when V soln. of iron in liydroHuosilicij add is 
evaporated in an iron dish^exposed to (lie air, pale, bluish-green, six-sided, pris¬ 
matic crystals of what II. iPufet aboiued to be b|xa^dratqd fenous fluosilicate, 
FeSiFf.6H20, are formed. F. Stolba prepared tlm salt by evi*p»rating o» a water 
bath the soln. acidified^tHh a few drops of bydrofiuosilific add ; he also evaporated 
the soln. contjtining a little free hydrofluosilific*aeid until a crust becaj) to form. 
Cone, alcohol was added so long as a predpitatg was produced.“'Ine salt was, 
collected by filtration, and washed by suction witli couc. alcohol, aud dried on 
a yprous tile. Apcor^mg.to H. Dufet, the crystals belong to the trigonal system, 
and have the axial ratio a: c-1; 0 503^, and a=112^ 32'. F. Stolbi/gavo 1'9C1 
for the sp. gr. at 17'5°. The indices of rejraction^wsre fouiid by H. Oufet to be 
€=1'3828 and <o=l'3619 for Li-light; €-=l’3848 and cu’pj'3(i38 fig;*Na-light; 
and €=1'3867 and m=T3656 for Tl-light at 2I)’5'’. The lAysfels are oxidized in’ 
moist ait, and F, Stolba found that 100 parts of water af H-O" dissolve lt8'2 parts 
of the salt. J. J. Berzelius also prepared what was once thaught to he lemo 
fluosilicate, Fe^lSiFelj, by evaporating a soln. of hydrated fetric*)xide in liydro- 
fluosilicic acid. It appeared as a yellowish jelly which, after complete drying, 
appeared as a translucent gum-like mass, soluble in water. It Is doubtful if flornial 
ferric fluosilicate can exist under these conditions since when tlie attempt is made 
to prepare'fit by saturating the acid with ferric oxide, or by double decomposition, 
it breaks down at once: 2FeF3.3SiF4->2SiF4 i 2 FeF 3 .SiF 4 —the silicon lluoride St 
decomposed by water. When the soln. is slowly evaporated, a colourless syrup 
is obtained containing FeF 3 .SiF 4 in aq. soln,; by further evaporation, this compound 
decomposes—silicon fluoride escapes and hydrated ferric lluoride remains. 

• J. J. 'Berzelius evaporated a soln. of cobalt carbonate in liydrofluosilieic acid 
and obtained pale Ved rhomboheclra, and six-sidcd prisms of what J. Grailich and 
others showed W be hexahydrated cobalt fluosilicate, OoSiFa.CHaO; J. J. Berzelius 
considered the salt to be % hejftahydrale. F. Stolba also I'lade the salt by acting 
on barium fluosilicate with a bdiling sotii, of cobalt sulphate; aud by the method 
employed*fot,tbe ferrous salt. J. Grailich found the trigofial crystals have the axial 
ratio a:c=l:0-6219, anda=112“4;. B. GoJsnir gave 2W7 for the sp. gr.* 
H. Topsoe, ^-067; and F. StoIba,*2-.113-2121 19°. J. A. Groshans studied the 

•mol. vol. and sp. gr. of the salt. H. Topsoe and Christiiiaisen gave aj-v:T3817 
and €=1-3872 for the indices of jefraction tvith the C-line; the double refraction 
is positive. B. Gossner studied thf isomiw-pbisin’of tly esrrespouding cobalt, copper, 
nickel, and zinc salts. There is a limited miscibility between-the coballtand copper 
fluosilicates. P. Engekkirchan found that ammenium apd cobalt fluosilicates 
do not form a doubje salt, but'the ammonium |alt separates flrst when a mixed 
soln. of the two salts is c^ncyhy eva{>oratioji*. F. Sl^olba found tliat KX) parts 
of water at 21-6° dissolve 118-1 parts of salt; 'and morc.at a higher temp. 

* I , ^ * 

A. Miolati and 0. Rossi obtoiusii colialtio StiammlnofluoiiUcate.’or cobaUic luieofiwaUi- 
cate, [Co(NH,),]F,.28iF4, as a yellow srystaUine pywder by the action dl hydroflucsdioic 
acid on a soln. of the carbonate in hydrofluoAo ac'jl. 8. M. JCmonsen oljtmned cobaltie nitro- 
pentamDlnafluotUlute, or eobailk xanUtoftwtilkale, ^(;o^^fi,),NOJ8iF,, by the action 
of hydrofluoailicic arid on the chloride »F the haae. W. Gibbs, and a. M. Jorgensen 
prepared eobtltte ' eMopipantanunlnoauoilUeat*, or cobaltut tMoropurpureofluanXeale, 
lCo<NH,),CI}SiFB by a cold fcln. of chloropentamrvinooobaltic salt to an excea*- of 
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liydrofluoBilicio aoid. W. Gibbs regard^! tbe salt as a trihydrate. S. M. J&rgensen jnade 
CQbalUe elUora({UOtetrammiQ09aoilllut«, |Co(NH,)«(H,0)ClpF«, in violet crystals by 
the action of iiydro6uosilicic acid on & s<4n. of the cfdce-ide of the bass. ■gie crystals 
were,washed witli |ltj)hol.« S.’M. JOrgpnsen made dark violft, rhbmuc, tabular 
crystals of eokaltle Dromopwtammlnolluoillleat^ or cobaliic hron^ojiurpunMumHicate, 
(Co(NH,),Br]8iFp by heating the nitrate orVhloride of the base with hydrofluMilioio acid, 
and washing the pnxluct wi|h water and alcohol. ^ The crysChll are isomoiphous with 
the anUogous chloro-tomBound. 5. M. Jorgensen made eotaltle tetrammiiKNUagttOdiaiiuniiM- 
Bnoallleate, [(NH,),(H 50 )*Co(OH).O.Co(NH,) 4 l,( 8 iF,),. 2 HjO, iij hexagonal prisms,* by 
treating a soln. of the chloride of the base %ith hydrolluosilicic acid. • 

• . * . 'I 

J. J. Berzelius evaporated a soln. ofj nickel carbonate in hydrolhiosilicic acid 

and obttined green rhombohcdral and fix-sided prismatic crystals of what were 
shown by J. Grailicb and others to be hezAhydrated niclKl fltiosilicate, Ni>SiPe.6H20. 
J. J. Berzelius sunnow^d tltp salt to be a hBptahydratb. F. Stolba employed the 
n\ethod used for the ferrous salta J. C. G. do Marignac showed that the ttigona! 
crystals have the axial ratfo «: : l)'5136 and a=lf2*16'. H. Topsoe gave 

■2109 for Hw gr. V. von Lang measured the heat conductivity; and H. Topsoe 
' and C. Christiansen found the indices of refraction to he oj--- 1'.3876 and f==l'4036 
for the C-line ; and oi,- I'S^llO and c -l'40B6 for,the D-line ; and oi -1‘3960 and 
« =1'4105 for tlie F-line. J. J. Borzeiius said that tlie siflt iswerj* soluble in wa4ier, 

J. J. Berzelius found that the yellow eoln. of hydrated jilatinic oxide in hyrTro- 
fluosilioio^cid dries J(k a yellosv guni-like mass of platinic flnosilicate, which is 
slccompo.sed*by wat^f,•(firming a brown insoluble basic salt. L. Wohler showed that 
the salt ijtreadily hydroly^ted and h great excess of hydrofluosilicic, acid is needed 
to prevent hydrolysis. . The subject vva.s also investigated by 0. Ruff. By adding 
hydrolluosilicic acid to an aep soln. of a tctramminopalladous salt, H. Miillcr 
oBtained paJlaJlons tetrammlnofluosilicate, [l’d(NH 3 ) 4 ]SiFj. The colourless 
crystals are sparingly soluble in cold water ; easily soluble in hot water; insoluble 
in alcoiiol; decomposed at f6()“; and, when treated with hydrochloric acid, give 
a piicipitate of the chloride. S. M. Jiirgcnscii projiarcd rhodic chlorope^jtammino- 
fluosiiicste) [Rh(NH;|).’iCljSiFo, in yellow rliombohcdra by adding hydrofluosilicic 
acid to a cold soln. of tlie chloriile of tlie compli'X base. 
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57. Silicon Chlorides 

• 

' Ill 1823, J. J. Berzelius ' discovered tetrachlorosilane, or silicon tetrachloride, 
SiCl 4 , when he showed that this compound is formed by the direct union of the ele¬ 
ments silicon and chlorine. In addition, the derivative Irkhhrosilane, or silico- 
cMoroform, SiHClg ; diclilorosilane, SiHgClg; and monochlorosikinc, SiHgCl, have 
been made. In addition, the members of the homologous series, hexacilorosiligp- 
dhanc, or hexachlorodisilane, SigCIg; oclucldorosdicopropane,* or octochlorotnsi- 
lane, ^SigClg; decarhlorosihcobutane, or decacMmotelrasilane, IdijClio; dodeca- 
ehlorosilicopenlanc, or dodecachlotopcnlasil&ne, Sigfliljg and tetradecachlorosilico- 
heiane, or letradfuachlorohexasilauc, SijCli 4 , have* been prepared. Some chloro- 
bromo- and chloriodo-silSuas are known—rede znfra. * . • 

, When silicon is heated in ctlogiue grfj, it ignites and burns, forming the vap. 
of silicon tetrachloride which condcjjses to a liquid on cooling. If any air or oxygen 
is presept some silicasor, according to IL. Troost and P. Hautefeuille, ai? oxychloride 
is formed. According to W. Hempeh and H. ^^on Haasy, the reaction between 
silicon and chlorine begin) a^'2Sff', and R proceeds with incandescence att480°. 
If the silicon contains sodium fluoride, A. P. Holleman and H. J. Slijper shewed 
that silicon tetrachloride is not obtained by heating it in chlorine, on account of 
the reaction : SiClj-V^NaF^SiF.-t 4NaCl. H. C.' Oersted made the tetrachloride 
by passing chloriile gas over an intiiijate nikture of gjlics and charcoal at a red heat. 
H. BuS and F. Wohler,^. J. Ebelmen, and IL Schnitaler made the gas by this 
process, which mgy be conducted fti thf following mann'er: 

Afi infeato'imxture of precipitatiHi silica andzfine^f ground willOw charcoal is made 
into a Btift paste with oil; rolled into Aialls*; ignited in a closed crucible; and loosely 
pack^ in a wide poicelain tifoe. /. stream of chlorine is passed throi^h the4ube heated 
to bright redness. The condensed liquid is atsgrstco'lourless, but it soon acquires a yellow 
ooloifr owing to the absorption of chlorine. To remove t(^e colouring! J. J. Ebelmen, and 
J. 'B. A. Dumas allowed the yellow liquid to stand ii) contact with mercury or 
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“‘®'‘ i>® notified by fraoUonaldiatilUtion. Awonl- 
no”nrin, th«y»>ld With natural ailica-amorphoua or crj’ataltine—Unot no good 

as with precipitated silica. , f j s 

According to tha Konsortium fur elckhocncnusclie Industrie, the temp, dl the 
reaction can be lowlrcd some 800° to'about* 900°, by adding chlorides of the alkalies 
or alkaline darths, madgfnese or aiuiniuiuiu,*or of mijctiyes of chlorides. R. Weber 
found that if tltc temp, is raised high enough silica reac^ ,'^th chlorine fii the 
absence ofiparbon. H.*St. 0. Deville showi^l that hydrogen chloride also furnishes 
silicon tetrachloride when passed over a mixture of carbon aigf silica, but the liunp. 
must be highfl* than is required with chlorhie. A. Faiire. made silicon tetrachloride 
by passing a mixture of hydrogen chloriSe and a hydrocarbon gas over*red-hot 
silica. C. W. Watts and'C. A. Bell were very successful in the attempt to make 
silicon tetrachloride by the action of i«tbon tetraciiloride, chloroform, or a mixture 
of carUm monoxide, and chlorine on red-hot ijiliijv. _.?ccordiug’to L. Trhost and 
B. Ilautefeuille, if chloriife be passed over a mixture 6f silicon with one Unith of 
its weight of baron, the latter generates so niuchlieat in reacting wijl) ^hs chlorine 
that thdtemp. of reaction of silicon with the cliloriiie is attained ; boron triehloridd 
also reacts with silica at a brigjit red-heat forming .sjlicon^ tetrachloride : IBCl^ 
-f-SSiOa—3SiCl4-i*2BaOa; • if iinglazod, [lorcelain be used instead of silica, 
some alumiiiiuiii chloride is formed ; and with glazed porcel,aiii, somi^ liotassiiim 
aluminium chloride is foniK'd, H. Weber, anil*i\l Daiibri'S'fimiidtlifttwIienaiporphous 
silica, powdered quartz, or a powdered silicate, is strongly heated in the vapour of, 
phosphorus pentaeldoride, some phos|ilioroiis oxycldoridiJ and idlicoii tetsacldoride 
are fornmd, P, Duller found some silicon tetrachloride is produced wlieti cerium 
trichloride and silica are heated in the presence of a feeble' oxiiliziiig agent. 
0. Matignoii and F. Boiirioii .showed that when a mixture of cHlofine and tltti 
vapour of sulphur chloride is |)as3cd over silica at about •l.'iO’, silicon telracldol'ido 
is formed. E. Baudrimoiit said that a mixture of pbtassiuiii chlorate aiiif silica 
at a tem|). exceeding 3()0°, furnishes oxygen, cbkiriiie, and a little silicon tefra- 
chloride, but G. Rauter observed that no silicon tetrachloride is formed when silicij 
is heated with the chloride of potassium, sodium, silver, cbromiiim. sul|ihiir, 
manganese, or iron. E. Jungst and R. Mewes obtained metal silieiiles and silicon 
tetrachloride by heating a mixture of a metal chloride and silicon. R. Weber found 
that when a mixture of trichlorosdaiie and chlorine is heated, tetriuddorosihu'c 
is Hirmed;* If. Buff ami F, Widiler, and Frieilel and A. Ladenbiirg noted that 
when silicochlorofmm is heated it forms the tetrachloride, W. llempel and 
II. von Haasy obTaiiicd the tetrachlorid/! in the B’actioii between chlorine and the 
siilphosilicates; II. N. Stokes, in the reaction Vdween the aroiiijptic silicon esters 
and phosphorus o.^ychloride; a*nd A. J.'ol8on, in the rcijetion bt'twiM'ii mercuric 
chloride and i«ncon sulphide. ^ , . 

H. N. Warren, and F. de Garli made silicon* tidraidiloridg by passing chlorine- 
over heated ^rrosilicon; and L. tliftterniai^ tlKed^niagnesiuni siliidde obtained 
by heating a mixture of silica and magnesium, Ihe best yield was obtained by 
working at 300°-310°. The product of the reaclion^ontained about 80 per cent, 
of silicon tetrachloride ; 20 jier cent, cd •hexachlororilicbethiine; and 0 5-It) per 
' cent, bf octochlorosilicopropane. The distillate was separatudinto its comjionents 
by fractional di.stillation. G. 5%'der used cojqier sflieide iiajilace of ferrosilicon ; 
0. Hutchins, silicon carbide ; and E. Vijj(>uroux,,aiupiiuiuni silfckhi. G. B. Baxter 
and co-workers describe the’pillification of silijon tetraahloridc for their work on 
the at. wt. of silicon. G. Martin’s directions fqf making silicon tetrachloride from 
ferrosilicon arc as follows: 


The chlorine cylinder A , Fig. 199, ddlivew gas infc the waslibottles B, connect^ 8irith 



exit leading into the fumechalhber. A force-pump, A,drives uir,a8 required, throuj^ 
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the mercury bottle J, up the drying t<»ver I, and so forces the liquid as requirfd from 
into the fractionating flask ¥, fitted with Young’s still-head. The distillation flask F 
connected with the condenser G and'receiver H, which has an eirit-tube leading into the 
fume chamber, The manometerjand ^fety-tube M coiftain mercury and sq|phuric acid 
in oflier to prevent tn*expldsion if the tubes get blocked and the, piw. rises too high. 
The flask F is heated on a water-bath; ^d th# bottie| H of crude silicon ^sljoride are 
stoppered and rAnoved as they are filled. When the flask F ir-— 


full o4 high-boiling 

residi^, the water-bath is rtpleced by an oil-bath/ and silicon fiexachloride distils over 



f f , 

V Fw. 199.—Tlio Preparation of Silicon Chlorides, 
r ’ » 


between 147° and 149°.- 'In this way» 143 kgrms. of chlorine gas passed over 50 kgrms. 
of 50 per cent, ferrosilicon furnished 64 kgrms. of silicon tetrachloride, 3 kgrms. of silicon 
iiexaeldoride^ aiid 500 grmB. of a residue which yielded nearly 200 grms. of silicon octo- 
chloride. If the furnace bo heated to 300°-310°, the iron tube is quickly corroded by the 
cnloriie, but at 18C°-200°, this action is too slow to be troublesome. If the temp, is 
170°, the action of chlorine on the ferrosilicon is too slow for effective work. If the temp, 
be 300°-310°, the yield of the disdioon hexachloride is about 4 per cent.; if 260°-*260°, 
the yield is 4*0 per cent.; and if 180°‘-200°, the yield rises to 8 0 j)€r cent. Tho crude 
products must be further rectified by fractional distillation. Great care njust be taken 
that tho apparatus is thoroughly dried before the silicon chloride is introduced. The 
attacliment IJ K enables the chlorides to be transferred from one vessel to another without 
contact with undried atm. air. 


The formation of more complex chlorides during the roactioti between chlo-ine 
and the metal silicidc is attributed by L. Gattermann and K. WJinlig to a secondary 
reaction between the tetrachloride and silicon’: 3SiCl4+Si^-2Sl2Cl8; but at the 
temp, of the reaction, silicon tetrachloride docs not r''act with silicon to produce 
an appreciable lamount of the ficxachloride. CYlisequeutly, G. Martin suggested 
that the mols. of the element silicon are'chains of atoms, ano the first action of 
■ chlorine on silicon is not to brdkk'the chains of atoms into single atoms, but rather 
to form complex chlorination prod’icts,whichyr..actingwith more and more chlorine, 
break-down into sitoplcr and'simpler chlorides : e.g. Si2Cl(+Cl2=2SiCl4. Instead 
of regarding silicon tetrachloride as tile first product of the reaction, it is con8ido,rcd 
to be the end-product o? a-process which progresses in a scries of .stages: The 
complex csilorides obtained in the receiver are supposed to have escaped destruction , 
owing to their having been removed from the scat of the reaction and quickly cooled. 

physical properties ot silicon tetracKldride.— Silicon tetrachloride at 
ordinary temp, is a transparent, oolourldss, fumitig liquid. J. J. Berzelius 2 said 
that when exposed to th» air the liquid evaporates as a white cloud leaving a residue 
of silica; the vapour has a suffocating'odour' and reddens litmus. L. Roster gave 
for the specific gravity of the liquid 1-64; J.I.Pier-o, l'52371at0°; D. I. Mendol^eff, 
1-50068 at 10-98°^ 1'4928 atld°, an4M!?29 4t 99-^ ; C. Ftiedeland J. M. Crafts, 
1-522; A. Stiefettiagen, i-524.at 16°; 0. Ruff and C. .Ubert, 1'4933 at 16°; 

G. Abati, 1-47556 at 22°; 0. Haagen, 1'4«78 at 20°; and Tv E. Thorpe, 1-52408 
at 4°. J. B. A. Dumds gave for the vapour density, 5 939; and H. V. Eegnanlt, 
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6-86 when the calculated value for SiCIi w 5'868. TJie vap, shows no signs of 
foT^“ softening temp, of porcclaiiv* W. Ramsay and J. Shields found 



• , .'^1 4 --—•‘•vv XJ, an V , U--itV30(l -OUO5480), 

and for the sp.cohesioft !P=2 J31^1-0 00-1010); 1). I lieiidelceft gave 16'13 for the 
surface tension of the liquid at the b.p. The associatiaa llctor, according to 
«. u. Loaginescu, is 3inity; and ohservistions on this sulyect wehe made by 
Ramsay and J. Shields, I. 'Traube, P. Vaubel, and h.. Henry. 1. Traube 
estimated a aiPS73°>K. in J. H. xjpn der Waals’ eijuation to te 121x10*; and h at 
273° K. to be 88’5 ; e—6^-—23'1; and a/e-^^SOO atm. • • 

The coefficient of therinalrexpansion of the liipiid at 20“ was found by ,1.1. Pierre 
to be 0'C01430; and 0 001446 by T.’Ji. Thorpe.* Thi; former fpund unit vol. at 
0° becffiues 1+OOO12941J9O690-1 ()052184143(i3l«-J fJ)O7V)86422O0» at, j ; ami 
the latter, l+O-OO133O9f60+O'O528O97802-|-O (i82]O657j3. J. J. Saslawsky studieil 
the relation between the coefl. of expansion ami the structure. Thes'wpsflsion amj 
compiei&ibility of the vap. was studied by L. Troo41 and P. Hautefeuilhe For the 
boiling point of the liquid, G. S.»Serulla8 gave 50°; 0, Haagen. 08° at JOG mm.; 
I. Jt Pierre, J. R.*A. I)um*as, and C. Mutignon ami F. Rourion, 59° at 766 mm.; 
H. V. Regnault, 56'8r at 760 mm.; T. E. 'J'horpi', 58°- .58'5°*at 765'3!1 mm., ami 
57'57° at 769 mm.; W. Pecker and J. Me}*'r| ,56'9“ St 760 aipi.; ami si. Stock 
and co-workers, 56'8‘’ at 760 mm. According to S. Vouiig, tltd ubservefl b.j)., 0, at • 
a barometric press , p, is corrected by adding on tlie term U 0(X)126(76O pjf^73 | 0). 
G. Rauter gave -102" for the melting point of solid silicon tetwachjpride; W. Pecker 
and J. Meyer, —89°; W. M. Latimer, - 70°; and A. Stock and co-workers, - 68-7°. 
The dkscrepancy in the data is in part due to the earlier preparations,huving lyen 
contaminated with higher boiling and lower melting^chloridei. W. M. L^ttinAr 
gave for the mol. sp. lit., C^,, per mol I f), at dillerent tmnp.: ^ 


'K. 


77-4'’ 

3li0 


81'3° 
3-70 


86 0 “ 
3-83 


131-3” 
4 80 


181-0° 

8-»6 


185-8” 

(1-08 


208 8” 204-3' 

(I-7-1* 0-04* 


The numbers marked with an asterisk refer to the liquid, the others to the solid. 
The entropy at 25" is 56-43. H. V. Regnault nqiresented the vapOUI pressure, 
p mm., at^“ by log p ...4-5959425- -3-32877(l8ae us, where log a 9-99()52(H)--''. 
R. Vintgen gave log p-.7-6443 1.572-07’ '. W. Becker and .). Meyer gave ; 


*0" 5” 

10” 

1.5“ , 20” 


66 U" k 

p . . 11-6 13i3 

and H. V. Kcgnaulh gave : 

-25° -10” 0” 

• 15-0 

• 

m 

17 5^ 21-6 

• 

* ” 

• 

• 

7« fin. 

10”, 

• :lo" •*50” 

60“ 

65'' 

p . . l-»68 4-646 7-802 

is.'gto 

20-4414 60-746 

^•723 

97’274 cm. 


\3. 1. Mendel(icf[ gave 2.30° for the cjitical temperature ; W. Ramsay and J. Shields 
calculq^ed 213-8° ; and C. M. Guldberg, 221°. *1). 34. ^loldhammer applied the 
theory of corresponding .states to'silicfln' tetrachloriTje ; amh calculated for the 
‘ critical density 0-5275. W. M.^Jiatimer gave 10 85 pals. pei*gram for the heat of 
fusion at -70-3°. .1. Ogier fourJtl-the beat of vaporization to'bp 6 3 Cals, per mol., 
and A. Stock and co-Vorkeps, 7-19 Cals, per m*11 -R. Wintgen'i^ave 7186 cals., 
and for the mol. heat of vaporization, at 0° K., t946-2 calk., or 6926 cals, at T" K.; 
210 for Trouton’s constan*. H. V. Reguaqlt gave, 0190^ for the.,speciflc heat of 
the liquid between 10° and 16°; J. OgieroUtained a similar resfllt; wid L. Kahlen- 
berg and R. Koenig gave 019(4 be*we(jn 20° »nd»4y°. H. V. Regnault foUnd 
lor the sp. ht. of thqgas between 90° and 2.34", (1^= (H3^« J. W. Fapstie.k obtained 
M29 for the*ratio of the two sp. ht». of vap. M. ^rthelot, Snd L. Trodst and 
P. Hautefeuille gavMor theh^ oIlonnation,Sicr)-rt.-t-4<-'l°*Sft‘f4p,,-fl21-8 Cah.^; 
and with SiCl 4 B,uid, 128-l’Cq^. M. Berthclot measured the heat of decomposition 
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by water: SiCl4+Aq.=8i02.aq.+4HCl.aq.+69 Cals. J. ThomsengaveVj-3Cals. 
L. Gattermann and K. Weinlig ga^e 1'404 for the index of refraction for red light. 

O. Haagen gave for the red ray, Ha, ,■ '4419 ; for the |reen ray, 1;420P ; and for 
the violet ray, Hy,*l‘4244., ,G. Abati §avc 1’41019 for the Ua-my ; 1’41829 for 
the H^-ray ; 141257 for the D-ray ; lyld l’4i306 fof the Hj(-ray, and he calculated 
47-52B for the mqj. refra£tion for Ua from the formula, and 28-55 from the 
n^-formula; for th* 5j). refraction, the numbers are respectively 0-277989 and 
0167978. fhc sp. dispersion for Hy t.nd Ha is 0-008722.*^ J. H. GladCtonc made 
sonre observations ort this subject; and A. Stiefelhagen gave for the index^ of 
refraction of rays of vfave-length A=22fi, 394, and lj89jnju., the indbi of refraction 
/:t=l-5682.3, T'43334,. and 1-4182 r^pectively, and _;i2=l-31377 +0-66590A2 
(A^—125-562)~L H. H. Marvin studied Jhe optical dispersion. The spectrum 
was examined hy»E., Treost tiud P. Hautcfcuille,‘W. Jevons, and 6. Salet. 
According to C. LudekiQg,^li(!3n tetrachloride is not decomposed by the electric 
(bscharge, and P. Hautefeuille ffiupd that the effect of heat, and of the voltaic 
arc, rc8^t)toi that with silicon tetrafluoride (q.v.). P. Walden found the 
electrical conductivity of liquid silicon tetrachloride to be negligible. H. Schlundt 
gave 2-40 for the ^electric constant at 16°» with^ wave-lengths A=80 cm. 

P. Pascal pleasured the magnetic suscepfiBility of silicon t^lraclJoride. • 

The chemical pl-opertie^ of sihpon tetrachipride. —The composition of silicon 

tctrachldrijle was e^rfblished by the finalyscs of J. Pelou/,c,-J J. B. A. Dumas, and 
' J. Schiel. K. Kajans'etudied th(( electronic structure of the silicon halides. Accord¬ 
ing to G* Eriedel and A.'Ladenburg, when a mixture of silicon tetrachloride vap. 
and hydrogen is-hcathd to redness a little silicochloroform, SiHCls, is produced. 
A. 0. Vournasps found that the nascent hydrogen ])roduced when silicon chloride, 
vap. is passed over heated sodium formate, furnishes a little silane; 0. Eriedel 
and Ai. Ladenburg,' when a ;nixture of silicon tetrachloride, vap. and dry oxygen or 
air is heated, an oxychloride is formed: 4SiGl4 -j- O 2 -- 2 Si 20 (’l 5 + 2 CI 2 ; and, according 
to M. Berthelot, some silica is also formed. L. Troost and P. Hauteferdle obtained 
'the same oxychloride by passing the gas through a heated pordelain tube with or 
without a packing of fragments of felspar or alkali silicate : 2 SiCl 4 -f K 2 Si 03 = 2 K(Jl 
-f-Si02-l-Si20Clj. Thu ])rese.nce of hydrogen chloride does not accelerate the 
reaction. L. Troost and P. Hautefeuille found that on sparking a mixture of oxygen 
and silicon tetrachloride vap., the same oxychloride is formed, and if the ^e,e chlopine 
simultaneously produced is absorbed by mercury as fast as ih is formed the oxy¬ 
chloride can be collected.' According to J. J.'Berzelius, silicon tetrachloride first 
floats on the surface of water, find it then dissolves with decomposition, forming 
hydrated silica find hydrochlorip acid. W. Becker and J. Meyer said the reaction 
is very slow with ice-cooled water. Accoeding to A. Stock and E. Zei.ller, silicon 
.tetrachloride and water forni'-SiydHj.^C. N. V. Sidgwick explained the reaction 
with water on the basis of the cq-ordinatioq, theory. 0. Langlois found that the 
hydrated silica produced by exposing silicon tetrachloride to moist-air resembles , 
hydrophane. At a rod heat, A. Dnubree fopnd that water-vapour and silicon 
tetrachloride furnish cryatalj of silicon dioxide. The fumes which are dewloped 
when the.tetrachloddo is scattered in life atfn. by means of an explosive, bomb 
were utilized to a srtiall extent as clouds in the 1914-1918 war; sometimes in * 
conjunction with ammonia. The subject was discussed by G. A. Richter. 

H. Moissan found that fluoflEp does not act qp silicon tetrachloride at —23°, 
but at 40°, the formation of silicon tetrafluoride is accompanied by a feeble flame. 
N. W. Taylor and J. H. Hildebraiid measured the solubility of chlorine in silicon 
tetrachloride and tound at‘0°, 0131 grin, gas pjsr gram of solvent is taken up. 
W.‘Biltz and ll. Meinecke found the i.p. curveSof mixtures of silicon tetrachloride and 
chlorine have a fiptectic r:t,—117° and 80 at. per cent, chlorine as indicated in Fig. 
200. P. Hautefeuille found that when a mature of silicon tetrachloride vap., hydro¬ 
gen, and a little iodine is passed through a tube at^a dul| red heat, a heavy liquid 
is forniicd which, when fired from iodine by digestion wjth mercury, and fractionally 
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distilW, furnishes a scries of chloroiodidcs. J, A. Besson found hydrogen iodide 
and silicon tetrachloride vap.*at a dull red-heat furnish a mixture of chloroiodidcs; 
but 0. Ru8 and C. i^lbert observed no reaction at KO'’, , , « 

in a sealed,tube. J, A. Bcssop also riported the forma-, 
tion of chk)robromid(|^*when a mixture of hydrogen 
bromide and silicon tetrachhiridf! is passed through a* ^ 


tube at a dull redness., 0. Ruff and (f. Albert found 
that in thf presence of copper, silifon tetrachloride does 
n(rt react wdh gaseous or liquid bromine. Silicon 
tetrachloride is dot dccomi>fleed in fllie cold bv 
hydrogen bromide or iodide. (!. (Just|v.son found 
that with carbon tetrabrqmide in ^ sealed tube at 
150°-^p0°, some silicon tetrabromide is formed. * 

6. Rauter observeiL i*o reaction between s1li<f)h tgtrarhloride 
200°-300'’. J. I. Pierre, and C. Kriedel andat.aLadenberg foum 



Q 20 iC SO ao 
Ac. per cent. Cl 

Fic. 200. Froc/Aig-ixiiiit 
(.’urvos of CM SiCM* Mix- 
tuyoH. 


and sulphur at 
found thatjiydrogen 


sulphidf does not act on silicon tetraehlori<l<' af or^linary t('mp., buf at a red beak, , 
silicon tetr8hydrosul])hide is formed ; and M. Blix and W. Wirhelaner likewise 
obtained the chlorosulphirle, SiSCI,. 0. llulf and (t! Allit'rt found titat in the 
presence of zinc, silicon tetracliloride (foes not react with hydrogen chloride; nor 
when treated with hydrogen ehlori(h! in a sealed tqbo at f(X)'’. (1. S. Scridlas 
found that cone, sulphuric acid deeompo.ses silicon tetraehIorid(', fojnfing silica 
and hydrochloric acid ; G. Gu.stavson found that.the tetrachleridp is decomposed by* 
sulphur triozide, forming pyrosiil[ihuryl chloride mdf i^ijro. silicon oxyeldoridea; 
F. Clausnizer also found that the tetrachloride is decomposed Iw chlorosulphonio 
acid in sunlight or at 170^. J. K. X. Harold, and (1. Banter obsewed no reaeti(ai 
between sulphur chloride and silicon tetrachloride. * • ^ 

F. lamgfeld said that gasc'ous ammonia nacts wiUi silicoir letrmddoridi* alone 
or dissolved in benzene, forming silicon tetramide ; and M. Blix and W. Wirheleucr 
showed thift by saturating sdicon tetrachloride vfith dry ammonia, a white mass 
of silicon hezamminotetrachloride, SiOl^.tiNH.,, is formed; the com|iound i9 
decomposed by water. The ammim! was made by ,1. Persoz in 1H,'!0, M. Blix and 
W. Wirhelaner showed that the hexammine is jiossibly a mixture of ammonium 
chloride and silicon imide, SiOlj.GNHa 8i(NH).,-i- 1NH,C1, because liquid ammonia 
whiles oat the ammonium chloride -ruVfc boron hexarnminotrichloride, and 
zirconium octammhiotefraiodide, F. Jjcngf "Id also obtained a ])roduct approxi¬ 
mating silicon oOlaimiuwiMmchUmdi’, SiCl.,.KNlIs, by glassing ammonia gai^ into 
a soln. of silicon tetrachlor\jlc iif benzi'im in an |nn, of dry nitrogen. The product 
is probably a mixture of silicon kelramide and .‘mnonium ehlorhrt. K. Lay found 
that with liy^ruziAe, a white, fuming rompound, proUalfly silicon tetrahydrazine 
tetrachloride, SiCl4.4N2H4. formeiHif the wtign of a benzene’ soln. of silicon 
tetrachloride, on an emulsion of hydfazme in Imiizene. He also showed that the 
ietrachloride^reacts with sodamide, NaN H 2 , at 1,5?)’.hjrming silicon, and a sujilimato 
of ammonium chloride, and silicon tetrananinotetrachloride, .1. F. X. Harold 
said that the tetrachloride does not ri'qpt with fUtroieifcperoxide, <)r a mixture of 
nitrogen peroxide and chlorine, if. Weber found that neitheikmtnc acid nor aQUa 
regia unites with silicon tetrachloride ; with nitrouswicid, it ^orms nitrosyl chloride. 
C. Friedel and A. Ladenburg, atifl G. Rauter foun^ that at a'wil heat, phosphorus 
pentoxide formsoxycfiloridee otpnosphiAusainh-iirdliably, silicon.* J. F. X. Harold 
observed no reaction between silicon tetrachloride aiul phosphotus chlorides. 
A. Besson observed that silicon tetrathloriiW dofs not absorb ))ho8|)hine at ordinary 
temp., but at —20° it dissolves jl) times ifs vol. of j)h6s])hine, and ^ times its vol. 
at —50°, By strong compression af —a.3° thefr, is fermed what is thought ft) be 
silicon dipljosphhietetrachloride, 8i0l4.2PH3. The pi«duct \% liquid at -60°. < 
Another product wm obtained whfch isecAystalline at 10" and 20 atm. press,, or at 
-35° and atm. pre'Ss. H. Moissan found that arsenic trifliibride reacts in the (!bld, 
forming silicon tetrafluoride and arsenic trich^orMe. G. Rauter examined the 
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action of silicon tetrachloride on ^hc arsenic oxides, and the antiinonjr o:ddes; 
no reaction occurred with arsenic salphMh and the aptimony sulphides. 

Troost and ^autefeuiRe obtail^ed evidence of the possible forillation of a 
subchlorido when silicon tetrachloride vap. |is passed over jieated i^con, and 
L. Gattcrmann*and K. Weinlig represent the reaction 3SiJ'l4+Si=2^i2Cl(j; but 
G. Martin could nt^, conhrfti Miis. 0. Ruff fouifil that silicon tetjfachloridc is not 
affected by C^bon at High temp. ; while J. N- Pring and W. Fielding observed the 
formation of silicon oarbide only in thc'presence of hydrogen at 1700 °—Me silicon. 
G. Bauter observed no'reaction between silicon tetrachloride and carbon disulphide. 
J. F. X. Harold found that the tetrachloride does not react with'cyadogen chloride. 
Silicon letracBloride reacts with fatty^acids forming their chlorides, and with 
alcohol forming ethyl silicate. , ^ _ 

The tetrachlorides' ,of carboif and silicon possess acidic characters in common 
with the other group elements',*an8 combine with the bases to form stable well- 
defined compounds. Ammonia, the. substituted ammonias, and other bodies of a 
J distinctly^dhSifc character, so fjr as has been observed, react similarly lyith all. 
Titanium, one of the sub-group elements with the least pronounced metallic 
character^ and tin in the otiier sub-group, having'a distjnet metallic character and 
a high at. ^vt., appear to be the most Ahetive members bf ^oup IV. whefl in 
the form of their tetfachlori(Jes. Titanium tetrachloride, the metal with the lowest 
atomic wbight of tkc^fibst sub-^roup, is*thc most reactive since it forms compounds 
'with bodies of a disffnctly acidic^ nature—hydrogen cyanide, cyanogen chloride, 
nitrogen* oxide; zirconiftm tetrachloride, on the other hand, and the next 
tetrachloride, germanihm. .show no such tendency, for their combinations seem 
li/nited to compounds -of a basic character. In the first sub-group, therefore, the 
reaativity decreases with increasing at. wt. The following selection from 
J.*P. a. Harold’s liit of the.double compounds of the tetrachlorides of elements of 
popp VI with’ various acidic and basic compounds, shown in Table XXXV, 
illustrates these statements. Iif the table c denotes that a compound is formed, 
)t indicates that no compound is formed, and - means that no data are available. 

Tabi.b XXXV. —OooBLK Compounds of the TETRACHi,omDF.s of Elements 
OF Group VI. 
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Silicon tetrachloride is a convo'nient starting-point for the preparation of the 
so-called organic jjerivatives of silicon, becausetthe chlorine atoms can be exchanged 
for organic radicles'through the agency of zinc alkyls, or of sodium and alkyl 
broiflides or fodidcs —Filtigls ’^eoKlion; pr by tlic Grignard’s reaction in which 
4 magnesium reactifwith onie glkyl or ityl bromide in ethereal soln. producing mag¬ 
nesium'alkyl or ar^l bromide, MgBrX, whiph can then exchange its organic radicle 
for <a chlorine atom of silicon tetrachloride: MgprX-f;SiCl 4 't=MgBrCl-f-SiCljX. 
Reactions between silicon tetrachloride and organic copipounds have been studied 
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by F. S. Eippiug and co-Workcra, A. garden, J. E. R^ynold8, A. liostMilu'ini and 
co-worker^ F. I^engfeld, C. Fiiodel and co-\^orlrt‘rs,O.I{auter, 0. Rulf and ('. Albort, 
W. Dilthey, C. WiUgerodt, H. N. Stokes, F. 'faurkt, F.>tldn#rdofI, ete. • 

6. 8. Serullas fcund that silicoti tetr^ichloride be distilled from lOdittm 
or potassitim and Vli* tetrachloride btdls below the m.p. of these metals. 
A. C. Vournasos'obServed no sibtion at the teni]), of IToilfng tplinne. J. .1. Ih+/,eliii3 
found tht^ when potaasiura is heated in the vap. of silicon tetrachloride, the metal 
burns forming potassium chloride, and .silicoti; if molten potasuium be dropiicd into 
liljiiid silicon tetrachloride an explosion results, H. (!. Oerstpil found t hat potailhium 
amalgam does not react with tile tetracWoride at ordinary temp. V. Frjj'del and 
A. Ladeiiburg, and N. N. B,pketoff showcil that sodium, zinc, and silver at a red 
heat withdraw thp chlorine from the tsitrachloridi' without forming higher chlorides. 
0. Rut and C. Albert found that sodium hydride, Jnd dhlciumhydride ihniot react 
at 100°, and in the pr^?nce of aluminium chtorufe.'»(i. liauter found that zitfC, 
aluminium,b^yyUium, andmagnesium react at 2W)'’ forming the nie^l chloride 

and silicon. K. Seubert and A. Schmidt observed that with mVgnesium at a , 


dull rcd-hcat, magnesium silicide and silicon are formed without incandescence; 

G. jRautcr obser,ved,no •reaction wi[h iron at 2(XJ* IKX)*, N. 1‘arrifvauo and 
C. Mazzetti found that silicon tetrachloride reacts with iron at^9(X)° forming an iron 
silicide. E. Vigouroux showed "that with^rcducej iron at a dull red-heat, iron 
silicide and ferrous chloride are formed; cobalt similarly regrts at l^(X)" 1300° 
nickel also forms silicides. . ^ ‘ * , 

According to G. Ranter, most of the metal oxides', react with silictm tetra¬ 
chloride, forming the metal chloride or oxychloride and eilfca. dn some cases, the 
reaction occurs at ordinary temp.; in others, tli(‘ oxide must be heated. At higher 
temp., crystalline silica and ditlercnt sdicates may be formed as in the syntaxes 
by A. Daubrfc, and L. Troost and P. Hautefeuilhr G. IRiuter examiifrd the 
reaction with silver oxide and the two copper oxides; (1. Ranter, and A. DaiiVree, 
the reactidli with mkium, .tlroalimii, and Ixniuin oxides; and also with heryllium 
and rnmnesium oxides; (1. Ranter, the reaction witlrrmc, cadnmim, and mmnrtk 
oxides, and with boric oxUe ; G. Ranter, A. Daubree, and b. Troost and . Haute- 
feuille, the reaction with ahminium oxide; G. Ranter, the reaction with llialltum 
oxide the bismulh oxides, and tin and lead oxides. With heated lead oxide, 
CaFriedefand A.badenburg said the reaction occurs with incandescence, forming 
lead chloride andfcte; b.Troc)ptand P.Hantefenille, the reaction with zirconium 
oxide ; G. RaiitA, the reaction with litamum oxu[e ; ehromumi oxides ; wolyb([enum 
oxides; tungsten oxide, uwiiiidm oxide; the manganese oxides ;^ihe iron oxides; 
cobalt, oxide; and nickel oxide* The metal salts with inorganic sen s general y 
behave like miXtufes of the acid anhyditdes and the basu: bxides ; Wra has scarcely 
any action on silicon tetrachloride ; fenfC. Raatif observed,the reaction with tb 
alkali carbonates ; polassimn mtritaasid nitrate ;,]iotas.smm chromaie and diehroniak. ; 
icumic sulpMe; and with pitassmm jiernia%ganal<* eMorate,•bromide, aid,wdi(k 
■ no action was observed with caleiumjbwrule,%o<bum suljihite,potassium polysulphide, 
or n*rcurk sulphUe. In general: the. Ijeavy Aetal S^pludes have scarcely any 
actitm.' A. F. Holleman and H..J. Slijper found that sodium fl«oridc rcaets, forming 
sodium cUoride and silicon tetrafluoride; and P.^Miqiiel (pund that at ordinary 
temp lead thiocyang^ forms s*rifon tet rathiocyaijatc and learhcHoride. (. Friedcl 
aiid^A Ladenbcrg represeiitsd the ri*hction .fritR reil-hot s^um O^e, 81CI4 
-f 4Na20=Na48i04+4N4Cl; the alkali oxide.*Js siipposgd to lie contained in the 

*°^From thctnalugy between rcthaii? and silane, it would b*c aiitl\;ipated that the 

hydrogen atoms of silane could be*rc,Jace(J b^ cTilwnne atoms 

three substitiitioft products have been obtained sathatthe serigs of Sllioon cWoro-* 

hydrides, SiH.Ol^Ji,, * • —. 

“y , ^ «CI. • SlHCl, SIHA • *'«.« 
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ia complete. The first substitution product was discovered by H. Buff" and 
F. Wolder^ in 1857, and it was at fiipt supposed <.o be a compound of silicon 
chloride and hydrogyn.chloride f but'in 1867, C. Friedel and A.,L8denbdVg showed 
that the compound has a foanml analogy,with shlorofvrm, CHCl^, and it,was there¬ 
fore called silicothlorotorm, SillCl,. is also called tricblqiosilane. 0. Ruff and 
C. Albert were not able to ftbtSin this compound^bythe action of educing agents 
on silicon tefrachlorfdo' hut A. J. Besson and L. Fournjer did obtain a small 
quantity of silicochloroform by passing'the vap. of silicon tetrachloride o;%r red-hot 
calcihm hydride. H. 'Buff and F. Wohler made trichlorosilane by heating siliccn 
in a current of dry hydrogen chloride, d’his jirocSssavas emplfiycd'by C. Friedel 
and A. liadenfierg, and E. Vigotiroux. /I'he product waa separated by fractional 
distillation from th<! other silicon chlorides fcyined at th? same time. The trichloro¬ 
silane dictils between ,35“ "and *57°, and tlie silicon tetrachloride towarrjs 60“. 
li.'Cambi found Irichlonwilaiit tb''be*the chief jiroduct of thqaction of dry hydrogen 
chloride o,n silicon sulphide, iSiS. eJ,» Oattermann obtained it among the products 
, of the action efi dry hydrogen qhloride on the crude silicon or magnesium,silicide 
obtained by reducing (piartz sand with magnesium. F. Lengfeld said the yield is 
improved ‘liy using an t’xcesSi of sand with the majlfnesiivn. H. N. Warren passed 
hydrogen chloride over ferrosilicon containihg 16 per cent, of silicon; and H. Moissan 
and A. Holt, by jiassing hytlrogiui chloride oven heated vanadium silicide, V.^Si. 
In all thihie, cases, <Ue‘trichlorosilane fs to be sejiarated by fractional distillation 
'from the enndenseil.lifpiid. Combes passed dry hydrogen chloride over copper 
silicide lifated in a vap.-bdth of sulphur, mercury, or diphenylamine. The yield of 
trichlorosilane is about' 80 per cent, of the theoretical, and the remaining 20 per 
cent, is mainly the tetrachloride which can be 6e|iaratc(l by fractional distillation. 
0. Buff and (J? Albert considered this to be the best methml of preparation. A. Stock 
and F.aZeidler worked at 300“, and found the purification by distillation in vacuo 
to Ijo very tedious because the. hydrogen chloride and silicon tetrachloride are 
retained very tenaciously ; indeed, the former appears to be continuous!;, produced 
(frobably owing to the slight but unavoidable water-content of the glass. 

Trichlorosilane at ordinary temji. is a colourless, mobile liquid with a smell like 
that of silicon tetrachloride. The analyses of H. Buff and F. Wohler, C. Friedel 
and A. liadenburg, and 0. Ruff and C. .Mbert established the composition ; and 
C. Friedel and A. Ladenburg's vapour density, 4 lit, agrees with the value t/i!) 
calculated for the formula HillCI.,. H. Bulf and F. Wohler'gave l lib for the 
specific gravity of the liqdid ; while 0. Ruff ami V. Albert gaw.r 1-3138 at 15“ ; 
and A. Stock and F. Zeidler gave'l-35 at O'. 11. Buff ipid F. Wohler gave 42“ for 
the boiling point,' V,. Friedel ambA! badenburg, 3!>’ ,39“; I-, (lattermann, 35"-37” ; 
A. J. Besson, 34“; 0, Rtdf.and ('. Albert,'.3,5“ .34”; (’. I’a].e, 33“! A. Stock and 
F. Zeidler, 31-8°; The last-namtd gave fit.- the vapour pressure, p mm., at different 
temp.: , 

'86-0" -rO-1* -60-0° -:iO-r.° -lO-S" 0° 10-5° S.'IO" 32-0° I 

. 0-7 2-8 13-0 WS '■ 132 . 218 338 398 766 

They also gave for thf melting point -126-4“ to -126-6”, and 0. Ruff and 0. A'bert 
gave—134”. It will'bo obse,rved that chloroforip boils at 61-5", and that in 
general, apart from, polymerization, t he silicon vAinpoiinds are generally more 
volatile than the tiirreaponding'carlion compounds'. , H, Buff and F. Wohler found 
trichlorosilane to be a non-conducton of electricity. 

According to H. Buff and F. W(liiler,when .the vap. df trichlorosilane is passed 
through a red-hot tube, hydrogen chloridA; silicon tetrachloride, and a brown mirror 
of aiAorphous s'llicon are produdbdv 0. Ruff aiad Ch Albert deny the production of 
, hydrogen chloride,'and th«y.re]ye3cn{ the decomposition as a balanced reaction : 
4SiHCljt=iSi-f 2 H 2 ^3SiCl4; awl if hydro^n bit mixed with the vap., the temp, 
of dwomiwsition is higJ.er -about 900". A. Stock ^nd F- Zeidler said that tri- 
chlorosilqne is remarkably stableitowards heat, but at 9(19° it suffers almost quanti- 
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tativ* decomposition into silicon, liydroecn, hydrogen clJoridc, silicon telracliloridc, 
and a trace of liquid less vojjitile than rhc latter. A. J. Besson and J-. Fournier , 
found that wlien a mixture of dry byd^oa and thp vaji. of tricblorosiliyie is 
exposed teethe darlj electric ijischarf^, a yVllow oily liquid coiAaining a mixture of 
more or les« condense^ (ylicon chlorides of*the series Si„01j.(i+2 is farmed. H. Bull 
and F. Wohler sported that the fa]), of trichloro.<ilaiie<s as in^amniable as Ijiat of 
ether, and it burns in |ir with a green-mantled flame likedliitt of chloroform, pro¬ 
ducing wBlte clouds of silica, and hydrogeit chloride; a mixt^ire of trichlorosilano 
awd sir can be exploded, forming silica, silicon chloride, atid hydrogen chloride. 

(I. Friedel aiiTA. Radenburnsakl that a aarm body like allot glass rod will ignite 
the mixture. H. Buff apd F. Wohler noteB that a detonation occiitrcd dflring the 
distillation when air wa.s preSeiit in tluqretort. A. J. Besson and L. Fournier found 
that if^trichlorosifane at - 60" be sat. with dry OtygeD aiid9lp> ,soln. left^for some 
days in a sealed tube e^itiseil to sunlight, a mi.ttiAh ce^itainiug silieob oxychloride, 
Si..0Clj, is [iroduced: and a similar reactionaicjiirs with a iiiixt.ure of OZOne and 
oxygen.at 0°. 0iihke cliloroforiii or carbon tetrachloride, but like'kitIPon tctri^- 
chloridei trichlorosilane fume.s in moist air, and is’decoijiposed by water with the ' 
evolution of heat, forming silicic and livilrochloric acids ► and A. Fsiedcl and 
A. liadenbiirg observifd that if the reaMoii with water occurs at 0", t|)e hydrogen 
is retained and a white insoluhly ))owder of .the so-called sihcoforinic anhydride, 
H.SiO.O.OSill, is produced : ‘illSiCh, 1 .‘)ll.>0 (illtt ( (llSi(1)j0. A. Stock and 
F. Zeidler say that the, polymerized dioxodisiloxaiie (silicu/injiiic aiilfydridc) has* 
been isolated in the liomogeiieous condition, ami is tlieiiTeniarkahly stabljij towards 
water. In the gaseous condition, the chloro-compound Veacts yiily slowly with a 
deficiency of water vap., without giving any indication of (he foriiiiyioii of products 
intermediate between it and dioxodisiloxaiie. Attempts to isolate the lattergii a 
less highly polymerized form by deconqiosing trichlotonioiiosijaiie in the )i{eaefice 
of benzene were, unsuccessful. It, gives indications of its ability fo form saljji in 
the abseil* of watei. At ordinary temp., chlofloe converts trichlorosilane into 
hydrogen chloride and silicon tctracldoridi'; bromine, at, 10(1", converts it into 
hydrogen bromide and silicon clilorohroniide. A. .1. Besson and L. Fournier showed 
that trichlorosilane reacts slowly with hydrogen chloride,formingiiiisaturated silicon 
chlorides. 

, 0. Rufi and ('. Albert (diserved no change when trichlorosilane and solphor are 
heated in a sealedeube to 150' . H. Buff and F. Wiihler found that trichlorosilane 
is not changed by hydrogen soip^de. 0. Kiitf and ((. Albert showed that when 
trichlorosilane is treateil with colphur'dioxide, Some sulphur, silica, silicon letra- 
chloride, and hydrogen cliloridiware formed ; a^ck with sulphur t^ioxide, 8ul|ihuryl 
chloride, 8flica,«ih«on oxychloride, clilorosiilplionic aci(], and hydrogen chloride are 
formed; while A. J. Be,ssoti and L, FourniwfoiinJ that at KX)’sulphur trioxide forms 
sulphur dioxide, pyrosul))huryl cljoffde, clilorqjiulphonic ailll, and viscous silicon 
pxychlorideif Aq. ammonia, like water, waiffoubdiiy 0. Friejel and A, Ladenhurg 
to form sihcoforinic anhydride, followed by a further decomposition: SiHRlj 
-1 flNHiOH-Ha-l SiOafSNHiCH HoO. 0. ltuft*ainl (]. Albert showed that 
trichjotesilanc unites with gaseou's annnonia, but tfic jirodiwt has ngt a definite 
composition. A. Stock and J’. Zeidler found thqt in thf gaseous jihase under 
diminished press, and at atm.litnip., the reaction is synibolVetd : 2SiHCb| f 9NHj 
=f)NH 4 (ll-l-(NH : SiUljNH; ^h’c kam<» products*are obtained If the components 
are successively condensed in the game vessel and the mixture gradually warmed. 
When the product is gAdually liaated. ghe aimjde decompose,^: (NHSillljNH 
=NH3+2SiNH. A. ,1. Bessoi^aiid lA Wiurnier showed that an axplosion occurs 
when trichlorosilane is mixed with nitrogen Mrondb at -- 20°; andlf the materials 
are diluted with carbon tetrachloride, the reactiop is.symbolizdl: SiHCl 3 d- 2 N 02 | 
=Si02-|-2N0Cl-f If/l'l. Red phoiphoi|18 produces some pho?phinc aniF a high 
boiling silicon comfiounj. A^Besson found that with phosphing and triclilorosdanc 
at 15° under a press, of 40}atm., or at —35° under»8 press, of 20 atm., an unstable 
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crystalline compound is formed, p. Ruf! and C. Albert showed that alkaline or 
. neutral soln. of anenioQS oxide, or,an|imDniou8 oxide, are reduced to the metal 
by tljp action of th^ liberated hydrOjjcn, A soln. of arsenic (nfluoiidt furnishes 
triiluosilane and arsenic; yith anenic trichloride jn a sealed tube ^ 150°, no 
alteration was dbserved. Arsenic trichloride is misciblejiijr all proportions with 
trichlarosilane. % * * * •' * 

C. Friedel and A.* Csdenburg found that with absolute ^cohol, trichlorosilane 
forms not ethyl orthesilicate but elhyl Mhosilicofortnate, SiH(OC 2 H 5 ) 3 . ‘According 
to C* Combes, when trichlorosilane is treated with an excess of ani^e, CjHsNIJj, 
in benzene soln., whW acicular crystal* of triaifiliiwsilane, H—S!=(NHC(|H 5 ) 3 , 
arc fornted. This compound begins try decompose at U4°, and regenerates tri- 
chlorosilanc when exposed to dry hydrogen fjjiloride,. 'p. Ruff and C. Albert found 
trichloro^iilano to ,b« lijiscihle iif all (iroportions with carbon disulphide, parbon 
tetracldoride, chlorolom, %ad 'Benisene; paraffin is di.sao^ved by the hot liquid, 
and given uj) again on cooling. »Other reactions with organic compounds have 
^ Ijeen repdftArfby C. Rape, C. Combes, L. Gattermann, A. Fobs, etc. ^ 
r 0. Ruff and C. Albert showed that trichlorosilane suffers no perceptible change 
when heated in a sealeihtubeto 150° with sodium, sftdiuin;amalgam, mercury, silyer, 
copper, or ^in; on the other hand, A. Ulock said that il reacts with sodium- 
amalgam : SiHCl 3 -t-'dNa“ 3 NaCI-t-( 8 iH)„, since .volatile compounds are not pro¬ 
duced in tij)preciaH(J alnounts.' When heated 12 hrs. with chromic anhydride in 
•a sealed tube at VIO’tj silica, chrqmic oxide, and chromyl chloride are formed. 

A. J. Beiirfon and L. Fourfner said that the nsaction takes place at ordinary temp, 
when an unstabhihrowAi conij)ound, CrjOClj, is formed. The reaction with a dil. 
sqln. of sodiup hydroxide is repre.sented; 3 Na 0 H+SiH('lj-f-H. 20 ---Si( 0 H )4 
43¥aCl~t-H^. Trichlorosilane does not react when heated with silver fluoride or 
lecftl flsoride ; but with stannic fluoride or titanic fluoride, triiluosilane is formed. 

• Tncildorosilane'is miscible, in all proportions with silicon, to, and titanium tetra¬ 
chlorides. A. Stock and F. Zeidlfer found aluminium chloride has no action at 175°. 

* F. Lengfeld^ thought that silicomethylene chloride, or dichlorosilicomethane, 
or diohlorosilane, 8 iH 2 C 1 . 2 , was formed as a by-juoduct in the preparation of tri¬ 
chlorosilane. A. J. Besson and L. Fournier obtained this compound and also 
silicomethyl chloride, or chlorosilicomethane, or monochlorosilane, SiHjGl, by 
passing dry hydrogen chloride over heated amorphous silicon, and abserbing the 
products in silicon tetrachloride cooled by means of solid cilrbon dioxide. By 
fractional distillation of tlAi soln., the compounds, SiHjt'l, whicfi boils at about 
—10‘* and SiHjOlj, which boils atlabout 12°, were ebtajned. Both these chlorides 
are colourless, ndibile liquids, which have a large coeff. of expansion, and are 
decomposed by water and jlkalies with evolution of hydrogen.'' A sulphitr com¬ 
pound boiling at about —25° wts else ob.ained in small quantity ; the formation 
of this is attributed fh the presence of sulplivr.as an impurity in the amorphous 
silicon,^ In an atteupt to make thesfe compounds by passing silicon‘tetrachloride 
vap. over calcium heated to a temp.ibelow redness, the products obtained were 
hydrogen, hydrogen chloride, ^dico‘chloro^ofm, colcium chloride, and either cailcium 
silioide or as amorphr'us silicon, depending on the temp. At a relatively lov temp, 
and with excess ealciuVn hydrvlc, calcium silicide i^ formed, whereas at A higher 
temp, and with exeiSs of silicon tetrachloride, •alnorphous silicon is obtained. 
According to A. 8 t'ock and F. Ze'dler, withfwater, apd ammonia, monochlorosilane , 
yields respectively the sujistances (SiHsjjO and^SiHsljN, which arc unimolocular 
and volatile. Acaording to A. Stock and C. Somiesky, nibnochlorosilanc and silver 
cyanide at 150°^yicld hydrogeli cyanide anH c^anogep as gaseous products. At 300°, 
monochlorosilane is decomposen silver, snl^vhide into non-volatile silicon com- 
c,pouu(l 8 , hydrogen' and hydrogen sulphide. Monochlorosilane an^ hydrogen 
sulphide' at 160° in the presence of alumivium‘chloride give hydrogen, dichloro- 
morfosilane, and a'volatile compound containing a’dphur—pdksibly SiH 3 .SH or 
( 8 ^ 3 ) 38 ,. The main products of the action of sodium Amalgam on dichloromono- 
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8iUn& ate raonosilane and the unsat., yellow* polymerized hydride, (8iH),. The 
course of the reaction is re^fesented ify the .equations SiHjCla-flNs^-SiHjNa.. 
+2NaCi; ^iHjNa^+mercury-^SiHa-l-sodfhna amalgalu; SSiHj-^SiHi-f 2(fiiH)*‘ 
A. Stock ^d F. Z^idler found that^when the dichlqry-conij)ound is treated with 
water, ana.ammoma.it gives respectivefjt the prialuets SiHoO %nd Sill.^: NH, 
which can be prjseuvefl for a fjioi* time, in the volatMe hirm wij^ low mol. wk, but 
rapidly become associated to non-volatile polymerides.**'Fnclilorosilane yields 
respective^ (SiOHjjO,* and (NHlSiHjoNM; and tetrachlojosilane,* respectively 
Si^HljO, and Si(NH 2 ) 2 NH. E. Wintgon represented the v»p. press., p, of mono- 
chlorosilane Jhd dichlorosiljna* respectively by log ^^d 

logp=7’8001 — ISTS'Sr^*; the latent heat of vaporization by f>248 #nd fi.'fl2 eals.; 
the mol. heat of vaporization^at 0° K. by 6.T29'9 cals, and 5929 r) cals.; and at T" K., 
by 4802 cals. and*6016 cals.*; and Trouton's con.sibrti by Ui-ft ami 21’4. , 

Th! homologous seriqg of the chlorine derifnt^*es*^f tkc silanes, Ei„('l 2 n+z. 1'“ 
been followed as far as % : • • 

• ^iCI, 8i,CI, SijCI, Si,CI,„ 81, Cl,, •'•iC'Ill 

B.p. . . 56*9" 147'* 219'’ 1.50" IlMl'* (IJ) inin.) Sublimes 200" 

L. Troost and P. Hautefeqilles‘prepared hexachlorosilicoetluuie, or hnachlofo- 
disflane, or perchtorosUicoelhane, Si 2 f\? by I'assing the vap. of silicon Wtrachloride 
over white-hot silicon, contained jn a ])orcelayi tiibe,jind by‘cooling llie products 
rapidly. The hexachlorodisilano is seimrifted by ^ractioiiftl JlistillatioiPfrom the 
unchanged tetrachloride and other silicon chlorides. L. (latternsann and K . Weinleg’ 
obtained hexachlorosilane by fractionating the producti?obtained by thSaaction of 
chlorine on the crude silicon obtained by reducing quartz*sand with magnesium. 
50 grms. of crude silicon tetrachloride so obtained furnished lO.grms. of liexji- 
chlorodisilanc. C. Friedel obtained this com]iound by the action (»f chlorine on 
the corresponding iodide, Si 2 l 8 ; and (!. Friedel and A. Ladenburg, by genllj’ heat¬ 
ing a mixture of this iodide with mercuric chloride. A. J. Besson Snd L. Fouinier 
obtained texaclilorodisilane by the fractional dthtillation of the complex liipiid 
obtained by the action of the eh'ctrical discharge on *a mixture of dry hydrogefi 
and silicon tetrachloride. 

L. Troost and P. Hautefeuille showed that the hexachlorodisilane is not formed 
by the action of the vap. of silicon tetrachloride on silicon below 2.50°, and the vaji. 
of Jiexachlprodisilane is not decomposed at t his teinji. This is regarded by P. Uuhem 
as une region des faux iquilibriv. At 350°, the vap. is deconi|iosed very slowly and 
the action is limited: 2Si20l8ei8SiCl4-f Si. Thi- ihqiosit of silicon is scarcely 
appreciable after 24 hrs. Jheteverse (tetion is c^uite inappreciable. As the lernp. 
is raised, the decomposition oh the hcxachloftilisilane become^ more and more 
marked—at 444)°,*the decomposition 
is marked, and at 800°, complete. 

On the other hand, the decomposi^qp* 
is partial at^000°, and at this temp, 
the tetrachloride unites with silicoy to 
formahcxachlorodisilane. The obser- 
vatiQni»of L. Troost and P. HaHte- 
feuille are illustrated graphiqplly by 
Fig. 201, due to P. DuhciTi-^-'fiV/e 
, volatility of silicon. * In the p/epaba- 
tion of hexachlorodisilase the qped 
for rapid cooling past’the regian 
of complete decomposition yjll be 
apparent. The diagram also explains 

how during the. passage of silicon .... , 

silicon, an annularyleposit of cryStalliga silicon is formed about that part of the 
porcelain tube w&fcb i^ ju8t,below red heat in the case tf th'e tetrafluoridcf qnd 
when the temp, is 500°-^° m the case of the tetsachloride. 
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tetraffuoridi! or stctrachKiride over heated j 
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Hexachlorodigilanc is a, colourless fuming liquid at ordinary temp. L. Troost 
and P. Hautefcuillc gave 1’58 for ihc sp. 'gr. at 0°; Martin, 1’5624 at 1574°; 
and for the vap. density, 9;7 at(239°pwnen the theoretical value for Si^t'l# is 9'29. 
The f>.p. is 146°-14S°, ■ tl. Murtin gave for th%b.p. at different'.press,, p^mm.: 

p . .12* 20 50 105 130 150- 200 '760 

U.p-V . 40° , 50° ' 'J5° 84° 92' ' 95° 102° 144°-146-5° 

L. Troost arid P. Hputefeuille found iliat hexachlorodisilanc freezes a9 —14° to 
large tabular crystals rtaembling those of boric acid. L. Gattermaiin and K. W^inhlg 
gave —1° for the m.p. of the crystals; ipid 1'45 for tjie index of rdlraction in red 
light, fi. Martin gave 7 4748 at 18° for the D-line. P. Pascal studied the magnetic 
susceptibility of this compound. L. 'ffoost and P. Hautefeuille found that the 
heated vap. of hc^iqchlorodisilaif', inflames lit air; anfl that thc*liquid in contact 
with water decomposes,formingsibco-oxalic acid and l^drochloric acid:' Si 2 Cl 8 
-(• 4 H. 2 O- llOOSi.SiOOH-l ()H(!1 jnd with soln. of alninonia or potassium 
liydroxidBfmilieic acid is formed since silico-oxalic acid is decomposed by alkabes: 
8i2Clep61l20=2H2SiO;,4;6H(Il^H2. G. Martin showed that hexachlorodisilane 
reacts witji chlorine 8 t 2 *^l«APl 2 “ 2 SiCl 4 . With gnscous ammonia it forms hexa- 
chlorododeqamminodisilane, Si. 2 (II(). 12 NHj,•which begins to lose limmonia at lbO°, 
and is slowly dccom>i)osed by water. According to A. J. Besson, phosphine is 
reduced by hexachbradisilanO at —‘ 10 °, forming a solid phosphorus hydride. 
hIj. Gattermaiin ami, li, Weinleg found that with sodium and chlorobenzene, tetra- 
lihenylsiljton, not hexaiilwinylsilicon, is formed. When silicon tetrachloride is 
poured into absoliite alcohol, there appears to be a momentary evolution of heat 
followed by a jiowerful pooling action. The cooling appears to be a secondary effect 
dlie to the rapid evolution of a large amount of hydrogen chloride, so that the heat 
of thc,phcmical actipn is masked by the eooling due to the passage of dissolved 
hydrogen chloride into the gaseous state. In the case of the hexachlorodisilane, 
the cooling is so great that boai-frost collects on the side of the reaction vessel. 
With silicon tetrachloride, .ethyl orthosilicate, SifOCaHs),, b.p. 160°, is formed. 
G. Martin has isolated six substitution derivatives from the jiroducts of the 
reaction between hexachlorodisilane and alcohol. Some properties of these com¬ 
pounds are indicated in Table XXXVI. 


'I'ahi.h XXXVI. -ETiioxY-i>iiRiVATiVK.s or Hexaohlobooijilane. 


Compound. 

Formula. ■' 

,n.p. 

(<.'^4 mn.). 

Sp. ir. 

Kefrat-UvR 
index 7>*lluo 
14-6“. 

Hexachlorodisilane . \ 

Si,Cl, ' 

60-5° 

lf)62 . 

1-4748 (18°) 

IJentaohlorothoxydisilane. 


84° 

1-388 

1-4568 

Tetrachlorodiethoxyilisiknc 

si,r:i,(Oc,H.),. 

104° 

1-270 

1-4432 

TrichlorotriethoxydiBikno 

. si,cij;oc,H,), 

122 ° 

1-163 ' 

1-4433 

Diohlordietrethoxydisilane 

Si,Cl,(pC,H,), 

— 

— 

— 

Chloropentothoxydisilane. 

SitCl(OC,H,), 

138° 

1-092 

1-4205 

Hexetlioxvdisilsnc . . , 

-> 

SiriOCjH,', 

' 141° 

0-972 

1-413^’ 

^ .> 


There is a progressive increase in the b.p., a p,r»gre.saive decrease in the sp. gr., 
and in the refractive indices as-tRe-chlorino atoms arc scplaccd one by one by the 
ethoxy-group, OC 2 H 5 '. The member 814012 ( 002 ^ 45)4 was .not obtained pure enough 
for the determination of the. constants. Theceetically, there should be a pair of 
isomeric forms far the third, fourth, and fifth members of the above table, but only 
one form of each has, as yet, bcfcn ebtained. " 

„ By the rectification between 210° ami 215°,of the productsof the action of chlorine 
on the crude silicon obtained by the action sf.magnesium on qua-Hz sand, L. Gatter- 
mann and K. Weinleg? obtained octochlorotrisilane, or octoohlofopropane, SisClg, 
The nnrectified product, consisti.ig mainly of silicon tctachloride and hcxachloro- 
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disilijne'contains 0’5-l'0 per cent, of octochlfcrotrisilano. According to L. Oalter- 
mann and E. Ellery, and C. Combes,^ts formation depends on the presence of 
magnesiuiK silicide in the crtido silicon. Besson and L. Fournier obtained 

octochlorodisilane by the fractional distillation of the toinple* licpiid obtaiilbd by 
thcaction'of the elfcctrical dlschargJon a^uixture of Hydrogen anil trichlorosilane. 
Octochlorosilane is I %olourle8% liquid and, accqjdi^g to L. Gatteriuann and 

K. Weinleg, hah a*vap. density 13 0 when the theoretica^*'(J<le for SijClj 12'8. 
G. Marti%found for the sp. gr. 1'61 at l!x“/4‘’. According to A. i. Besson and 

L. Fournier, the b.p. is 215"--218°; and (T. Martin bniiul the b.p. at a ijrese., 

p mrfi.: • , • , 

^ • • • 

* , » 

p . 17 30 . GO (ill 00 110 700 

U.p. . 100“ 113" • 120" . 130" 143° 140° 210-213 

• * * , • ‘ ♦ , ,0 

A. J.*Besson and L. Fournier obtained, ijti*.sqlKlityhition, jIr' nip. —(>7 • 

L. Gattermann and K? tV’einleg found the indijx of fefraclimi for red light to be 
r52; and G» Martin, 1-5135 at M b" for Na-Iiglit. This substnwniibs quickly 
decomjloscd by water, and, if the temp, be about 0^ meso.'iilico-oxalic acid is formed;' 
Si3Cl8-l-6H20-=8HCl-f-H00Si.Si(0H).,.Si00H. . ‘ , 

•A. J. Besson«nd«L. Fournier foowbthat the silicon clilorides obtained by the 
action of an electric discharge on silicocliloroform are of the sat. afries, so that 
the action which occurs in an afni. of liydio^eii o» dl liydsogen cliloridifc is accom¬ 
panied by a liberation of hydrogen ami hydrogen cliloridjf.* The frtletion of th* 
product intermediate between SiwClj and SiaCl^ shows,, hoa^iver, an aiiidoubted 
deficit of chlorine, and may contain small quantities .of unsaturated chlorides. 
The mixture of silicon tetrachloride and diclilorosilane obtained by acting on 
amorphous silicon with hydrogen chloride, when submitted to the ideqtric discharge, 
seems to give the same mixture of sat. compounds mstead pf uiisat. siibstarsces. 
Seemingly, the excess of hydrogen chloride acts on the unsat. silicon chlorides with , 
the liberation of hydrogen. By the action of the electric discharge on liydfoggll 
and silicon tetrachloride, a mixture of sat. silicon chlqrides is produced, which arp, 
however, present in proportions differing from those in the mixture just described. 
The fractional distillation of the mixture of silicon chlorides obtained by the action 
of the electrical discharge on a mixture of hydrogen and silicon tetrachloride, 
after separating the tetraclilorosilane, hexaclilorosilane, and (ictoelilorotrisilane, 

fifruishcif decachjprosilicobntane or decachloiotetrasilane, Si4('l|o. »» <>|ly 

liquid, boiling i||,t Hy“-I51“ andiib min. The liquid,fumes in the air, is readily 
decoiiqiosed by water, forming a wliiU- produck resembling silica, and often gives 
oft sjiarks and ignites when (gently rubbed. ♦They also obtained d^SCachloro- 
silicof^nUine, or dodecachlo^opentasi^pne, SisOlf^, as ayery viscous liipiid boiling 
at about FdO’ and 15 mm.; and tetrad^jachlorojilicdhexane, or Aetr^ecachloro- 
hexasilane, Sis01i4, as a white solid, tnelting a* 170° with (Wcoinposition, and suB- 
liming in viruo at about 2(X1°. 'I'Re sublitiafo consists of crystals with a waxy 
"consistency, and which are readily decomjio^cd by water giving a white confbustible 
substance. After the abovc-naiijid conqiound# hii*e been removed by prolonged 
heatint at 200°-210° in a vacuum, thete remains ft, ifoliif, jeddish-yellow, glassy 
masV which is almost entirely soluble in light petroleum or carbon tetrachloride, 
and is apparently a mixture <5 » number of chloriires. ^ 

The silicon oxyehlor^ps. -f be reaction between suljilmr tmioxide and carbon 
tetrachloride furnishes phosgene, COCIa, aifl pyrositlphuryl chloride, l^, 

if no moisture be preseat: 2 SO" 3 ^-(X'l 4 -€(V 3 irb 8 i! 05 '(;l. 3 ; and in the presence 
of moisture somc»chlorosulphonic acid is formea. .According tq G. Qustavson,* 
silicon tetrachloride furnishes ^yropulphuryl c{(loiide when it rearts with sqljihiir 
trioxide. C. R. Sanger and E. B. Rie'gel, however,'liave shown that there is no^ 
sign of tlte formation of silieofhosgenf, or siliiyl chmida, SlOOlj, analogous to 
phosgene, or catbSnyl chloride, COClJ. Sulphur trioxidp is-dissolved by silicon 
tetrachloride, and at oVdjmfy temp, reacts verj; slowly, but at 50' the reaction 
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is quicker (5-6 hrs.), and when the>product is distilled at atm. press, a fuming 
liquid is obtained between 135° and 150^ which reacts vigorously with water. 
The indefinitencss of the b.p, sugge^ that the distillate is a mi.xturebwt the con¬ 
stituents have not bean separated. Analyses and the b.p. of artificial mixtures 
indicate that the product ecfiitains pyrosulplmryl chloride, S 2 O 5 CI 2 , 4nd silicon 
oxychloride, SijOClj, in cqjiimolar prolmrtions. ^ This is Cc^ifirmed by redistilla- 
tion fA)m a great excemi of phosphorus peutoxide or of sodium chloride, whereby 
the silicon is largely decomposed and aj impure pyrosulphuryl chloride is. formed. 
The main reaction between sulphur trioxidc and 'silicon tetrachloride is therefore 
symbolised: 2 S() 3 -f- 2 SSjCl.,=S 206 Cl 2 -fSi 20 Cl 8 , and not 2 SU 3 -l-SX'li=S 206 Clii 
4-SiOCl» The.fraction which distils below 135° is a mixture of silicon tetrachloride 
and sulphur trioxide. If a mixture of th/. reacting constituents be allowed to stand 
for three summer moqfhs, a cqngjderable ar.iount of sKica separates, and the dis¬ 
tillate contain^ an'eicess of'jjyrpjiulphuryl chloride, accordingly, after the reaction 
2803 + 2 SiCl 4 =^ 6 i 20 Clg-l^S 2 (^CL; when the sulphur trioxidc is in excess, it is 
assumed a consecutive reaction occurs; SigOCle-l- 6 S 03 = 2 S: 02 + 38206 Clj. 

, • The first silicon oxychloride-was made by C. Ericdel and A. Ladcnbulrg® by 
passing the vap. of silicon tetrachloride through a porcelain tube packed with frag- 
inents of ffclspar, and heated to whiteness., JPhe coiiden.sed liquid was fractionally 
distilled to free it from unchanged silicon chloride. The required fraction was 
collected between 136°, and'.139°. The composition corresponded with silicon 
oxychloride,, or heiachiorodisiloxane, Si^OCI,, or ( 81013 ) 20 . 0. R. Sanger and 
E. R. Riegel found'this oxychloridj among the products of the action of hquid 
sulphur Mioxide on sill,cop tetrachloride—vide supra. L. Troost and P. Haute- 
feuille made it by passing a mLxture of chlorine with one-half or one-fifth its vol. of 
oxygon, over crystaUine'silicon, when a mixture of silicon oxychlorides and chlorides 
is qblained. I'lio heat evolved is sufficient to continue the reaction when once 
it has (-omnienqed. ' Too high a temp, is to be avoided, since the vap. of the 
dichbrido and oxychlorides form ji thick cloud which is only condensed,with diffi¬ 
culty. The action of the mixture on silicon is not so violent as that of chlorine 
alone; but it is not known whether silicon tetrachloride is first formed and chlorine 
afterwards displaced in it, or the oxygen and chloride both unite directly with the 
silicon. A. .f. Reason and L. Fournier prepared hexachlorodisiloxane and some 
of the other oxychlorides by the action of oxygen or eliroinic acid on trichloro- 
silanc. A. Stock and co-workers obtained it by the action of chlqrine on disiloxarie, 
(SiH 3 ) 20 , which is vigorous even at —125°. Theqirimary product may be isolated, 
but iimst of it decomposes into silica and silicon tetrachloride: 4 (SiCl 3 ) 20 = 2 Si 02 
-fBSiCL. H. N. ^tokes tried un 8 iKi''efsfully to make this compound by the action 
of phosphoryl chloride on the chlodohydrins of ethyl ortho- and di-silicates. Hexa¬ 
chlorodisiloxane js a colourhSis, limpid, fuming liquid; and the vap. d.^nsity, 10'06, 
obtained by C. Friedel.and A. La'^ehburg, is v 'ry close to the value 9'86 calculated 
for Si 20 C!e. The constitution is tkor^pfore likely to be Cl 3 Si.O.SiCl 3 .' The liquid 
boils at 137° to 138°, and A. Stock and co-workers obtained 137° at 760 mm. for the 
b.p., and —33° for the ra.p. R. Vfint^en gave for the vap. press., p, of hexachloro- 
disiloxane, logp=8'2930—219T'47*”*; 10044 cah. lor the latent heat of vaporiza¬ 
tion ; 11,174 7 cab. for the mol. heat of vaporization at 0 ° K., and 8868 cab. at 
T° K.; and 216 for Tiputon’s constant. C. FriedpLand A. Ladenburg fomid that 
the compound can.be'heated mu;'h above its b,p. without decomposition, but it 
b decomposed on exposure to air, and vigorously when in contact with water, 
forming silicic and hydroctloric acids; it is miscible in all proportions with carbon 
disulphide, carbon tetrachloride, cbloruiorm, silicon tetrachloride, and ether; 
but with absobite alcohol it fqrms hexethoxvdbiloxane: (SiCl 3 ) 20 -(- 6 C 2 H 50 H 
= 6 HCl-f-Si 20 ( 0 C 2 ll 6 )(|; and with zincnthyl at 180°, its reaction is supposed to be 
\n acoonj with the aquations, (S;Cl 3 ) 20 -|- 4 Zn(CaH 5 ) 2 = 2 Si(C 2 H.) 4 -t-Zn 0 -l- 3 ZnCl 2 , 
and (SiCl 3 ) 20 -)- 3 Zn(Cj>H 5 ) 2 = 3 ZnCl 2 -fSi 2 ( 3 (t!gH 5 )j. Aocording,‘to C. R. Sanger 
and E. R. Riegel, hexachlorodisiloxane and pyrosiilj^huryl chloride appear to 
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form a (fimpoimd on warming, which solidifies at — /»"; a simple mixture of the 
two Substances solidifies about —38“. i , * 

A number of the less v*>latile oxych|,oridca was found to accompany hexa- 
chlorodisifine'; am] L. Troost and P. Haeitefruilhf foimd tliaUtlie best metliod of 
preparing ihem was by the,directsactioji of oxygiKtk on hexachlorosiloxane. A 
mixture ob oxygen vap. of hexachltwodisiloxane was passed several times 
backwards and .forwards thrrtiglf a glass tube filled ifilh fra|#inents of poAelain, 
and heated by a gas-fiynace. At the end of the operatiofl, a liquid jy^s obtained, 
containinji, besides the excess of hexachldrodiailoxane employed, a whole series 
ob oaychloridcs of silicon. They were so|)iirated, theif ]i(Teentage l oinposifions, 
and their condensation in tlie of waponr at l lO" were detenniney. Some 
properties of these coinjamnds are as follows : 


• • 
•« 


at 440' 


• • 


• • 

, B.p. 

SiOjOCl, . ISC-IHU’ 

SiO.OjCl,, . • . • . 162"-I54“ 

Si.OjSl, • • • • P’S 202 ’ 

• Si,0,„Cl„ . . . c. SIKC' 

(Si,0,Cl.)„ . . . <41K>’ .r- 

(Si,0,Cl.)„ . .. (tohd) 440” • — • 

• • • • • 

There is no actual evidence of flic conslitntmn of the.se compounds 


•Fomiil. 

•|10-»B) 

15-.') 
;il 2 


Tliisvy. 
’ tt-80 

28-0 


*rhe second. 


decachloiotetrasiloxane, (Si( third, qptpchiorotet^iloxwe, 

(SiCl 2 ) 404 , in the li.st may be related to the phenyl derivutivegT^pared by K. S, Kiji-, 
ping, and represented: * • • ^ * 


ci,Si.o.,sia3 

6 

C'lsSi.O.SiCI, 

Dt'caclilorotctra* 
slloxane, Si^OjCljo. 


O 0 

CljSL().Si(’lo 
()ct4)ch!orot4-tru- 
wloxaiHf, Si^OiCI^. 


((’.H,)jSi.().Sf|C„H4)j 
, ()r)o|)!M'iiyli«tra- • 
Hiloxjuie, 


The fotirth member, dodecachloro-octosiloxane; omy c 

of two rings of the preceding memhiT of the series united by oxygen atoms: 


• , 

(’insist. 


('ljSi.().Si.('l0.Si('1.0.Si('l.. 

() 6 o () 

ci3«i.().Hici.().Ai('i.o..si(;ij 

» • ilodcoacllloro iH'lesIlexune, Sl,0,„Clj,. 

The mol. wt. of tjie other two meiiTbers of the series are«unknown. '1 he comph’xity 
of the oxychlorides recalls that,of the ctimplex sflieic acids and of the silicateS. 

* ^ » *• 


J. J. Beriselius, Pagg. .4)oi.. 1. 210, Iit24 
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§ 58. The Silicon Biomides 

(a. iS. iSenillas' iimilc silicon tetrabromide, or tetrarbomosilane, Si Hr,, by 
passing the vap. of bromine over a red-hot iiitimale mi.\ture of silieu ami enrlii'ii. 
J. K. ReynMds mail^i the carboii-.siliea mixture from pellets of silica and Kyrn|i of 
sugar, dried, and ijrmted. J. E. Reynolds purified the crude product by jiasning diy 
hydrogen through the liquid to rjunove, tsost of tiei free bromine ; ami the product 
was then shaken up with ftielaljic mercury. Who liquid was then subjected to 
fractional (Ji.stillatiqn, and the fraction,boiling at’ bW’ qpllected. (1. I’. Haxter 
and co-workem’lescribed the puriliciilion of sibci^ tetrabromide .for their work^ 
on the at. wt. of silicon. • • 

,E. Lay sa#l that only a poor yidd was ^ibftiimnl by passyig bromine over a 
nlixture of freshly precijiitated silica and cjrboii. L. (iattermaun made, Silicon 
tetrabromide by jiassing bromine Jaji. over tin* crmle silicon made by reducing 
quartz*s^id with magnesium. Tho«liquKh which w.isfolfectcd^n a receiver cooled 
• with iSe^id salt, was purified by fractional distillation; sliakuig with mercury; and 
redistilling. M. Blix made the dopiiiound by the actihn of brinnine vap. on jnirificd 
silicon at a rod heat, »nd ho puriHed the,produyt bji digesting itnFith mercury on 
an oil-bath. E. Lay recommfnded making sjlican tettabromide by the action 
of a mixture of bromine mp. andTiydrogcn'Di%ferro-8ilic4m at (Hf, and purifying 
the product by J. E Jleynolds’s process.* it’is also tnade by passing 4 raiiid'current 
of hydrogen bromide over silic^ 11 % a red hea^, * 1111 ^ jnirifying thb product* by 
fractional distillation. L. Gattcrmann louirt that a^bptter yield of the tetra- 
broraide is obtained by passing hwdni^Cj/i bromide over the (#ude silicoA fre-ed 
from magnesia by^^Jashing with (iil. acid. The product is seqiarated from ihe 
accompanying tribromostlaje liy fractional distillation. (•. Gustavsoii obtained 
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silicoa tetrabromide as a product o! the action of siKcon tettachJoride on darbon 
tctrabromidc. A. J. Besson and'J;. Fo*nier found silicon tetrabromide among 
the nroducts of the action/f ail ele#trJbal discharge *on tribromosilaiie.* 

Silicon tetrabromide is a ^avy coloufless liquid which cvoli^s dense white fumes 
when exposed do air. TEc cthereal,dDdouf in G.'S. Sdrullas’ prepAration was 
attriljuted to the presence ff *arbon tetrabromidf. ,J. I. fidrrj gave 2'9128 for the 
sp. gr, at 0°; J. fjf Reynolds, 2'82 ; G. Abati, 2 77223 at 23'5'^. G. S. Sdrullas 
gave 148“-l50'’ for the b.p.; J. E. Reynolds, 153°; L. Gattermann, «J53°-154°; 
G. Abati, 153’4°at fWA mm.; and M. Blix, 150 8° at 751'4 mm. 0. S. SdruJJas 
said that the liquid fre(*cs*at —12° to —16°; and JI. Blix gave 5° foWhe m.p. of the 
solid. 1!. M. Guldberg gave 383° for the critical temp. J. I. Pierre found the vol., 
V, which unit vol. of liquid acquires It ff° is ®=l-f03952572440d+0’0(756742d2 
+0'0j292074d3; ^o( the coeff. vf expansidiT at 20° iS O O 3983 . > T. J. Saslawsky 
studied The rdlation bcls^eemthescoaff. of expansion and the structure. M. Btrthclot 
gave for the heat of formation rath crystalline silicon and* liquid bromine Si+4Br 
,-SiBr4i5Jffd»|«7l Cals. ; and with SiBr4g„g,858 Cals. G. Abati^avc for the indices 
of tefraction, i r)r)820 for^thc /fa-line ; 1-57410 for the H^-line ; 1'56267’ for the 
/Wine ; and 1'.58370 tor tlte //y-line ; for the mel. refraction for the //o-linc with 
the n-formtila, 70 07 ; and with the n--f(frfhula, 10-48 ; and foi*the sp. dispeiSion, 
=0-(K)920. 

The general pi»>pefties oT flic tef riAromide resemble those of the tetrachloride : 
but, unlike ailicoi^ldtrachloride, A. J. Besson and L. Fournier found that when 
the tctrifbromide is mixed with hydrogen, and subjected to the electrical discharge, 
there is very liUle dhSnge. C. Friedel and A. Ladenburg found that oxygen 
decomposes tlyi vap.tof silicon tetrabromide. According to G. S. Serullas, water 
rapidly decamposes silicon tetrabromide with a considerable rise of temp.; the 
hydralysis is accevnpanied, by the formation of silicic and hydrobromic acids. 
M^lerthelot gave SiBr 4 iii,.d- 21 l 20 -l Aq.~ Si(). 2 ai|.-f 4HBr-f 85-8 (Jals. A. J. Besson 
Elbowed that when distilled with todine, with or without hydrogen, over hfated silicon, 
•bromoiodides are formed; and with dry hydrogen iodide, at a red heat, silicon bromo- 
iodide is produced. M. Blix found that hydrogen sulphide is without action on 
the liquid tetrabromide; G. 8 . Serullas, that under sulphuric acid, the tetrabromide 
is resolved into silica and bromine in the course of a few days; and A. J. Besson, 
that silicon tetrabromide absorbs ammonia, forming white amorphous m/icon 
heplammmilelrabrimide, SiBr.t.7NH;j, which is decomposed Jjy water. E. t^ay 
could not make the hejitasiimino-rompound, bSt by mixing ammonia with the vap. 
of silicon tetrabromide, diluted \fith hydrogen to keep down the temp., he obtained 
silicon heiamthinotetrabromijte? SiBr 4 . 6 NH 3 ;, and' the same compound was 
obtained by the actioftvif^mmonia on a foln. of silicon tetrabT-omide i.n benzene. 

« The white pulverulent hexnm4ni»e has & sp. gr. 2-307 at 17°. It is slowly decomposed 
by exposure to moist*air; and wh^n heatorl, D()th bromine and ammonia are given off. 
All the bromine can to expelled^y hoatrig the hexaminine to 900° in a stream of ammonia, 
or carbon dioxide. Lead peroxide is reduced to lead; and, when heated with potassiutn 
chlorate, there is a vigorous ^ reaction*-and much bromine is evolved. Two mols. of 
ammonia are lost in cuntatt ijath water—sjo^ly ih the cold, rapidly when heated: with 
boiling alkali-lye, ammonia is evolved; cone, nitric acid reacts vigorously/yiving ofl 
bromine and nitrogen "oxides; and when heated with cone, sulphuric acid, bromine if 
given oft: 8 iBr 4 (NH,l,-|- 5 H,St) 4 =Si(OH),-h 3 (NH,) 4 B 04 -h 2 Br,-|- 2 SO,. 

A. J. Bessoh' found that •sfliten tetrebroihiAcJs .withoilt action on phosphim 
under ordinary press,, even at'thcA.^).; but after repeated compression, and main 
taining the prws. for several (htAtrs, a colourless liquid is formed which becomci 
white and opaque,* and changes into Vif amorphous white tiolid. As shown b; 
J.‘E. Reynolds, silicon tetftbxomidc {on*s aSditive compounds with variouj 
organic bases, ahiline, and thjo- anR alkylated ureas. G. S. Serullas noted tha 
when gently heated with potassium, thettcxaifimine explodej violently and break 
t'hb glass containing frcsscl. C. Friedel and A. ladenburg hJund that , with lea< 
oxide «t 250°, lead bromide and silicate are formed, pi. ll. Besson obtained yellow 



,SIL1C0{1 . 

SXSttr “I'* “ '^^^<<’noxy{>romuh when air roacta 

Lmide ig^oWila f t^rabroihida and tribro.nosilanc. The »xy- 

hydrobromic'and alicicacTd^ "“T»' kv water into 

„ •• • f'JJ'j siiiBr, am Hr, * 8*HiBr . am, 

^ B-P' ■ • • ISO'S” . ni” • u«” , 19 - _ 1 ,!. 

fl. Buff and F. Wohler 2 ®iadc siliqjbromolonn, or tebromosilane, Sill Hr j, 
from the products obtainedny passing hydrogen bromide over heaied ailifoo as in 
the case of silico-chloroforra. A. J, BessAi and 1 j. Fournier used a similar process. 
They found that08 per cent, of the lit[tiid consist^lmf ^ilieo* tet^rnbromi<le anil the 
remaining 2 per cent, imnsisted of the tri- ami •h-lgoimjitilanes. ,/l'he ?ompoujul 
was purified by shakin|; it with mercury, and bj^fracttonal di.stillation. L. (latter- 
mann used the Wude silicon obtained by reducing ipiartz sand wjtJaanagnesinm, 
after washing out the magnivsia with dil. acid; attil ('. Combes iiseil cop))er aiheide* 
containing 20 per cent, of silican. The pieparation pf*thiji bromide b^’ 0. linIT's 
mfthod used for’tri-ilidosilane was uimati.sfactory becanae tribromosilane and ben¬ 
zene, boil so close together that they cannot be .separated byJractional distillation. 
The colourless, fuming, liipiid tribromosilane, acrtiiTliiig tow\. Besatm, ignites 
spontaneously in air. H, BiilT and F. Wohler found the s|pgr. of thisliipiid to ba 
2'5; and L. Gattermann, 2'7 at 17°. The Ritter sawl.tliaf the preparation of 
H. Buff and F. Wohler ws.s jirobably iin|iurc. A. J. Be«s»u said that in a neutral 
atm., tribromosilane boils without decoinposirton at l()t)°- |I0"." A. .1. Bea.son and 
L. Fournier gave 110°-122'', and L. Oattermann, ll.5"-117'’. A* ,1^. Besson s&id 
that the liquid does not freeze at — fiO". Tribromosilane is decomposed by wiiter, 
and if the mixture be kept cool, silicoformic anhyitride i.s proikced. It rcact,s, 
with iodiijj' forming silicon tribromoiodide. It »'act-B energetically with ainiffoijia 
with the develo|)ment of heat and light, but the wljite product contains silicoy, 
hydrogen, and ammonia. I’hosphine does not combine with tribromosilane at 
—40° under ordinary press., but at 1!')° and 2:') atm. jiress., it produces a white. 


solid p/mphiiii‘lrihroi)mil(ine. 

A. .T,^Bes,son and h. Fournier obtained dibroniosilane, or siliconiethylene 
bfomide, or dibuomosilicomethane, BitLBr 2 , as indicated above, from the 
products of the,action of hydrogtm bromide, on red-b,ot silicon. Under ordinary 
conditions the reaction bctwejn bromine and silane is very violent, but A,•Stock 
and C. Somiesky found that if aiyoxcess of gas iitled into a large viyssel on t he walls of” 
which^olVl brqmijie is deposited, and tjje tenqi, maintaiinjd at about - 80° to - 70°, 
the mono- 4nd di-bromides can be, ojjtainei^ (|imjJirativcly fiee from silicon 
tetrabromide and tribromosilane The products can be icparats'd and purifirtl 
by fraction*! distillation, A. J. ftesson and»l/Foiyuier found dibromosilane to be 
*a mobile, highly refracting, colourless, fumijig liquid which inflames spontJneouely 
whetj exposed to air. A. Stock ajid ('. Somiesliv fotind that it can be kiqit a long 
time iipthoroughly dried vessels • aiiiR that the sp.^r*of tlm liquid is 2’17 at 0°. 
A. J. Besson and L. Fournici^gave c. for the b.p., and A^STock andti. Homiesky, 
66° at 760 mm., or 18° at 12* wnm. The m.j). i8*-70'l°.», K. Winbgen gave for 
the vap. press., p, 6f dibjpmo^lasie, |()g p-^'^ 0642—1620'2ViJ ; for the latent 
heat of vaporization, 74,05 cJls. The liquid js very sensitive, to moisture, and is 
decomposcii by water into hydrolyomic aeiil* and a sfliid, (SiHjO),. Alkali-lye 
decomposes it in aecord with SiH2Br2«|-4RaOH=^Ht-4 2 NaBr 4 ^a 2 Si()^f HjO. 

A. J. Besson aitd L. Fournift obtained evidepesaof sUicomethyl tromide, Hjono- 
btomoiilime, or Jiromosilicomethane, fiilf jBr, in the J,ow-boiling products of the^ 
action of Kydrogen bromide on r»d-h»J;ilicon; Aid, as indicefted above, «A. Stock 
and C. Somieskjt^isolated it from the products of the jetion of silane on^olid 
bromine at —80° to —7l)°» It ordinary temp., m^nobromosilane is a colourless^as 
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with a pungent odour reminiscent of sSane.. The liquid has a sp. gr. 1‘633 8t0°; it 
boils at 1'9° and 760mni.; ifs m.p. is -941 R. Wintgen gave for the vap. press., 
p, of raonobromosilanc, logpi=7'5243—127 d’ 5T"^ ; fot the latent heat o^vaporiza- 
tion, ff«34 cals.; fof the nfol. beat of vaporization at 0°K., 5S86’0‘c8ls,, and at 
r K., 5862 cals^; and for itouton’s coastaift, 21'3.* It maj-*be pscffved over 
mercury for some time, but Jt detonated on expojure to tl* <ir^ giving ttic acid 
and browu silicon. jjqgcts with cold w'ater according to the equhtion ,* 2SiHgRr 
-f-H.jO^-2HBr l-(SiHs)s!0; whilst it njay be analyzed by measuring tje vol. of 
hydrogen produced uhder treatment with 30 per vent, sodium hydroxide, accord¬ 
ing to the equation ; SiIl3lSr-f3NaOH=3if2“fhiaBrd-Na2SiO,^., • * * 

A <au»i)lete jerics of silicon chlorobroAides has* eAi obtained ranging between 
the extremes silicon tetrachloride and te^rabromide: , • 

, , , * SIBrj ** SIClBrj ** SlCljBrj’ SlCfjBr SlCl, 

, li.p. . . Vo r. •• • 127“ 104" , 80° dh° 

tt. S. SisnUps'* obtained chltftofribroiuosilane, SitilBrg, as«a by-product in 
•tll(! Hianufacture of the ti'trabrmnido, and J. R. Reynolds found it to bo present 
in the fraction boding l^et#(^^'n 140“ and 144“. A.,1. Besson separated it from the 
by-produof in the preparation of the dichlsipdibroniidc by f»acti«nal freezing, tot 
fractional diftillation, A. J. Besson and L. Fournier found it among the products 
obtained by passing ,tlje eleiJtrical (l}s»liarge thrflugh a mixture of silicon tetra¬ 
chloride, bremine, mul hydrogen. All three chlorobromides arc formed. The 
dichlorodibromide a'^pcaj's^to be, the chief constituent of the ndxture, and when 
this is sutflnitted in the presence of hydrogen to the further action of the discharge, 
it undergoes dccoRiposition in accordance with the equation: 2SiCl2Br2—SiClsBr 
-|-4hClBr3. If if mixture of the thrive chlorobromides is treated in the same way, 
deji/atives of the ty|)e Si^Xj appear to be formed, but their separation bas not 
been satisfactoaily accomplis'heil. The chlorotribromide apjiears as a colourless 
liquffl which fumes in air. J. E, Reynolds gave 2'432 for the sp. gr.^and 10'43 
fyr the vap. density when the value calculated for SiCIBrs is 10'47. A. J. Besson 
found that it solidilied when cooled below - 50“; and tlie, m.p. of the solid is 
- .39“ ; .). JC. Reynolds gav(^ 140“ -141“ for the b.p., and A. .1. Besson, 12t)“- 12H“. 
When treated with water it rapidly decomposes, forming silicic, hydrochloric, and 
hydrobromic acids. A. J. Besson obtained a white solid silicon hemihenadecam- 
minochlOTOtribromide, 2Si(TBr3.11NH;), which is decomposed by water. The 
composition may be really ^lat of a hexamminct 

C.»Friedel and A. Ladenburg Jieated tfichlorosilanc and bromine in a sealed 
•tube over 100“, a^id obtained a mjxturo of trichlorobAimoailane and dibromodi* 
Chlorosilane, SiBfjCl.,, whjch word separated by fractional distillation at apout UK)“; 
the trichlorobroyiosilane collects betweenj^^^" and 82“. The products are purified 
By shaking with mercury followed By redistillation. A. J. Besson likewise obtained 
it from the products which are {ornp'd whefi & mixture of bromotrjchlorosilafle 
and hydrogen bromi&o is passhd through a red-hot porcelain tube; and, as indi-» 
cated above, A. J. Besson amj L. JfoiAiiier foutid it among the products obtained 
by passing the electric disoharge throagii almixture of silicon tetrachloride, 
bromine, anB hydrogcip A. J. Besson found that the colourless fuming liqu'id'does 
not freeze when coole^j to —00“, and also that ^tjtoils at 103“-105"; C. Friedcl 
and A. Ladenbnrg gave 100°., «lt dorms ^silicon* pentamminodibiomodichloiide, 
8iBrjjCl2.5NH3, when treated with‘dry, ammonia. The' white amorphous pentam- 
mino is decomposed by water. It ij5ay be a heAmmine,’ 

C. Friodel ancf A..Ladentiur^ prepaAgl tricblorobromosilaiiti, SiBrClj, as indi¬ 
cated above, aid also by dropj^i^the calculajicd ({uantity of bromine into silicon 
trichlorohydrosiilpbido; thefo is a copious evolution of hydrogen bromide ; and 
sulphur .bromide is donned*: ■Si(A3(HS)-l-3Bi;^=SBr-f HBr-f-SiCljBr. The product 
is purified by fractional distillation, and’^haking with merctif}'. A. J. Besson 
obtained triohlorobromfi'silane by the rectification of tlje products obtained when 
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a mixture of hydrtfgen bromide and silicon tetrachloride vapour is passed through 
a red-hot porcelain tube ; and, as indjfated above, A. J. Besson and L. Fournier 
found it *noug the products obtained by»p^sinj;ai> electric discharge through a 
mixture of silicon tetrachloride, bromintf, and hydrogen. *1110 colourh'ss fuiuiiig 
liquid wa^^found by A. J. Bdhson nA to ffeczc at —wT. t’. Friei\(d and A. leaden- 
burg gave 80“ for^tfe Sb.p., (jnd,they found that ij. ij decomjiosed by wat^'r into 
silicic, hydrochloric, and hydrobromic acids. A. f. liasafli obtained a white 
solid, silkon hemihdliadecainiamotiichl^obTomide, 28 iBrCt 3 .llNdl 3 , which is 
decomposed by water. It may really be a he.xammine. yi? also found tha^with 
phos’phinc, alrt° and 25 atm., yr —22° and 17 atm., a ujiito addition product Is 
obtained which is decompo&d when the temp, is raised. The homologcus series 
of the bromine derivatives.of the silane series, Si„Br.i„ + .), has been followeil as far 

■ snir, Slifr.!, *>^8 * . • 

'JS" • •I3:c' '• IHiV 


M.p. 


C FriedeH TJiscovered hexabromosilicoetlme, or perbromcttiltoeathane, oi 
hexabfomodisilane, Si.,Br„, in 1809. , (;..Fricdel n.id A. (.adenburg made It l»y (In 
action of bromine on an eij. amount of hexaiododisdiyie dissolved in ciybon disut 
plflde • the libeflite* ioifme was remeaed by decantation ; the solio was sliakei 
with mercury ; and the solvent evaporated from the soln., taking care to excludi 
moisture, from the atm. The solid can be*. puriHefl by B'-soJii. in eaWioii disill 
phide, and agitation with mercury. A. J. Be.ssoqand L. h.».tirmer foSiid it amonj 
the Tiroducts of the action of an electrical disi harge oiidhe vfp. of trili.;mioailane 
H Moissan and A. Holt obtained it by the action of bromine oil vanadium si icide 
At ordinary temp., tiexaclilorodisilane f(nnis white, erystylbim plates winch are 

optically biaxial. C. Friedel and A. Linlenburg .said that it b.ulS i^t abo t 21(1 , 
and A. J. Besson and L. Fournier gave 2().5° for the b.p ijiid .h for tbi rfi, . 
When treated with potash-lye, it ilevetops the theoretical .|uant.ly of liy<lrog<n., 
Its goiuTi^ reactions rosf'inblc tliosi* of hcxachlorwailanc. • 

Aecordioe to It Malm, tho mterinmoo of bromino aiaf silane furnisbos a littlo silicon 
tetralZmZ and pentabromodisllane. fbllBr., whud, was se,,a^ 
of bromine by distillation m a stream of carbon diox.de. " ‘n 

cooliiiK furn.sl.es a mass of neodlo-l.ko crystals wind. nXicrwI.e.t CiUsI 

f, rSl w.tr»mu,r give l.ydrob.mi..o acn. 

The bnpum Si.H .H'n 

silicon tetrabroimde and triUtoinos.lane. » ^ . 

A *J llcasdl. and L. Foiirni.T, aflct 8C].arating silwoTi tctrabroinide, and hexa- 
bromodisilaim from the products of y.e fetum M In elect ric.discharge on trdn.nj^- 
silaiie obtained colourhiss crystslsenf octobrttmosiUcoprome, or octobromotn- 
.oiinnn’ 8i Rr mn 95° b.p. 21)5' ; crystals ^f decabfomosihoobutane, or 
derabromotetrasilMe, SuBrn,, m^l'ing wit*, decom^msition at 185"; and a yellow 

resilflie. 

.a<* 

. ., Bkkerksoes. , ^ 

rCSnalW. “t i.a 

&r., 22. 186. 188a, I, mp. 286. 1818 M. BcWidot, .4.. 

m%Z: 

1897 ; Ze»(. p*JM. Cfem.,26. 353,1898, b. w. i.Uio'icrg. ^ • . 

Sir.. (6), 1. 350,1883 ; A. A tried"’ a^A.^enburg. A. 64. 359. 

mi iw"d"^*iw"3«’2. i’s*";' ZS'soc ikm., (2). 7. 32^1817 ; Ann. 

IZk m Saicinm-StickMoff-WannernlllS Vrrfandaw M.mAen, 
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n, 1910; G. P. Baxter, P. K. Weatherilltand E. W. Scripture. Pnc.'Amer. Ami., 58, 245, 
1923; J. J. Saslawsky, ZtU, fhyn. Chfm.tltS. Ill, 1924. 

• H. Buff and F. Wohler, Liebig’s Ann., Am. 99, 1857 » L. Gattermann, 22. 193, 
1889;,0. Ruff, 41. 3738, lOQff; A. Stotk andC. Somiceky, i5., 60. 1739,1917; K. WintRen, 
ill., 62. B, 724,1919; A. .T Besson,Compl. Rent., 112. 530,1891; A. J. Bisson and L. Fournier, 
ib., 161. 1055, 1911; C. Combe/, t6., 122. .531,»1896,* BuU. Soe.. Chim., fS), 7. 242M892. 

* G. S, Sirullas, Ann. Chim. Vhys., (2), 47. 87, 1831 ; Journo Shim. Mii.,'i. 1, 1832; 
J. E. Hbynolds, Chem.^News, 6ft 2J3, 1887; Jmm. Chem. Koc., 61. 690f 1887 ; A. J. Besson, 
Campt. Rend., 112, 631,71)8^1891; A. J. Besson and L. Fournier, ib., 162. 003, 1911 ; 0. Friedel 
and A I,adonbtirg, Liebig's Ann., 146. 187,^897; Com'pt. Rend., 922, 1869;*B«11. Soc. 
CWm.. (2), 12. 92, 1809,* , 

• ‘ V. Friedel, JSuU. Soc. Chim., (2), 16. 244,1871 ; C. Friedel and A. LadenJiprg, Ann. Chim. 
Phys., (5)^19. 404, 1880 ; hebig's Ann., 203. 2f>3, 1880; «. Buff and F. Wohler, ib., 104. 99, 
1857; H.*Mois8ali and A. Holt, Cmnyt. Rend., IK. 78, 1902 ; A. ;J. Besson and L. Fournier, 
>6., 161. 1055, 1910; B. Mahn, Jenaische Zeitflh. 158,1809; Zeit. Chem., (2), 5. 729,1869. 


§ 69. Silicon Iodides 

• » 

J. J. Berzelius said tltot silicon ignited in iodine vap. does not absorb any 
iodine. Itf their study of the action of dryjiydrogen iodidc^on silicon at a temp, 
above a red Heat, H. ljuff and F. Wohler * obtained a product containing hydrogen, 
and they misigned to ij |jlie fontinla Si^HjIy, which <S. Friedel showed to be a mixture 
^f silicon tekaiodidC apd tri-iodosilane, and he prepared silicon totraiodide, tetift* 
lOdosilicoiDiethane, dr !etr^odofflane, Sil 4 , in a fairly pure condition by passing 
the vap. ftf iodine (mtrajnyd in carbon dioxide over nul-hot silicon, and purifying 
the sublimate by (fissolving it in carbon disulphide, shaking it with mercury, and 
diatilling the liqsid in a* stream of carbon dioxide. L. Gattermann used the crude 
siliRoli obtaimM by reducing (juartz sand with magnesium, A. .f. Besson obtained 
silicon tetraiodije mixed with other products by passing silicon chloroiodide, or a 
mjxIUre, of silicon tetraehlorich^ ajid iodim; over heated silicon; and M, Guiehard 
prepared it by pasising iodine vap. over silicon heated under reduced press, to 
bflO”. 0. Huff found the, solid residue obtaineil when tri-iodosilane is heated to 
300° consists chiefly of silicon totraiodide, which can be isolated by sublimation. 

According to G. Friedel, the vap. of silieon tfitraiodide condenses to the solid 
state when cooled to atm. temp., and the compound can be readily crystallized 
from its soln. in carbon di 8 uli)hide. Silieon totraiodide then furnishes dctahedrtil 
crystals belonging to the cubic system, and tlnw are isomorjihous with those of 
carhop tetraiodide. Th(; cfystala,are coloprless or tinged slightly yellow. The 
• va]). density, 19’1‘^, corresponds wit^i 18'5I) calculated f« Sil^. Silicon totraiodide 
melts at 120',9°, and boils at aluAit 290°. According to M. Berthelot, the heat of 
formation is 8icjv8t.-b4Iaoii,i« -Sil 4 ,„ii,i f6'7 Vais., and with the dig*, .33-9' Gals. 
When the compound ij, exposed fo hir, it ac(( 8 ire 8 a colour owing to the .sejiaration 
of iodine ; and water decomposes into siliciiJ atid hydriodie acids. JJl. Berthelqt 
gave 8 i /4 |-2H.p-l-l<tl.^-Si0.i4,dAHljoiu85'7 Gals. When heated in air, the* 
vap. burns with a red flame ^hicji gfves off iodine vap. With bromine, silicon 
totraiodide furnishes sihcoA lyomoiodide > tsnd twhen heated with finely divided 
silver, it forfns hexaibdodisilane. 100 parts of carbon disulphide at 27° oWolve 
220 parts of silicon tettaiodide.* The tetraiodide rc^tits with alcohol with avidity, 
forming not ethyl Bilicate, but silicic and hydriodie ncida. and ethyl ic^ide: 
Sil 4 -|- 2 CjHgO=SiD 2 -f 2 G 2 H 5 Td"^Ifi*; and with eth«- if does form ethyl siheate; 
Sil4-t-4(G2H5)20-=4G.2HsId-Si(OO..Hj;); 

H. Buff and *F. (Wohler,obtained Ipipprd silicoiodoIonn,i, or tri-iodosilane, 
SiHL, by passing hydrogen iodjde over silicon at • red heat. C. Friedel showed 
that the product contained about rf jicf, ceirt. of tri-iodosilane ; and that the yield 
<8 much greater if the hydrbgfcn itfdide be mixed yith hydrogen in its passage over 
the heated silicon., The mixture of cry^fSda of tetraiodosihAi# and liquid tri- 
iodestlano which is foifnerb is separated and the Kqijid* purified by fractional 

a • 4 ' 
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distillation. 0. Buff found that tri-iodo 8 il*ue can bo obtained by the action 
of hydrogen iodide on silicon imide, Sifcll, suspended'in cold carbon disulphide : 
8 iNH+ 4 I^=SiHl 3 +NH 4 l p or more'rejdily by treating in br'iizene soln., tri- 
phenyl 8 ininosilane,.SiH(NHC|,H 5 ) 3 , with JiyAogefl iwlide SiHINHt’aHjjsi 6H1 
=SiHl 34 - 8 CjH 5 NH 2 .HI. .K Mahnsobtayied a ini.xftice of silicon tetraiodide and 
tri-iodosilafle by the Action of iodine on silane, C. Combes could* not make it by 
the action of hydfogen iodidfe (fn copper silicidc. •’Wi-iodoajlane is a eolaurless 
liquid wh|!h C. Friedelfound to have a sp. gr. about 3"3()2 at* 0 “ and^5'314 at 20 “; 
0. Ruff gave 3'286 for the sp.- gr. at 2?^, and 8 ° for th# f.p. Tri-iodosilano 
dSooinposes slowly when heated above 150“, liberating Ifydrogeii, and wliftt is 
probably a volatile silicon hslolTydride. *rhe b.p. is about*220" at 7(iO miji. press., 
and the temp, of the vap. J05°; but on continued boiling the temp, slowly rises 
to 300°, and the j-csidue remaiiung iisthe retort is ipainly silicon tetraiodide. I'he 
tri-iodcsilane can be distilled under reduced jireal at tOt)“siV(l 14 npn. ;.l 11 " and 
22 mm.; 132° and CTwifm.; and at 155° aiuf 125 iA(n. ‘On ex|4lSure to air, tlio 
liquid reacts jjlovdy with o.xygen witli th<> .sepaiation of iodim*, and the for?nation 
of wha* is probably a silicuii, oxy 'mhdc; it is cignbustible in air,*fdWrung water,^ 
siliea, and iodine. The vap., ai^mi.xedwith air, i.s explosive. The liciuid is decom¬ 
posed by water, (prinyig kydriodic acijl and silicofornfic anhydride. The liipiid is 
miscible in all proportions with benzene and carbon disulphide. • 

A. J. Besson 2 found tliat dry hydrogen iodidcj has no action on silicon tetra¬ 
chloride at the ordinary temp., but at a high t'emp., product's {fspartial^sifbstitution 
are obtained; the determining cause of the reaction l)eing*t,la' difference betweerf 
the heats of formation of hydrogen chloride and hydrofjhi iodide, and Vie, partial 
dissociation of the latter at the temp, of the experiment. Ilydmgen iodide, mixed 
with vap. of silicon tetrachloride, is passed somewhat rapidly thnnigh a glass tu^ie 
heated to redness; the product is agitated with mercury to remove free iudyne, 

and when fractionated furnishes a complete series of silicon chloroiodides, 8 iWl„l 4 J„: 

• • 

a sici, siciji sictpi sicii, 811 , * , 

B.p. . ,W“ lir-'U4° 172“ ^ 234“-2:)7'’ 2110 " , 

A. J. Besson also found that the. three chloroiodides arc ]irodiiced when the. vap. of 
iodine nionochloridc is passed over crystallized silicon heated nearly to redness. 
The product is jiurified from free iodine by distillation from copper turnings, and 
fmetionaSy distilled. A. J. Besson and L. Fournier pre|iared the ehloroiodidcs by 
the analogous niifthod einployci^ for the ehlorobromides (i/.v.). In addition to 
the general meth’ods of preparation, silicon tricUoroid&idc, or trichloroiodosilftne, 
SiCb,!, can bo maile by hi'atillg silicon tetrae^Toride with iodine in a sealed tube,^ 
at 2tJ0°-250°. Silicon trichlorotodidc isa coloiirltss liquid whiclNioilsat 113“ 114", 
and does'not iolitlify, even at - 08°. ’It is not affee.ii‘(t by light alone, but when 
exposed to air it becomes brown fyuii* separatitin of iodi^ie, add this change js 
acceleratedjiy light. It fumes ia klie air, is iVcomposed by water, and combines 
• with ammonia to form a white, amorphous ^con dftmihwiadecanuninotpcllloro- 
iodide, 28101)1.ll’NIl 3 , which iswiso decoaiposed by water; it does not form a 
compound with hydrogen phosphjdc, qviiii under pryssfund at a low temp. 

li?^ddition to the general methods of preparation, wlikre the yield is small, 
silicon dichlorodiiodide, or dmilorodiiodosilane, SiOl.J.,, caji be made by saturating 
trichloroiodosilane nith hydrogan jodide, at —and heafiag^the soln. for 24 lirs. 
in a sealed tube at 260°. ’Dithlorodiioflosilant'byils at,l72°, dods not solidify even 
at —60°, and rapidly bifjomes blown, owi^gto separatjori of iodine. It fumes in 
the air, burns witji liberation of iddine^Und Is deconii)osed,by»water; .when dis- 
8 olved,in carbon tetrachloridiy it eoiifbines with ammonia to forilj a white, amor¬ 
phous silieem pentamniinodichlor(>(liiodide, 8 i 6 l. 3 r 2 . 5 NH 3 , which is dccunqsjikid by 
water. • * . *.’*.• . • . * 

There is only^ft small yield of lllcon chloTotriiodide, or chlorotriioloolane, 
SiClIs, by the general methoris of preparation. Chlorotriodo'silane is a coliAriess 
9 m 
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liquid which, on exposure to air, rapidly becomes red, and gives off a coltbustible 
vap. It boils at 234°-237*, and when stfcngly cooled remains in a surfused con¬ 
dition, but when strongly agitated fynShes a white solid which njflts at 2°. 
ChloBotriiodosilano uoqibiins with arflmqnia gas forming a whilje solid. 

A. J. Besson^ obtained a thixturc of 4hc tl|rcc silifion brouisiodides,<SiBrnl 4 -„, 
by several diffefunt methods. • » * 

.• « Slllr? Hint,! SlSr,!,* SlBrfj * SlI, 

B.p. . .* 182° 230°-23r ,256° 290° 

(i) Tribromosilane and iodine were heated in a sealed tube at 200°-250°; the 
inaiif product was the ^ydqtribromide mixed with a small quantity ^ the oth^r tW 
broraoiodides. (ii) Dry hydrogen iodidh and siBeoft tetrabromide vapour at a 
little below re^-heat furnish the tribroijioiodide as thp iiiuin product and a small 
quantity of the other brompiodides. Tt» yield is« small, (jii) Iodine mono¬ 
bromide was passtd^ower cfystqjinp silicon nearly at a red heat and a mixture of 
tlfe three brodtoiodidcs' aiw some silicon tetrabromide' «,nd tetraiodide results. 
The ])rodu^ may be decoloriz(4l t)y fractionation over copii«r Wirnings. The 
•Bcpqration oTthe last two mixed halides by fractional distillation is very dlliicult. 

The first mixed halide* silicon tribrolnoiodide^ or tribromoiodosilane, SiBrjI, 
is comiiarStively easy.* It forms a eolourjqps liquid distilling at«]92°, and it may 
be cooled to«—20“ without solidifying, but the solid melts at 14°. Silicon dibromo- 
diiodide, or dibromodiiodosilane, iSiBi^Is' white solid which melts at about 
38° ami 'dpstils at 231". Sitcon bromotriiodide, or bromotriiodosilane, 
SiBrls, is^a white tiofld melting at, 53“ and distilling at 25.5°. It is difficult to 
sejiarate w from silicon Jetraiodide. The silicon bromoiodides Colour rapidly in 
the air; they absorb dry ammonia gas with the production of white, solid com¬ 
pounds decomisised by water. Silicon tetrabromide in which much iodine has 
beqjfslissolvefl may be used in place of the iodine bromide ; with the tetrachloride, 
nd reaAion occyrs. ' • 

She second member of the hymologous series, Si„l 2 „ 12 , hexaiodosilicoethane, 
of hexaiododisilane, Si 2 le, was made by C. Friedel and A. Ladenburg.'* The 
thmpound was made by Iteating silicon tetraiodide with finely divided silver 
(reduced by zinc from moist silver chloride), in sealed tubes at 290°-3(X)“ for 
several hours. The contents of the tube were freed from unaltered tetraiodide 
by repeated washing with small portions of dry carbon disulphide; a larger 
quantity of hot carbon disulphide was then added, and the mixture filtered tas 
rapidly as possible out of contact with the moisture of the aif. On cooling, the 
soln. deposited small, colourless, jliexagonal {irisms of the hexaiodosilano. The 
«com|)ouiid is of interest since in its jrirmation there Is a Jinking of the silicon atoms 
in pairs: • * * 


tSIji 


.^2Agl+|ij 


3 


Hoxaioijodisilane furnishes celourless,* hexagonal, doubly refracting, prismatic or. 
tabular crystals which can be fused imvacuo, with partial decomposition at 250°. 
It cannot be distilled aUatig. j^rcss.'or in vpcuo, hut on heating, a portion subMmes, 
and the remainder dscomposes into silicon tetraiodide, and oiange-colour(%tttra- 
iodosilcne, Si 2 l 4 . Wlitn hexaiododisilane is treated- with water at 0°, it forms 
hydrated silico-oxali* ticid. It ij converted by bjomine into^ hexabromodisilane ; 
and by mercuric, chloride into hexwjlilorodfsilane. It dissolves in potash-lye with 
the evolution of hydrogen^:’ Sills'|-6K0H==28i0t,-|-2H.20'l-6Kl-f-H2. At 19°, 100 
parts of carbon dkulphide dissolipi 19 parts, and at 27°, 26 parts of hexaiodide. 

As indicated above, whdn hexaiodisilahc is Ijpated, the *pr®*'g6'red Residue 
with 'the ultimate composition Silt is con^ideVed to be tetiaiodosilene, or tetlS* 
dodosiliooethylene, pr tetradodosilicoetWe, Si^Ii. Water decomposes it, forming 
a greyisfi-white mass, probably silico-fornit acid, SiH 202 , sijiqc, when dried in 
vaiprt) and treated" wijth potash-lye, the hydrogef, evolved' corresponds with 
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H.,, and when heated in air it oxidizes to silica 
-‘rk-i ■ ^«‘™o‘losilene is (fccomixtsed by‘potash-lye; SijI^I-BKOH 

+xi^z‘f' 03 -f 2 II 2 O I- 2 H 2 ; and It does'not dissolve in carbon disulphide, 

chloroform, beniene, or silicon tetrachlorble. • . • • 

t . 


, , , , llh^sKi-xic'as. ^ ^ 
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§ §0. Siljiipn Sulphides* 

According to J. J. Berzelius*! silicon ^ISJllphidef SiS.,Js formed wl(en silicon 
is ignited in the vap. of sulphur, or when the suljdiur va)i,d;7liusse(hover sdieon 
at a white, heat; the combination is al(eml.‘d by ineuutle«eenee. I^art of the 
silicon may be protected from the sul[ihur by the spiphide which ft formed. 
1. 0. Rankin and S. M, Kevington's analyses agreed with ,1. .T? Berzelius' view' of 
the nature of the white silicon sulphide. W. llempel and If. von Uaasy eonsiden'd 
that the best way to makr; this 8ul|)hide is to heat to redness an intimate miStlsire 
of amorphous silicon and three times its weight of'sulphui* in ;j erueibft. 'Ihe 
product contains y2-!l,5 per cent, of silicon disnJphidt! which can be isolalell by 
subliniaticfli at Ct) mm. press B. Vigouroux, and A, F. Ifolleinann ami II. ,1. Slij|)er 
prepared the disulphide by a similar proee,ss. (J. L. J. de. Chalmot (d)tained some, 
disulphide by heating over 300' a mixture of one of the copper sulphides and 
sulphur; and H. Moissaii, by the action of lithium silieide on molten sulphur. 
P. Sabatier, and N. D. Costenau mad(! it by passing a current of hydrogen sulphide 
o»er crystalline silicon at a red heat. K. Vigouroux also used this process ; but 
W. llempel and IR von Haivsy olijained jxxi. yields. A. (Jaulier and L. Jlullo))eau 
obtained it by Ifeating metal silieide,s at, l,300'’-^l-t00° m a stream <jf carbo]i disul¬ 
phide; and K. F’remy imsde f)ellets from an^ntiniate mixture of oil, lampl)lack, - 
and silica, and heated tlnmi to rt-dne.ss in a cruciltle. The |iellets*werc then heatt'd 
to, the'liighejt'availabh; temi). in. a jftrcelain tula; yirfiugh which was jiassed a 
slow current of carbon di.sulphide. 'yiie1iiliconftliful))liide eyllecte*! in huig needlaH 
in the cool;^part of the tube -if*nA)i.sture is |<rj‘.sent the product is eonlaininuled 
.with silica. K. Fremy found that if cartion Tie not present aldng with the quartz— 
glass, porcelain, or felspar—there is only a v7ry8m;dl yield of silicon disididiide. In 
any ja.se, W. Hcmpel and H. von lla;is 34 hmnd that t.f^i yicdcFis poor. K. Fremy was 
unaM^o obtain any appreciable ijuantity of the disulphide b/jiassing 1iid]dmr va)). 
over an intimate mixture of'sijica and carbon at a.rcd lieaj. A. (iaiiticr obtained 
some silicon disulplydc by healstig cliina clay t» rcdiuiss m* ^ stream of carbon 
disulphide; and by heatiip! ailica in a'mixtuFb hydgogen sufjihide and carbon 
disulphide. J. I. Fierre’^obtained the disiUjAiido by the action of silicon tetra¬ 
chloride on hydrojren sulphide. After (Ijftilling the first produhl of tins reaction, 
there rjmains a nuxture of silicon disulphide and,8ul])lmr; and t^c latter can be 
removed by distilling oft the sulptfur in a,8tr?am of nitrogeiL W. Hempet and 
H. von Haasy olftained only a popr yield by this prodels; M. Clix and VL Wirbe-* 
lauer also obtain^dsthc disulphide as iRby-product in the dry distillation of silicon 
dichlorosulphide :* 2Si3CI^=8iCl4-f SiSj. R. Amberg, M.'Hafl, W. Ficldiug%nd 
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B. Neumann discussed the formatioft of alicon disulphide in -the action'of ferro- 
silicon on iron sulphide, anil the patt it plays in the desulphurization of iron. 

When free from uncombined silifcpn/th« disulphidfe prepared by if. 4 Berzelius 
was \^ite and eartlty! thrft prepared by sublimation forms whit^ or grey acicular 
crystals.. The Ijeat of-formation obtained by^P. Sabftticr with'oetahedfal sulphur 
was SicryBt +2S-SiS2goii(j+,10;^ Cals. ‘J. J. Ber^eliM fout^that wate*r instantly 
decohiposes silicon Hjsij|jjhide into hydrosulphunc and silicic acidS; in the moist 
air, it gives eft hydrogen sulphide amj is gradually transformed into ^cic acid. 
It can be preserved sealed gla.s8 tubes. P. Sabatier found that decomposition 
af one cq. of silicon dn-iulphide by water gives 38'5 cals, at 9'5°. JC. Frim/ smd 
that matim effmescence is produced when silicon disulphide is projected on water; 
and he emphasized the stability of the ffBulting colloidal abln. of silica. He added 
that the formation of Jiydrqgcu jjulphide at«h soluble silica by tW. action of water 
on silicon*disiilijjii(lc*'ist)f gryt^ological interest since it explains the prodiCtion 
of* silica incrustations and (fte presence of silica in min?rtl waters, and also the 
formation fatural sulphurouif iJaters. Silicon disuljihide Auras to sulphur 
«yioiade and silica when it is heatwl in air. E. Fremy found that it reacts vi^rously 
with nitric acid, forming •Sulidiuric and’silicic aisds; and it reacts at ordinary 
temp, witff alcohol ami with ether. A. Cqjspn found it fb b» inssluble in benzdiic. 
M. Blix amf W. Wii;belaue,r showed that it reacts with liquid ammonia, forming 
silicon diTjinide, Colsoif allowed that mercuric salts in benzene soln. 

^lo not act *n .silicon, disulphide ; powdered mercuric chloride forms silicon tetra¬ 
chloride ; *and merc%ric pyanide gives silicon cyanide. A. C. Vournasos observed 
that nasftnt hydrogen, obtained by heating the suljihi.le with sodium formate 
yields a little silanh. 

• Silicon disulphide, said J. J. Berzelius, unites with potassium sulphide, forming 
a swi^dnde—I'resumably polmsium sulphosilkatc. ; and, according to W. Hempcland 
, If. von*Haa8y,,wluA silicon'suliihide unites with metal sulphides, sulphosilicates, 
oj ifliodlimtes, are formed. The^same salts were found by A. Gautier to be formed 
Ijy the action of sulphur, hydrogen sulphide, or carbon disulphide on some silicates 
at a red heat. These products are usually insoluble in water, and decomposed by 
steam at 2r)0°, forming hydrogen sulphide, the metal hydroxide, and silicic acid. 



l-’ia. 202.—Preezirv; Points of Fia. 203r‘-Kreezing Pomts 
tlia^'oS-SiSi System. of the Ag,8^iS, System. 

• * ' 

When heated, they may alccoippbie into their components. W. Hempel and 
H. von Haasy formed aodiiun sulp^licate, Nas^SiSa, by melting together sodium 
sulphide and silidbn disulphi/fe. ® 'The d^rlqbrbwn mass is decomposed by water, 
forming hydrogen sulphide; aijd all the tesidpe ia dissolved; -the aq. solo, gives 
off no hydrogen sulphide whfen treated wiA acids. L. Cambi prepared a number 
•'of snlpiosilicates iy heatibg tnixtures of fiijcly divided siircon and metals 
in ^ atm. of hydrogen sulphide to 80(5*' or 1000°. The thermal analysis of 
th« PbS-SuS 2 system, Pig. 202, showed the presencf/ of the compounds, namely, 
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}PbS.2S^, 2 PbS. 8 iS 2 ; andSPbS.SiSj. iPbsSjS; is brick-red; the last-mentiHucd 
app^re as brilliant crystals ifiid fust's, accompanied by decoiiinositidn, 
Pb 2 Sfe 4 ,»i 8 ^Wdish,brown, forms larce cryslals 
which fuse^ accoflipanied by decompositimi, at m°- tmd trMead pentasiilpho- 
dlicftto, PbjSiS 5 , is reddish-br#wn, dws not occur in eqhilibrium with the wiln., but 
IS a result of a reactKfn'Iietween |he solid ^onstitueij^sat 748". In the Ag.,S SiS.> 
lystem, Fig. 20^, the compound AAgjS.SiSg only has^itju-rt# been deterinhied" 
DCto-silT6%h6XftSQlphoSiliCftt6, AggSiSg, forming greyisfi-black crystals whiidi imdt 
without decomposition at 960° C. ’Silver ortBosu]phodisili(! 8 to,MgjSuS 7 , mcifiiigst 
75b , was^ prejuretk; and prodiijts richer in silicon disulplpde, up to silver Dieia-' 
sniplxo^C&tei Ag^S.SiS.^, we^c also obtained. 'I’lie colour ot tlieaf rang'd Iroiu 
orange-red to yellow,^.nd they often exldbik evidence ot under-eooied or melaatalde 
forms. J. P. LcWidefl’s study of tlieetystem t'aS J'aSi^b) baf been previously dis- 
cuasetl'^ and for the association ot calcium aluijiii||vin,s>bcaAciI’wAty^iul))ltides, cidc 
ultramarine, and b. Cambi made cs^um solphosilicate; aiui 

W, Hempel and i*. von Haasy, magnesium’suffihosilicate, MgSi!^i*i»y melting 
togethef the components, magnesinin sulphide anduiilieon disulpliide. It is decom*-* 
posed into its componimts by li»at. 1,. rainbi also im(tb‘ piagiiesimn, zinCi and 
meKUry SUlphosMicaies. * W. llemjiiil,and H. von llaasy pre])ared Sii impure 
aluminium sulphosilicate, Al.^tSiS);,, l)y the action of sul^iluir vapour on an 
aluminium silicidc, and by melting aliimioipm sidjdiiile ipid silicon d^ul|)hidc. 
The compound is unstable,; attempts to make fenous sulphdsilicata on similar, 
lines furnished a mi-vture FeSiS;| | 7 Fe 8 . 


Tlie cori’osponitmg orlhonnliihonllicir and, H,SiH,, lunt iittUmulplKiiidific and, KaSiS.,, 
have not been made. t'. Wohler nliluiniHl a kind of palfjHid^ihottdif^ arid, 
whicli was calleil nidplimdicm, by tin' action of sulpinirous acid and a liTtlij hydrochlorio 
acid on calcium silicido. d'ho reddiwli-hroan plates after o.vtractmg llie sniplinr wWi 
carbon disulphido, and drying, furm.shod a liglil lirown ’powder. * mass siftclls of 
hydrogen sulpliide, and hums explosively wiion lieati'd in air; wdli water, hydragen 
Butphide is^ivolved; and with aq. ammonia, it givtfk off hydrogon, forming sihea nnU 
sulphur. , • 


In the preparation ot silicon sulphide by heating ainorplious silicon in a current 
of hydrogen sulphide, 1’, Sabatier - observed in the cold part.s of a tube a large 
quantity of a yellowish-brown substaiiee, eimsisting of a niixliire of the ordinary 
sufphide, SiS^, ani^ silicon. The production and tlie transfereiiee of tin- silienii 
was explained by,su))posing the fofmatioii of a volatile subsulphide at a low temp., 
which at a hiiilicr temp, is ileeompn.sed pito the .siilisul[iliide and silicon, the eljaiige 
being analogous to that ol*he.xae,hloriidi.silaiie ,0 A. I'olson passed the vap. of dry 
carbon,diijulphide,,over silicon him |i(ircelaiii tiiSe at a^wliil,e Ih'iit for aliout an 
hoBr and obtained a yellow volatih' eiHiyioimd w^tli if lonipositiqn corresponding 
with silicon monoSUiphide, SiS, aiid« yeihiwilli subBtttnee,,probal)iy silieoii ox)« 
sqiphide, iSiW. I. (I. Itankin and >1. jM. iti^viil^jlon piso made the moiiosulpliide. 
17. Wiist and A. fk'hiilk'r obtained a substance witff a siiiiilaf com|Bisit-ioii»by the 
actioy of terrosilicon on iron sulplfde in aii*atiq. of^iitrogen ; L. (,'anibi prepared 
the niojjosulphide as a sublimate, wlirtwa mixture >f tulp'li^r and ferrosilicon is 
heatefi^ the electric are furnace ; and W. Heiiqiel and H.,vun Haasjf obtained it 
as a by-product in the prepai^tion of silicon disulphidg. The yellow niono- 
sulphido obtained by F. Wiist' and ^V. Schiillcr, was^iii lia^dle-like crystals, 
Accortling to L. (Iambi, wfien'silicon (in thj ftrici of ferrosilicon) and sulphur arc 
heated together in an electrir-art; fiirnace.ta ^vigorous reaction ^akes place, and 
a grey mass resulta, from which, ty gU'jflimatioA in the electric funiaoc, silicon 
monosuiphidc may be obtainiitl. 'fhe compoi^ntb sublimes at ‘j 4V°-98()° a^ 20 - 
30 mm., and it occurs in two forms, nUmcly, a black solid which may assume a 
vitreous character, and a yellow powder. On reifbbli’inatiou of either {o*n, both 
are produced, th^ fellow one being (Icjiosited in the colder, parts of the tube 

employed. The sp. gr. Is 1’883 at 15°/4°. The yellow sulllhide is less stable tlfan 

• • 
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the black, and it rapidly .absorbs rtioistiye from the air and gives off hydrogen 

*'*'^'rhe*yenow sulphide is dcc^mpbjed b) water with the evolutiop d hydrogen 
sulph’ide'and the fdtmatioh of a white insoluble substance, HjSiaQ^, which yields 
hydtogea when treated wittf alkalies, amhreacfc with «llfeli-lye with the ^volution of 

hydrocen: SiS+ 2 KOH---&(Jg+K 2 Sd-^ 2 : IHblack suljilfido is also decomposed 
by Water with tlie ^ri^atiou of soluble silica and an oxygenated silicon hydride. 
Dry hydrogen chloride was found by Cambi to act on Silicon monoiuiphide at 
240®~26(f, forming ^lydrogeu sulphide, etc.; b^ condensing the products of ^le 
Reaction in a freezing mixture, a liquid consisting ^f trichlorosiknefis produced. 

According to A. Colson, if the contents of tlie tube used in preparing the silicon mono- 
sulphide are further lieated with boiling [fotas^^.-lye to reWve the excess of silicon and 
its sulphur coiupoiuwjs/ and tbef, d'gostod for some,time with warm hydrofluoric acid, a 
groenWn f)owds[;,of the toinpositicn of Si.C.S, silicon sulphocarbide, is obtained ^^when 
heated in a current of oxygoi. tho weight is not altered, but' U.e compound is converted 
into an oxyjrenatod jiroduct, Si.OjOr. 'A. (iolson thus infers that th^janjlDgy of sulphur 
,ipid oxygeifueOs not hold good at high tomp., for CO, yields Si.C.Oj, and Cgj yields 


As indicated above, A. Colson, in pieipariiig silicon nlonoSulphide, obtaftied 
silicon oxy^phide, or silicyl sulphide, 8 iOS. A. Gautier obtained it by passing 
a mixture of hydrogen siilpuifle and “barbon disulphide at a red heat over silica 
and ulumiilium silicate; some silicon disulphide was formed at the same time. 
A. Golsog’found thS yel'ow substa'ncc is decomposed by water with the evolution 
of hydrogen sulphide; dud it dissolves in cold dil. alkali-lye, without giving off 
hydrogen. The cbmppiind was also prepared by I. G. Rankin and S. M. Revington, 
Who also reported sUicun dioxysrd'phide, Si 02 S, but no confirmation or details are 
a,^allable. 

J. 1. Pierre''’ discovered what he called cMvromlphura de silicium and gave an 
analysis corresponding with silicon sulphodichloridc, or silicon dichlorosSlphide, 
SiSCl 2 , but C. Friedid and A- Jiadenburg showed that tlie alleged thiodichloride is 
really silicon trichlorobydrosulphide {q.v.). Silicon dichlorosulpbide was first 
obtained by A. J. Besson, who found tliat the reaction which results in the pro¬ 
duction of silicon tetrachloride and sul])liur from sulphur dichloride and silicon 
at a temp, below redness extends at a higlu'r temp, to the formatioi) of silicon 
thiocldoridc. A current of chlorine sat. with sulphur dichloriclp vap. is led over a 
quantity of crystalline, silicon lieate.d to bright redness in a porcelain tube, the 
silicfui suljihido which rapidly chSkes tho tube being removed from time to time 
’ by allowing the shlorino to pass a'one. The liqgid p'roduet is fractionated from 
excess of sulphur chloride, and is purified from oxychloride by jccrystallization 
from carbon tetrachloride,'anil sjjbseqivnt su'hlimation in a cuirdit' of dry air 
St UX)“. M. Blix air.l \V. Wirbelauer madcr it by passing silicon tricldorohydro- 
sulphide through a glass tube at''a i liill reef-heat—in an apparatuf-'so arranged 
that thfc gases continually circiUate in a closed system—and crystallized the product 
from its soln. in chlqrofornv E/ Lay obtaiig'd thei dichlorosulphide as by¬ 
product iu the. actiov of chlofinc on a mixture of ferrosilicon and sulphur.ySjJicon 
dichlorosulphide is a white solid which furnishes acicular crystals. A. J/Besson 
said its b.p. is 185° nvei its m.]5. 74°; M. Blix aqi' 'W. Wirbelauer gave 75° for the 
m.p., and added that it distils At 92° und"r 22 5 nim.,ure38., and that it is very 
easily decomposed by m(fi 8 turoJor''by distillation at ordinary temp, into silicon 
disuliihide and tetrachlofide. A. ,t. "Besson found that it is unstable in moist 
air, and Veacts viblcUtly with water, forir.ang hydrogen sulphid'.’ and chloride, and 
silicf. M. Blix and W. Witbclar.cr .said that it jeadfs readily with liquid aniiydrons 
ammonia, formingjsilicon (li-lmide, SifllH)^. 

' As indicated aWive, J. I. Pierre made sifiron trichlorohydrosulphidei Si(HS)01s, 
by gassing a mixture of tho vap. of silicon tetrachloride and dry fiydrogcn sulphide 
through a red-hot porcMain tube: SiCl 4 -l-H 2 S=SiCl 3 (F 8 )'H-HCl. He added : 
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The t*st mode, of i)reparatioii ib to pass a cuirent of hydrogen sulphide gas thmud, 
silicon tetrachloride contained m a stoppenll retort, the conducting tube being made u' 
dip just under the surface of the liquid. The retor^ is then connected by lueniiH of a g,„„i 
cork with c*e qnd of a porcelain tube, the'other fad oj which is attached to a U-Bbaped 
tube kept oonst^ply cool. The porcelain tube is then madd rod hot, and as tlio mixlnre 
passes through, a fumteg liquiij rapidly cfndenjcs in the U-t«be. The liquid thui^olitained 
has a pungent, offensi\i| jdour resembling both silicon tetrachloride add hydrogen sul¬ 
phide ; it becomes clear on standing# and is then distilleiVtJso liquid wliich conies layr at 
a temp, between 90° and 100° being kept apart. The prooessa.i fjtfipped ns soon ii.* I ho 
pasty maq^ the retort begins to eviolve white fumes. • 

C.*Fijede\ and A. Ladenburg employed a similar mode otpreparation. Silicon 
tricblorobydrofllpMdc is a colourless fumijig liipiid whieb, ircording'lo .1, J. I’icrri* 
bas a sp. gt. 1-45, and ab.p. oi i.\. \’wtie’a,andFriwVAtmd A*\;,uWn- 
butg’s analyses and vap. density, ry24-5-7'hbetween 155° and UU", agree wdh the 
formula 8HH8)Cll^ for wbiJh the,calculated van 'Icasity «a',5,ti;i. ,1. 1, I'ierrc 
founTOiat in contact witl^water the triidilorohytlrdladpbiditia dccm#|loseil*, .fonniug 
hydrogen sulphide, hyilfochlorie and silicic acjjls^aiul a liltle free sulpliur; mid if 
a mixtjjro ofliytffogeu sulphide and tlie vap. of tlie triehloroh>tl1tftul]>liide if, 
jiassed through a strongly heated pori'clgin tube' a small ipiaiitity of a iii|iii1l is 
formed--possitily the diehlorosidiihidc—which dcciiiiiiiii.sc.B into silicon ijisiilpliide, 
etc.* when distillW. 1!. triedel and l.adenlmrg showed that wijh liioiiiinc, 
the trichlorohydrosulphidc is converted into chlorolironiido; .sodiiini dues not, 
remove the hydrogen; alcohol in cxccsi# iirnis’li^'drogen*lyilpliidc, iiydrogcii 
chloride, and ethyl ,silicate ; and if 3 iiiols. of alcohol are jjif-scnt to line mol of • 
triohlorohydro.sulpliide a liquid—silicon trictlioltyhydrosuJiihi^c, SitOtj^jInIiS- 
boiling at 164°-1G7°, is formed. ‘ • , 

According to M. Blix, silicon sulphodibromide; or silicon dibromosulphide, 
SiSBrjj, is formed by the interaction of silicon tctraliroinide and hjnirpgcn siil|f|ii(ie 
at 150° in the presence of aluminium bromide as catiijyst, The broiiiosiil|#liiilc%s 
separated from the iilichangcd tetrahroniide by fractional ili.'flilhitioii n|^(lcr • 
reduced piess. Silicon dibrnmosiil|diidc, forms colourless plates which can 1»‘ 
recrystallized from carbon diaiil]diiilc. It melts at 'TV', forniiiig a liipinl wliicb 
boils at 150° under IK-.'i mm. jircss The crystals fume in iiioist air. and 

reaet osjilnnioiisnrlifi with water wilh Ihe separalioii of silieie arid and 
the evolution of hydrogen Immiide and sulphide, A solu. of the dibroiiio- 
sulphide jii drv benzene re,acts with drv aiiiiiionia, forming ntlinilhiimrm: 
SiSlhg I- 4 NH 3 ".Si;i(NII ,).3 I ItNU^Br. 

. • 
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( §-61. Siliwn Fhosihates 

F, Myliift and A. Meusscr found,that phoaj)horic acffl at 400° h*. a strong 
conK)sive action on fptartz glasswhile K. Hiittner showed that at ordinary 
*orthophpsphonc acid has Scarcely any aption on glass, but at IW^ISO” the attack 
is marMbd—sdicyl phosphate, and inctaphosphates are _ produced. Phosphorus 
pontoxide can be sublimed in glass v<asel8 without affecting them appreciably. 
W. 8key. E. Lanfei.iand J. Hi|schwald oL’fcrved tin? behaviout of silicg in fused 
spdium^osiffjite, an<t g wcll-l«lown test for silica is based on the sparing sdiffbility 
of silica in that menstruum? Acjor^ting to A. Muller,i pjidSiphoric acid has a slight 
action onf(liMtz at a low temp., and a vigorous action at a'tiigller tenm. when 
' the’quartz is transformed into hydrat cj silica. P. Hautefcuille and P. Margottet 
fused a djied mixturi‘,of*gi;latinoiis silica and metaphosphoric acid, extracted the 
mass with hot water, and so obtained transparent, colourless, isotropic, octalxMral 
crystals. Th(! composition corresponds with Si02.P.^()5, which K. Iluttncr con¬ 
siders to.be that oj gilicyl m^ttlphostliate, SiOlPO^la. The substance so obtained 
• has a sp. gr. 3'1 at? i4“; it scratches glass, and when heated melts to a glass 
which d^ not de\^trify an cooling. 

In their memoir: Sik le polymorphianie du phosphate de silice, P. Hautefcuille 
and P. Margottet shojrcd that when a mixture of hydrated silica and orthophos- 
phorio acid ij gladually heated to 260", about 5 per cent, of silica is dissolved, and 
m^tnijarger propojtion caij be obtained in soln. by gradually heating a mixture 
> of phosphoric acid and silicon tetrathloride. Tlie soln. deposits crystals of silicyl 
phosphate in forms varying with the temp, at which the deposition lakes place. 
A'hoy found that (i) when tlu^ soln. of silica in ortho])ho8phoric acid is allowed to 
cool below 260", it deposits crystals having the appearance of Hattoned discs. 
Similar crystals are obtained when the soln. is mixed with cone, sulphuric acid 
and heated for some time at a temp, somcwliat above the, b.p. of the latter. These 
crystals are hexagonal |)riam8, frecjuently macled m the .same manner as lamellar 
hicmatite. They act strongly on polarized light, and are,, somewhat rapidly 
attacked by water, but do.not alter in contact'with alcohol, (ii) If the temj). of 
the soln. of silica is gradually raisfd from 260° to about .ICO", it deposits an abund- 
’ance of very th* hexagonal lamella), which act feebly on polarized light and 
resemble tridymito in appearance. They are, however, distivguished, from the 
latter by the fact that they yie,'d silver phosphate when fused with silver nitrate. 
These lamellse are not altered by alcohol, b.it are slowly attacked by water with 
formation of orthophosphoric alid,and soluble silica, (iii) If .^e soln. be 
heated'rapidly, it remains limpid up to about 7(X>°, but between 700° and 800° it 
deposits regular octahedra which are almost always modified by cubical,faces. 
This form of silicon, phosphcte is that de.scribjd above. (Iv) When phosphoric 
acid containing only a, small proportion of silica is rapidly heated to about 9(X)°- 
1000°, the crystals obtained are monoclinic prisms <#hieh act strongly on polarized 
light. At a high ‘temp.- these bri^'bs are. more stable than the other forms. If 
orthophosphoric acid sat. 'with silida be slowly heated to 1000°, a mixture of all 
four forms is obtained ; but if the ,temp. is maintained the lamcllte and octahedra 
are quickly attacked? whilst the'prisms cantinue to increase. ' 

The crystais all have the "same compoaitionV The hexagonal crysvals are 
formed below 300*, the Israeli® resembling tridymite at about 360°, the regular 
octahedra between'' 700° and 800°, and tj^cvmonoclinic jxrisms between 800° and 
1000°. This polynrorphism is not due to different groupings of the same crystalline 
elements, for the hexagonal crystals are attacked b'y water, which has no action 
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on tfie Jctahedra or pfisms. Accordinn to H. N. Stores, siJicyJ metaphosphate k 
probably formed when silicopyrophos^oryl chloride^ heated above 2(Kf aiilil 

iTOTa aI TiniiT^linrvl r.WnriHftia nn P r i 
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vap. of pJjosphOTyl chloride is no loii|er.evdved. Hautefcuille hr!her hniinl 
that if a cone;,loin, of orthophosphoric acid confaiiikif aboift om'-qimrter*o{ the 
quantity af silica r«quired loeaturaf* it, ii heated at 1 if/’ for 7 or 8 daa-.s, h deho,si(.s 
wncretionS which sAllally increase in siA'. They are separatedlrom the mother 
iquor by pontlhgUe hot h^uu* on to a preMionsty Icajeji Sm\ ate, 

dri^ by iptposute to d.y air for ^out a week. The spBoriavlSolnile^hua ot.tained 
Mve the composition tetrahydrated siucyl metaphospUate* 

WhAi 8U8pen4ed jn sulphuric acid, they act strongly am polarised light. ’ rnd»r 
the microscope, the concretions are seen* to be formed of concent r^e cmi^ of jiris- 
matic cryatala with^their principal axes^radiating from the centre. The silicyl 
metaphosphate decompose* rapidly «» moist air, aipl dissolves complelelv in water 
at@iy but it is decomposed hy Vatenat thi^oj^nary trtojt,, *11011) separation of 
gelatinous silica. • • *. * *• ♦ 


H. N. Stoiiws prepared a cliloridit eorfes^onding with a secjmd unknown 
silicopl/roptmsphoric aeid, Si()((,).V()„.OH)„, hy heating a mixture of (Thyl tri(•^|lo^^, 
silicate, O.^HjO.SiChj, or etliyl,orthokilu'lite, Si(0('.,llr,)t|, and phosjihoryl chloride 
inaa sealed tubcait UKf • di'SiUs.Ot'.yj)) 21'(K’1;, ^^ISit’lVl 4('2Hr,('ll'Sil’„0|,('l„. 
The product is silicopyiophosphoryl chloride, Sii’.d)|j(l, qr SiO (♦f.l'Ot'i)., (). 
If the ethyl trichlor().silieate befiii excea.s, ijn analagous reaction occiips, hut the 
comjiosition of the silicopyrophosjihoryl chloride isililfereni,, Sili('opnro|ihosphoryl 
chloride is a white, hygroscopic, amorphous* jiowder^ lyldcl* is freclj^ soluble in 
alcohol and water. It loses hyilrocliloric acid when *jiV,contact \vitlr*nioisl air. 
The aq. solu. is turbid owing to the .se|iaration nf gelatinous silica, hut a clear 
aq. soln. can be obtained by adding enough water to Ihe’alcohoJic solii, NeilJier 
the acid nor its salts could lu^ isolated. It decomposes slowly wlfiui warmej to 
2(X)°, and rajudly at a higher temp., forming phos|l1ioryl eWoriiJj'. W'lu% milled 
with phosphorus pentaehloride, and heated Ip I(XI“, silicon tctruclihiridi* and* 
pho8])hnryl chloride are formed. A cold aq. solo, from which the chlorine (tas 
been removed hy silver nitrate in e.\ee,ss yields in orflcr, when aminooia is add(*l, 
silver pyrophosphate, silver orlluqiliosjiliaii', aiul siliiui. 


^ ltl'.KKlIKM'K,s. 

' A. Muller, Jox^u. pmki. ('hnn .11), 95. IS. 1S(1.5; (1), 98 It, ISlUl; ,1. IlirHitiwnlfl, tb., 
(2), 41. 3(10, 189(8; K. Huttner, xSf/ra'k, 41, ,510, 1908; Zx9t. unortj. ('hern., 69. 210. 1IK)8. 
F. Mylhis and A. tfeusser, ili, 44. p2l, It80>, H. N. .S'Sikea, .liner, ('hem. Jonrn., 13, 24'i 1891 ; 
litr., 24. 933, 1801; P. Hauffkuille aiwl P. Miirgnltgt, I'em/t Iteml., 96, 10.52. 1883; 99. 780 
1884; 104. 50, 1887; W. fikey, lV*«a .Viirn, 16. 187, W07 ; t, hauler, Vr.. 11. OiO, 935, 1878 
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Abmzttio, 711 
Abriachanite, 913 • 
AcadUlhte* 729 
Aoadiolit-e, 729 
Acantoido, 684 
Acutato^odalilt<^83* 
Acetyleiio aiul (’() „ 32 
Achirito, 342 
Aclgnatite, 721 ^ 

Adiroite, 741 
Aehtarugile, 717 
Avhtaryndito, 717 
Acido a lu cran', 2 
—' oarbom(|uo, 2 
Aoinito, 390. 913 
" fliromic, 914 
— potasli. 911 
Aotinulite, 391, 40 ."), 42«) 
Actuiolo, 406 
Adamaito. 000 
Adolforsit«\ 738 
Adiffito, 729 
Adularia, 0*2 

-luibit, 070 

Adulariy, 002 
/Kgirin(\ 914 

-•uugitos, 915 

914 

d'4iigmatjt», 391, 8l,ii. si'l 
Aonal acid, 1 • 

■ Kriitito, 022 « 

AfiidiU\ 428 
AfUtradiOrl, 911 
Afwillite, 359. 

Auahndtolito, 498, 819 
Agato, 139 * 

— - inoas, 139 
„ troo, 138b 
«\gluito, 043 
Agnolite, 900 
Agii j|lite, 830 
Air an^Oj, 32 

-fixed, 1 

Akanthikonito, 721 
Akemiamto, 403 
Alalite, 409 

Alavmordo iiaturliclie, 497 \ 
Alavaiidiiia, 910 
Albiu, 368 
Albite, Ai2, 603 

-microcline, 064 

-twinning. 67(t 

Albitic acid. 295 « 
Al«xandrolif4% 805 • 
Algerito, 763 
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•Alll)ll^•. 933 
j .\IiU>. 550 

I VMkali tduinmiuiu mliodoH, 040 
I - gauj<«s.^82 ^ * 

ttl 7 .* 32 ^ • . 

(ouriiniiincst 741 . 7 ll* 

Alk«lii|C oartii silh-Htos. 317 
Alkuhtoa, 587 
^AllAgite *897 
*.\lIanito, 722 * 

; A!!»M“liroito, 521 
I Alloplimio. 490 

(ij'ubno, 497 • 

.bltwandufli^OlO • « 

.Mmaiiduu', 714 . 9 H)# * 

Alnu»i»>ili‘, 880 * ^ 

Alpux, 184 • •• 

u«>ditliio<*arl)i)iif • licid. J 
aj3-ilitliiocarboiin' a«i(l, 119 
a-llnocarbonic acut, 119 ♦ 

I Alaliodib'. 840 

{ Ali>initiit<‘, Ktliri'ouH, -^97 . • 

Almumium aUmiinoxyorllif)!'ihfatr. 158 ^ 
aianiuuiiua hilicoiludrcuttingHtuto, 818 ^ 
calcium aluinmodiortliOHilicata. 097 ^ 

• - - lioiuipontahydialed. 710 
tetrahydratial. 712 
ferric chromium ailicate, 800 
ferrous inangauoae boratosilicalo, 
911 

poiaKHiuin iriiiu'iHodiHiljcate, 740 
tetrahydroniotuHilicate, 707 
uriiiiyl silicate, 883 
^li) barium dmiesotii.Hilicate, 75 | 

incsopentasihcato, 766 * 

-- orthotri^licatc, 751 
))(^y#i\un licxametasllicalo, 804 
I calcium aluinimdivdroxytriortbo 

I sbicat'O, 722 • 

t - diliydroi>onlame 8 odisijicale, 


748* , 

diliydrotriortliosihcafi*, 718 
ilil^iangaiious totrahydru' 

• hex^rthoHilicato, 896 

dimesotrisilictflo, 755. 701 
f^r^ous boratoletnirthc* 
s^egto, 911 • 

4exan)dtfiHili(‘aie, 733 
' iii^nesiumdihydrotriortl.o* 

• Silicatosis 

' • rnangan#iW>orai%leti'oiilHV‘ 

Hilicato, Gdl 

- orthosilicaflb, 715 • 

I ortholrisilieate, 7S5, 73K, 

749 • • * 

» --pentanietaMi]icat>e, 747 

-— t^rarnetasilivate, 729,^10, 

, 
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Aluminium (di) culoium fcriorthodisiliiate, I Aluminium BodiiJn orthosiUcate,hydrated, 
747 • • P 573 


-triorthoailicate, 752 ^ | 

— dicalcium pentamokwi4cat«^73% 

— ferrous trrorttaosiltcato, 910 • 

lithium orthosilica^ef 509 • 

-magnteiura triorthosilicate, 815* 

— manganese tetrahfdwxydimeta- 

flilioato, ^0 •• 

-•- triorthosilicate, 901 

—- pontamotaiijicate, 641 * 

pot^ium <^cium pentaineso- 
disilicat^, 747 t 

-«dihydropentamo8odi8iUcato, 

748 , 

—.- sodium •dihydropeptamesodi* 

9 • silioaA^ 74|f t 

“•-^lythotrisiMca^ 65f • 

-pentamotasilicate, W ^ 

--^^^tetrametaeilicate, 7A 

«— -triorthoailicate, 589, 752 

-strontium dimeac^risilicate, 768 • 

-dihy<|joxyliydrom«eosiiiqftto, 052 

— (limetasilicate ammoniunl, 046 
-lifliiuin, 640 

— (dio^y) calcium diorthosiW^to, 7W ^ 

— dioxymetasilicatf, 465 * 

epidot^ 722 * « 

—• ferroJiytetrelumftiyldioithosilicafo, 909 

— — fluojfticate, 954 « \ 

•— liemitrisilicide? 184 . 

heptaluminylborohydroxytriorthosili- 
cate, 402 

,*-*Jitliium dimesosilicate, 052 

-- hoptit^broiiSorthosilieate, 573 

..<1 -mosotrisilieate, 041, 008 

-orthosilicate, 609 * 

---- hydrated, 573* 

-paratotrasilicate, 041 

-- tetramotaHilioate, 041 

—magnostum alumiuatoithosilicato, 812 

-moHopontasilioate, 820 

-pentalumiiiatorthosilicato, 81.1 

-silicates, 808 

-manganese vanadatosilicate, 830 

-metasilicato, 476 ’ ^ 

-- '/ponoxyorthosilicate, 458 

-octyleluminvthydmxytriorllKisil^'ate, 

402 '* • 

-orthosilicato^ 464 * 

>•— potassium dlmota^^icate, 048* * 

--mosotrisilieate, 006 

-orthosUicatf), 671 

--hydrated, 574 

-silicates, 463 

-— alkali, 640 * • 

-—— hydrated, 487 

-silioide, 183 • 

-silicododecamolybiUte, 871 * 

-sUioododeeatungtItate. 880 . * • 

-silver silicate,‘683 * . ^ 'I 

-sodium arsenitoailicato, 820 • ' 

-^caloiv>*'pulphatotriorthc^iti«ate, 

-olilorctriorthoHilicate, 68^ 

-5-ohromato^icate, 860 * , 

,-- dimetasiliepte, 641^, C44,646 

- 1 hydrometaeilicate, 661 

--hydroxyorihosilicate, 574 

——^-- oiiliosiUoate, CfO 


--ylicomolybdate, 871 

^-- suiphatobrioi^iogUi%te, 684 

-tricarbonatotnorthosilicate, 680 

—I-4ri|ulphotrtorthosilid&te, 687 

-8ulphoailic^y987 • 

-•(ire) lithium • he^iydroxydimeta- 

silicate, ^7, 662 

-•— potassftim trimesoti%iIicate, 665 

-zoisite, 720 

Aluminosilicates, 304 

-- constitution, 311* 

Aluminotriorthosilicates, 605 
Aluminyl (dj) di!lu<^ilicate, 601 

-patassium oryiosilicate, 667 

— •—. sodium orthosilicate, 667^ 

——. aluminiujn (di) magnesium ortho* 
pontasilicato, ^9 
Alurgito, 608 
Aluschlite, 472 
Ainazbn stone, 003 
Arnazoidte, 062, 603 
• Amblystegito, 392 • 

I Amosite, 022 
Amethyst, 138 
Amothyslino, 138 
Amethystzontes, 715 
Amianthus, 422, 425 
Ammonia pectolito, 307 
Ammonium aluminium dimetasilicate, 645 

-silicododecatungstate, 880 

-chabazito, 733 

-- - cuprous tliiocarbonato, 126 

-fluosilicate, 946 

-heptadecaduosilicate, 945 

-hoptailuosilicate, 945 * 

--- heulaudito, 757 
- — (hexa) silicodecatungstate, 882 
-liydrosiiicato, 329 

— mophito, 2 
-metasilicato, 329 

-(octo) i8osilicododeeatuiigs*,ate, 873, 

-silioodocatu’Jgstate, 881 

rctliosilicate, 329 
fwrearbonato, 84 
‘— porl.ydrrptyoarbonate, 85 

— porthio»iarbonato, 131 

-— p’otassium barium ^il^eovanadatodeca- 
• tungstate, 838 • ’ * 

—^ -silicovanadatodeeatungstate, 838 

— I-r— 8iUcovauadatornol^^J>dates, 837 

-scoleoito, 760 * 

-sesquitliiocarbouale, 122 

-fe^icate, 328 

— sjlicates, 317 

-silicododocatungstate, 876 

-silicoY'in^datodecatungstate, 838 

-L^iedvauadatomolybdate, 837 

^“ Btilbite, 760 • 

-(tetra) ffotetrabydrosilicododecatung* 

« 8ta«)o, 873 

-*-silicoUodecamolybdato, 869 

t — thiocorbamate, 132 

-^thioJarbonate, 121 

*—' ultramarine, 689 
Amphibole, 391 ' 

r#-*—a^stos, 426 , 

—— manganese, 807 *' 

-monoo^inVi, 391 
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Amphilwft, rhombic, 3ft I 

-Criclimc* 391 

Amphibolic acid, 822 

Amphig6nejib48 ^ 

Ampliilogite, 607 % • 

Amphodelit*, 693 • 

Amyl orthowlicate, 309* 

-- ultramarine^SftQ * 

Anabolic metabolism 
Analcime^ |^4 

-camea, 752 

ASalcite, 575, 644 
-silver, HS3** ‘ 

— • tiiallo-, 82u 
Analzim, 644 
Anauxito, 495 
Ancmi^e,»477 
Andalusite, 458 
Anderbergjtc, 847 
Andesiue, (>62,4itt3. •.. 

AndradUe, 714, 921 
Andreasbcrgolite, 766 
Andrcolite, 760 
AnAnovisite, 662, 0§5 ' 

AiigaralitC, 922 

AnhydrobisdiphciiyLsihcrtncdiol, 3(KW 

Animals, metabolism, lU 

Annite, 608 

Anomite, OOH 

Anoinitos, 611 

Anorthite, 662, 692, 693 

-baryta, 707 

ferric, 698 

-- hydrated cliloro-, 700 

. potash, 662, 698, 706 

soda, 698 
Btrontffa, 707 

- zinc, 698 

Anorthoclase, 662, 664 
Anorthoso, 664 
Anthite, 726 
Antliochroite, 915 
Anthogranmit-e. 39t) 

Antholite, 396, 917^ 

Antiiophyllite, 39f, 39li 
amphibolic, ?96 
•- blatterigon, 396 

- clinO', 398 
-fefro-*9l6 * 

- •- iron, 942* * 

magneHio-, 916 

-Btrahlig^, 396 

^tithosideritoToo" 

Autiedrite, 751 « 

Antigonite, 422 
AntilJypo, 87 
AntiM|4^/ 392 

Antimony duosihcate, 955 

-fiilicide, 188 

AntophyUit«, 396 
Antrimoiite, 749 
Apheizite, 741 ' 

Aphrodite, 420, 428 
Aplirofliderite, 624 * 

Aplome^921 • 

Apollinaria, 6 
Apophyllite, 368 
Apyrite, 741 
Aquamarine, 803 
Arcticite, 702 


Arctolite, 718 
Araemiite, 836 
Arendahtc, 721 
Aix^bipit^, 

Arfvwlioiute, 41*91, 910 
i.Vrf\vedHoiiilo»916 
Argent dos vliata, 604 i 
Argdo vluqjgcmo, 494 
- - • colloidHie, 4^6 •• 

-• -- savonnetiso. 496 
• sinortique, 496 | 
veritable, 47l>' 

L Arieite, 711*# 

Arktohto, 71S * , 

ArsenatoKOilalite, 583, 826 
.\i>K*iuc peritusiheide,«l88 
Ank‘nit|B{?daKle, ^}<1*H;*6 
A.slK#feifke.*5tf7 , 

Ahlx'Htinon, 425 
Asllbs^ilite, 426 
/Vsbostm?, 426 

aetinolitiL 426 
amphil^le, 426 
t'hrysoKte. 426 
liornbleude. 426 
* pon^eij^m. 42(» * 
.^s<*hen(ieckor, 740 • . 
Aschirito, 342 
AMnrfmle, 247^ 

Aspiisiolite, 811^^ 

Asperohte, 343 
Aspidoliti* 605, 6(W 
Aster hiuniu.s, 428 
AsteriHin, 614 
Ahteroito, 9f5 
Ar»toi‘hito, 916 
Astrite4» 607 

-iiHTOxi'yiiH, 608 

Arttropliyllite, 843 
Ath(*riaHtit<*, 763 
Atmosphere*, primitive, 4 
Anorbachite, 817 
yViigole, 817 
Augite, 390 
AiigitoH, 410 

S gnjne,*9l5 
iroinic, 818 
•titanic, 818 
vtAuwIif. 8l8 
Aurahte,,8H| * 

^ Avttl4o,*i07 
Avasife, 908 
;\^enfiiriiwi^elH[)iirs, 693 
Axinite, 4jl, 911 
- • - J|erro^ 911 
-- man 919 

Azido-ditliiocarhoiiiitiK Id, 134 
Azorito, 857 , 

A/uro Btdlio, 586 ^ 

V*' - * • 

• * * * I* 

l}M»budamt«,9M3 
llabing^niV% 391, 047 * ^ 
ilagrati^itc, 721 \ 

ilaketile, 44d 
ffaltirno{rite,«41|2, 624 * 
ilumlito, 455 * 

Huraiite, 622 • 

l^arbiente, 662, t%9 
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Barium ammonium potasHium BiHcovina* 
datodeoatungHtatc, 898 , 

-calcium metasilkate, 372 

• -chabazito, 733 . * • 

-chloride and mdlaailiealfe, Sol • 

-cliloroehabazitot 73^^ • • • 

-copper silictto, 373 . • 

—pntasbium trimefcaHiUca^, 371 

-dialuminium diilWaaV^iricato, 758 

-meaopentaailicafce, ^66 

..orthotriaili<yto, 761 * 

~—uliboryllium orthosMicate, 382 

-dwilicide, l79 • * , 

-fermuB ortiiosilic&te, 908 

-triferric fcrryl decametabilicaie. 

922 . . • 

-flyosyicato, 91*1 •• • 

hemieilicifl||170 • • • 

-hydroxythiocarbonate, iff) 

lead cijjdum fluoboryi diort-liftrfsili* 
»• ^ cato,»ilb , 

-lithium silicate, 371 * < 

.- manganese metasilkcato, 898 

-rnesodisilicato, 303 • 

-inesotrililicate, 3^4 

-inetasilicute, 368 % ^ • 

--• clilovifb,*!104 * 

-—• _ 8ulphid(i 304 

' -•-kexahydra^d, iiOl * 

.--^noiiohydrated, 38»0 

- - ortliosilicate,* 363 , 

— (penta) potasHiumt octoniotasilicate, 

371 . 

I*" pormonocarbunate, 80 

— perthibcarbpuat#, 131 
-#plagioclase, 707 

— potassium silicododeeatungstaTo, 878 
. silicovaiiadatoeimeatuugKtate, 

838 

-sosquitliiocarbuiiato, 127 

-silicodecatuiigstate, 882 

- siUcododocamoIybdat<% 871 
-silicododecatutigstato, 878 

- • - silioovanadatoenaeatuiigstatCH, 838 
-sodium silicate, 391 

-titanyl moaodwilica^ie, 844 ^ 

It^lbite, 700 

-sulphide and inotosilicato, 364^ 9 

- • (tetra) oetoaluminylheptamotaHilicato. 

734 f 

•••— totrahydrosilioodo(jpcat\iiigstrf»" 

-tetrahydroxythiooarbonute, 12 

-thiocarbonate, 12(7 - 

-titelaotrisilicate, 844 . 

■-titanyl masotrisilicato, ^14 

-ultramarine, 690 * 

Borkevikite, 391, 916 • 

Barsowite, 093 * 

Balylite, 382 
Barysiille, 887 » * 

Baryta anorthite, 7b7 

-diopside, 412 

--felspar, 09^i»<V®* 

—harm'btome,^766 * 

• -labradorite^707 

- mioa, 607 ^ 

•—f- nepjielite, 671 ", 
oligoolase, 707 
Barjs^biotite, 608 • 

iWrytopliiliite, 620 


I Basaltes amus, . 

-crystalUsatus, 909 

^asaltine, 817 
wasler Taufistoin, 909 
Bastite, 392 
Bftftonito, SiM 
Baicholonte, 49^ 

Batra<<iit% 408 ^ 

Baulite, 663 
Bavalile, 623 
Bavonite, 733 
Baveno habit, 070 

-twkming, 07 i ‘ 

Beaconite, 430 
Beaumontit^ 7{f6 
l^baite, 742* 

Beccarite, 867 
Belite, 666 , 

Bemontito, 448, 

Bonitoite, 835 
Bentonite, 496 
Benzehe and COj, 32 
Benzyl ifltram^rmo, 690 
•Benzylsilicic acid, 309 • 

Bergamaskite, 821 
Berggran, 343 
Bergmaimite, 673, 062 
Borgseifo, 472 
Boril feuillote, 458 
Borlaxiito, 624 
Berthierino, 622 
Borthior’s rule, 692 
Bortrandite, 380, 381 
Beryl, 380, 803 
Boryllia loucito, 649 

Beryllium aluminohydroxyorthosihcato, 802 
— (di) bariiun orthosilicato, 582 
— dialuminium hoxametasilicalo, 804 

-dihydroxydisilicato, 381 

-fluosilicato, 952 

-loucito, 803 

- — manganese orthosilicato, 381 
iiiotasilicate, 380 
— orthosilicato, 380^ 

- — hcmiliydratod, 381 

-potassium (Urnetasirtcate, 803 

* ~ -- -^ftih^jto, 382 

-siliiatot?; 380 

-- sflicide, 180 • , ' • » 

- iilicododecatungstat-e, IWff 
sodium hydromosotrisiiicate, 381 
“T -i— silicate, 382 
— sulphosilicaUs 382 
Borzeline, 684 » 

Borzo^t-e, 661 
«j^thio< 2 arbonic acid, 119 
Beustite, 722 
Biharite, 500 « 

Ifildsto^^^^ 

^iolit«,^04, 605, 608* 

-burytc., 61)8 • 

-ti/anileroufi, 609 

Biotna, 693 * 

^BMingite, 432 
Bisbeoite,i841 
Bisilyl, 216 

Bismuth, orthosilicato, 836 
rr*“8iQcido, 189* , 

-thiocarbonate, Izd^ 

BismutoferAto^896 







Wisulfur© (rhydrotenol 04 
Blank-damp, 7 
Blattepzeoli^ 758 
Bloodstone, 130 \ 

Boiler scale. 80 ^ 1 
Bole, 472 \ 

— — of Stolen, 498 
Bolopherite, 915 * • 
Boltonito, 384 
Bono chill# 515 
I%i8dorffito, 811 
Boratosodalito, ii3 • 

Border mica, 012 
Boron silicido, 183 

-ultramarine, 590 * 

Borosilicafos, 447 • 

BotflSlUe, 449 
Botryolite, 449 
Hournonite, 455 
Boweni^, 422 ^ 

Brandisito, 816 
Brauninonakerz, 840 
Hraamstoin Piedmo*itiMci)or,flOH 
Bravaisite, 624, 921 
Bredborgite, 921 
Breislakite, 9 Hi 
Brovioito, 573, 053 
BrowsUmte, 575, 758 
Browsterlm, 502 
Broustorlinito, 502 
Brow.stolin, 502 
Bricks, Dinas, 289 

-Kanister, 2H9 

sand-liiuo, 283 
Britliolite, 835 
Bntliynspof, 751 
Britisli jetnent, 551 
Bi’ocimIos, 620 
Bromatosodalite, 583 
Bromo<*alcium-sodalik'S, 5s3 
Hromolithia-sodalitc, 5S3 
Bromosilicomcthano. 979 
Bfurnusudfflitos, 58 m 
B roinotriiodosjlane,*3S4 
Bronzite, 391), 39 810 

Bruoito, 813 
Brunsirgite, 020 
Bucliolzito. 455 
Biicklahdi^ 724 * 

Buff stone, 46l8 
Bustamito, 391, 897 
liytownito, (jWK, 094 

$ 
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CVoc^ite, 713 
Cadmia, 442 • 

— olTlcinaiis, 442 

Oudmium diainminot]iiocaH:^alo, 128 
— fluosilicate, 951 * ! 

-metasilicate, 441 *, • 

-trihemihy^rated, 442 

-or|ho8Uicate, 440, 444 

-oxyorthosilica^, 444 * 

-potassium ti^terosilicate, 445 

-silicate, 438 

■“ - silioide, 182 • • J 

-silicod(^ecamolybd^te, 8^ 

-silicododecatungstate, J79 
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Cadfnium thio^arbonate, 127 

-ttitramanuo, 690 

-^ino dihydromotasilicate, 445 
4 ifiiia fclapat* ^2, 668 • 

vtesium llu^il!cnte,*9f7 
• -- motasiTi^ate, 335 , * 

* ■■ (oct-o) sihcodcMlecatuHgi'lale, 877 

- - }x*i\‘«ifb 4 iate, 84 t* • ’ 

Calainme, 44i * 

, — electric, 442 
Dalamite, 404 
(.’alcaix'ous giWf 2 * 

'(.’fllcarium spatnnf, 7^0 
Calcioptiligorseito, 825 

4'a1ciuin ahuniniuiu aluniinodu»rlliohilictitc, 
097* 

ali^'dratttd ^710 
t6tralu'dr,l».Rl, 712 • 

» ^ ferric ciironiium silicate, 80 () 
tetrahydronieta4Iiiviit(\ "OH 

- lArmm lead fluoboryl dioHli^itil'^ 

silieato, 8tM> 

“ ni^tnMli<*ato, 372 « 

t;ar))onat(MliorthoHili<'ate,J105 

- rarlKmatoflulplMVtometaHilieate, 305 
ccriaifT plu>K|^if^tosilicatc, 8*41) 

Hilicozirc^ijolimlalat^, 859 
|•lllor(nnetnM^l^^ye, 304 
(:lilorortljt)sOicafo, 304 • 

copper nic4.a»iisilica^(\ 372 

- ' (di)* diaimnmiuiil peutainetasilicate, 

739 • . 

- - load triinotasilicat®, 888 

- m^ignesjiim mlicate, 403 ^ 
zinc <»rMiomsili<avte, 414 

<li,luminatoin(5taKilicat.4*. 72H ^ 

- <lialu]nniiviin alunimohydroxyt noi'tlio- 

silicate, 722 • 

- (lihjdropentaineKodisilicHle, 718 

- - diliydrotriorthnsilicato, 718 

- diinoHotriKilicak, 765, 759, 761 

ferrous boratoktrorthowiiicate, 
911 

• - liexarnetaMilicate, 733 

ini^nganouK borut ot >'( ro itliosili- 

• cute, 911 

orlliuHilicafe, 715 • 

orlliotrisiliei^, 735, 738, 749 

- pen^amotttsilicato, 747 

»• t^ramotahilioijU\729, 730, 739 
• - tnortlio^iHheato, 747 

• ■ triortliosilicato, 752 

dialtftinomotaiiUcato, 691 
(lialhimnorthoHilicato, 692 * • 

• duJiimino:jyidiortli 08 ili«’ato {diliy- 

•■afod), 713 

- dialuminylorthotrisilicatu, 752 

- dib^ffylinetaililieate, 448 
dichromic ti%r||ho8iljcate, 86(k 

1 * .dnc^Tic ^lummt^liydroxytriort'hosili- 
• tAto, 722 

I —-tetrarthotitai^atoailicato, 840 

• triorthosi{icA^(21 ^ 

--- diferftms aluminohydroxydiortho* 

I •sili^ato, 919 • ^ 

— dihydroc^boryldi^rthosilicato, 449 
- (liRyd/otetralun^yldiorthcMilicato, 

709 

- - dihydrotrioMtasnicato, 363 
d^ydrotrionhosilicale, 363 ^ 
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Calcium diliydroxyalumimu|p triorthcfeili- 
cate, 764 * 

-dihydroiymetasilioate, 358 t , 

-dihydroxytetra^umim^^ trtertlutiilU 

cate, 717 • , * 

-(lih^roxytbioQarV>onatet i20 • 

",-dihydratod, 120 • 

—• Aniauganiu aluniino^jytrSlytriortho- 
silicate, 708 * * * • 

— (limangafiaus dialuminium tetraliydrf* 
hoxortho8ilicaf>|^890 
-- dioxyaluminium diortliesilicato, 713 

- disiWcide, 170 • 

ditritasilicfdo, 177 

ferric garnet, 921 # 

• • forrodiboryldiorftigsilicato, 450 

• • fo*To<is altfinidiu^ fhaiiganei^buruto- 

' fliliUte, 911 * #* 

- metasilicate, 915 
. - oftfcoijilicate, 908 

«-phospliatosilicates, 820 

- nuocolumbatosilicate, 829 

- fluosifeate, 951 * * 

harmotiine, 700 
hexahydroxythioearbonato, 125 

- hydt«xycolumba^ailicate,^89 • • 

- hy<lroxjfthiocart)QTiate, 115 

load Bulpbatohy^rOsilicate, 890 • 
lithii^ metasilioato,*300 
- - -- orthosilic|ite, 30# 

• magnesium dialuminium dihydrotn- 
ortbesilicate, 718 
- dihJdro-ortho<U8ilieatc, 42(i 
i-<]jimetasilic|te, 410 • 

• ennealUminoxyalumiuotrisilicatc, 
" 810 . 

- - orthosilicate, 408 

- trihydrohoxaUimifioxyalumino- 

triurthomlicate, 817 
-- manganese metosiUcato, 897 

-ortliodisilieato, 895 

- ... orthoaihcatos, 894 

-manganous ferrous motasilicafo, 917 

-- - inoBodisilicato, 347 

--dihydrated, 301 , 

-jnesotitanuHilicate, 841 

- - ntesotrisihcata hydrated, 303 

-metasilioate, A?, 363 f 

-dihydratod, 359 • 

- -}iernihyrlmte<l, 359 ^ f 

... liemipentaliy^rated, 300 

- - --hemitrihydratod, 359 

-c" bydrated, 3l{8 ^ ' 

-*.monoljydrated, 369, 301 

~-pontitahydraUd, 3^00 ^ ' 

-monosilicide, ^ 

-nitratosfiicododoc'atungstuto, 877 

-ortliodisilieato, 304* , 

-orihosilicate, 341 St»l 

--— a-, 352 ** ' 

..362 » 

- 

-^y-, . 

--monohydraied, 358 * 

-•-trihydratod, 369 , 

-oxyorthosilicate, 351 ^ 

-pawetrisitioate, 347, 350 * * 

-(penta) dima^^iiraiurn silicate, 404 

- potassium Utrofluoliexameta- 

sijicate, 369 , 


Calcium phosphatosilicate, 364 


potassium aluminium, 
cate, 746 ^ 


liimesodiBiJi. 


dialuminiui{i pentama^odisilicate 

M47 ^ 

- r — hydrotiAetasiUcate, 369 

-slsqifisiiicate, 34^ * 

--silicate hydrated, 358 

-silicide, 178 

-silicocyanamide, 178 

-silicocyanide, 17& 

-silicodacatungstate, 882 

-silicododecamolybdate, 870 

--— 8UicostAnnate,4^83 

|ilicoair^onate^, 856 •, 

•-- sodium aluminium sulphatotfffrtho- 

siKcate, 584 

-fluozirconat^iljjj|te, 867 

-hydrotrimetosilicate, 301 

- ,— manganese hydrotrimetasilicate. 

• 900 

^ ^ _ pent«.mq^iasilipate, 366 • 

-potassium trimetasilicate, 372 

-titanium orthosilicate, 844 

- ..zirconatosilicate, 858 

--titanosilicate, 843 

... trihydroxyzireonntometasilioate, 

856 

--zirconatomotosilicate, 858 

-- zirconium chlorotrimesotrisili- 

cate, 857 

- -chlorotriorthosilicate, 867 

-columbatosilicate, 868 

- -- sulphatocarbonatometasilicate, 366 
- sulphosilicate, 987 S. 

- (totra) hexaplumbic dihydroxy tri¬ 
orthosilicate, 888 

- - - tetrahydrometatrisilicate, 363 

-totrahydrosilicododecatungstate, 877 

-totrahydroxyperthiocarbonate. 131 

tetrahydroxythioearbonate. 125 
--— docahydrat«<{, 120 * • 

- - - - heptahydrafed, 126 

• wtreropentasilicatof 365 
1 —j; tetrahydrated, 366 

--- triffydrated, 365 

- t/itSnyl orthosilicate, 840 
f —^tri) ferrous totrametliBi^iftate, 306 r 
-magnesium orthosilicate, 409 

- * - trimagnesium silicate, 404 

— (fripentitaailioate, 360 •• 

-trisilicodialuminiifp, 186 

-V'isUicotetraluminide, 186 

-altramarino, 689 

— rtramyl aluminium silicate, 8SSi^, 

--orthodisilicHte, 883 

Calciiun-^jalfvos, 583 
CalderSS, 921 
/Jalifornite. 7^" * 

Calyptolite, 867, 

Cam^'^ilite, 45 Ir 
^naanite, 409 
(janbyite^OOS 
^antfrinite, 680 

-lime, 682 

C%i>orcianite, 738 
^— soda, 740 . 

Carbon ace^yl^ne^isulphido, 113 
-carbonyl ^lisulphide, 113 







Carbon dioxide action^ elletric sparks, 

-heat, 61 

-- light, 61 ^ 

•-- n^iurn radiations, 65 

-sileiitfdiBcliargo, 63 

- & a solveitt, 59 1 • 

-aSsimUation^y^lants, 12 

—-decomposition, 61 • • 

.- formation, 15 

—► history, 1 * 

hydrates, 50 

I--,«inea-, 51 

..nom*-, 50 

-hoxa-, 51 

~ ' - octo-, * « 

- patural^-aters, 6. 51 
* occlusion in Johdj', 57 

occurrence, 2 _ * 

--- origin, atmoMiUjcrii*, 4 
- - phyiBWo^cal action, 7 
-- - preparation, 15 

-proix'riies, cliemical, t 

-physical, 11^ 

—- solubility, 4'f 
- — uses, 75 

- - - di|H>ntita8ulpliide, 87 

■ (iisulpliide, 87, 95 
- — and CO.^, 32 

- • lurttor\’, 94 

- occurrence, 91 

- physiological action, 116 

- .preparation, 94 

- - — properties, <*liemicHl, ItK) 

- -physical, 98 

- - - purification, 94 

-reactions, 116 

. - - 116 
-- (lisulphohexabroinide, 89 

-disulphototrabroinlde. 110 

(htitrasulphide, 87, 88 

-ethylene disulphide, 113 

-hydrosulphide, 111 

hydiosulphotjjsulphonato, 92 

-inonoRulphidc\| 87, 89 

.(piodrantoHylphide, 87 

- .Hesquisulphide, 87 

- bilicides, 186 

-sulphicjes, 87 

-tPotritasulQliido, 87 

^— trihoAiAulphido, 87, 89 
tlarbonates, 72 
C'arboDatonjijrialite, 764 
• t.’arbonatomoionite, 764 
Carbonic acid. 2, >2, 119 
Car\^nc}e, 740 
Carbunculus, 714 
Caftisil©, 843 
CarUbml twinning. 670 
Camat, 472 
Carnatite, 693 • 

Carnegieite, 570, 695* 
Cameigietite, 662 
Caraelian, 139 
Corootite, 835 
CarolAhino, 497 * 

Carpholite, 900 
CarphostiUbite, 7^9 

Carpolite, 473 • 

Caryopilite, 807 • 

Cassenite, 663 
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62 t Cas^ellite, 831 
Cosuellite, 605 
Catnphorite, 821 
f atapleiile, |5r( 
iC’ataspiUTe, 619, 8U ' 
ieCal-gold, 
i'atUkimte, 4512 , 

Cat’s eye, 913 
Cat-silver, 60+ s • * 

Cavolinite, 5tl9. 585 
fobollite, 754 
Ceilmite, 426 
Coirtdonite, 920 
(’elite, 550 

|AV‘lsinn, 662, 698. 706 
Cement, 553 • 

llitish,*5r)4,^ , 

- •clwko*. o54i 
Parkers. 554 

- * ^ortlanil, 554 
Kvnuui, 554 

Ceutraila!isite*362 
Ceramic art, 513 • 

Coraaite, 80^ 

Cor-hornilite, 451 ^ 

^M'ium <uih»ium pliospliatosilicatr, 835 
• wilicozifciltqf antalat e,^r>9 

- llu<»HilicaU', 

- •silicate, iOW • 
hilieido, 

- ailicndodocatuiigsiifte, 880 

-- soduim pho«|)hatoaiUcato. 835 

CerOite, 423 ^ 

(,'luibasin, 729 
Clia))asite, *29 

■ Sliver, 683 
CliabaJite, 575 

- — ammonium, 733 

- - barium, 733 

- - miignoHium, 733 
natron, 734 

- potassium, 7513 

- Kodium, 733 

-- -tlmllo-, 826 
Clmh-edony, 139 
Oiak’odite, 624 
Clialcolainprib*. 829 
(9»ilcomorr)bite, 362 
Oliahttte, 709 
('balk, J^''roacff, 430 
('liflfcxisite, 623 ^ 

(Oianiosito, 622 
^'bapinajii^, 836 
Cbaroneja aerobes, e 
^’h^on's sowers, (i 

ChelmBfi^ike, 763 
Ctiert, 14* • 

Cbosterlite, 663 , 

(Oiiastotite, 458^ 

Ckinapl^ne, 515 • 

- !’• 

• . — rCMik, 467 

ij • ironstoifc, 615 j 

Cliinllblobarcite, 883 
Chia<kfite, 392 
LchH>ra«tr<jlite, 718 
^Chlor%tos(idtflite, 58? 

Chlorite, 021 
— fomiginouse, 634 
-iron, 624 \ 
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Chlorite mica, A22 

-spar, 620 

-talc, 622 

Chlorites, 602 • 

—— iJlolitic, 625 • \ 

-constitution, 624 < 

-marjfaritic, ifc25* • 

— pWogopitic, 625 

- Mfiite, 022 «, ,, 

Chloritis, 621 , * 

Ohloritito, a*, 624 . * 

Chloritoid, 620 f *• 

O'lf!oro.anorthite*(iiyilrate4), ^00 
Ciiloroclin/azite.^bariuih, 722 

— - sodium, 732 
tUiloroforrn and CO 
(/’hlorornarinlito, 764^ , 

Ohloronfrlotie, 

Chforomelanito, 0*1 
(.'hloropal, 006 
Cyorophancrr®, 1 i) 

•Chlo!t)phylI, 12 
(’hlorophyllito, 811 , 

Cldoropito, (R4 
Chloroplasts, f2 
ChlorosUicomethario, 076 
ClilorotribAniosilane, 1)80* 
yhlorotriiodida, 083 
Chocolate stjpne, 890 % 

Choke-dam^ 7 ^ 

Chondrodito, 812 • • 

Cliristiaiiite, (>U3, 720 
(diA^nmtosodalif e, %66 
ChMMTfttosodaiifes, 583 
dl;hres. 865 i 
*lUirowo-diopslde, 4l0 

— ♦ tourmalinoH, 742 
I'hromic-acrnito, 914 
Chromic aiigites, 818 

• - diopHide, 881 

- — chloraquotetramininoniiuHilioalc, 956 
• - chloro[>ontamminofluo8itieato, 956 

-purpureofluosilicato, 966 

-- roHoofluosilicato, 956 
sodium dimotasilicato. 014 
Cliromium (di) calcium triorthoSiljcatc',|S6() 

— .r— liexahydrotriorthosilicute, 865 

— inagno8iur%triortho8ilicato, 8#5 
'■ disilicide, 191 * * 

-ditritasilioide, 191 ' t , 

— ferric aluminiiAn oaloium silicaflf ', JHI6 
---- fluosilicato, 956 

-heraiHilicide, 191 ^ < t 

-hepiiirisilicide, 189* 

,-silicododecamolybdato, 871 ' 

— ■' silioododocatungstato* 88V 
" — thiocarbonate, 1281 

— •-tritasiliciae, 191 , 

Chromocyolito, 368 ^ 

Cliromooyclitos, 370 ^ • 

Chroraodisilicio (di) aidd, 86.T , 
(Jhromophores, 592 
Chiysocolla, 342 * 

Chrysolite, 385 ^ » 

Chrysophane, 810 • 

Chryso^hrase earth, 033 
Chrysopras earth,' 024 ® 

Chrysopra^, 139 * 

Chrysotiio, 422, 426 
CbrjiiStylio acid, 296 


Iciment electrique, 559 

-fondu, 669 

i — noir, 6^9 
Simolian earth, 496 
Cimolite, 495 
Cin|rary uni8j|512 
Cinnamon-stone, l\f 
Ciplytef83i ♦ 

Citrine, 138 
Clay, colloidal, 48? 

-edible, 471 

— Kambara, 496 

-plartici^y, 486 * 

-properties, chemical, 491 

....-physical, ^76 

- •«- {see n /90 china clay)« 

— sabstance, 473* 

-- true, 472 « 

Clayite, 467, 470 
Clays, 467 
-flint, 477 

- tallow, 442 

Cloavelan^te, 6^)3 
Wltngmanite, 707 * 

Clinoanthophyllite, 398 
(Jlinochlero, 621, 622 
Clmoddrite (clinohedrite), 443, 445 
Clfnoenstatilo, 396 
(’iinoliumito, 813 
Clinoptilolito, 748 
Clinozoisite, 722 

Clintonito, 816 
(lintonitca, 602 
Cluthnlito, 645 

Cobalt amminomtdasiJicaU', f»22 

- disilicide, 208 
-ditritasilioide, 209 

- --lluosilicato, 967 
-homisilicide, 208 

-boxamminotliiocarbonato, 128 

- • motasilicatc, 932 

- monosilicide, 208 
-ortliosilioate. 932 

-- - silicate, 931 t 

• - silicododecatuiigstato^ 881 

'' thiocarbonate, 129 

•.— #inn\inos, 129 

trisiliciddl 209 , 

- - orthosilicate, 933 • • • 

Clijri)altiB bromopentamminoflufesflicate, Utfs 

bromopuriiuroofluosilicate. 968 

— #hloraquotetramininofiuo|ijjcate, 968 
.- chluro{>entamminoflii 08 ilicate, 957 

- — chloropurpureofluostticate, 957 
-ohJarotetrainminotetrerosiJicate, 

cb(orotriamminotetrerosilicate,^32 

— hexamminofluosilicato, 957 

— — luteofluQ^iiljcate, 957 

- niligMi^ntamrmnofluosilioate, 957 

-tetramminodiaquefiuosilicate, 958 

- tetramififhotet^drosiiicatohydroxide, 

932 ' 

«,-tatrammindtriteroBilicatoroetasUicate, 

r r 932 • 

-t^treremlioate, 932 * • 

—*- xanthofluosilicate, 957 
Coocolite, 409 * • 

Cpr^letiifi, 586 * 0 ^ 

Cceulenm montanum, 34^ 

Colerainite, 6l2 t * 
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CoUojdaftlay, 477 
Collyrite, 497 
CoUyrium, 497 
Colophoni<!^ 

Comarite, 931 ^ 

Comptonit^, 709, 74? 

Conarite, 9J1 
Confolensit«, 49^1* • 

Connarite, 931 
Cookoiiei 407 

^pper aluminoBilioate, 344 
-•amnunox^^iiocnrlKMiale, ll’.") 

- bariuni silicate, 373 « ♦ 

— - calcium inotadiinotasilicatc, 37 

diarnminodiBilicH4(*. -Ill • 

- - diho^titiVBiIi<|ide, 172 • 

• <i*4n>^>ditjvsilicide, t72 

ditntaHilicido. 172 ^ • 

•-lieinisilicide, 172 

- liemitriHiflWiH 172 

nfttnsilicate, diliydmlcd. 313 
plioaphatoHuosilicalo, 930 ^ 

• platinum sihcido, 213* 

• • silicates, 340 * 

- •' silicide, 170 

- strontium siln ate, 373 
totrasilicide, 171, 172 

-totritasilicide, 17! 

tliio( arbanmte. 132 
tiisilicide, 172 
Cordionte, 809 
H-, 809 
f}., 809 

('orncus crystalloNjil us, 821 

- 821 

- solidus, 821 
Cornish stone, 407 
Cornuito, 342 
Conmdelito, 708 
Conindopliilite. 02;{ 

Conmilmn, matrix of, 093 
Cosmochlore, 805 
(^smochramito, 81^ 

Cossaite, 007 • 

Cossyrite, H30 , 

t'ottaito, 063 
('ottoii'Stone, 751 
Couphoiito, J17 
(..'ousemmko, 70^ • 
ftaio de lifiatifon, 430 
(Jrostraoreite, 359 
Creta Hrian^gma. 429 
, -— cimolia, 490 

-- fullonia, 490 • 

—-^ispauioa, 429 
— Sartoria, 429 
(.'riABbalito, 139 

-a-, 240 

-analyses, 242 

---f, 240 • 

-preparation. 237* 

Crocalitn, 673, 063 
Crocidolite, 913 
Cronstedtite, 023 
CrossitI, 913 * 

Cross-stone, 468 
Crucilite, 909 * 

Cryophillite, 607 
Cryptohalite, 946 
Ciyptolin, 662 
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Crjiptoi>ertliites. 063 
Cryptotile, 6Tl, 605 
Cryptotite, 812 
^'r|?tal glass, 622 
K'rj'stullizalioli, maltiple, 612 
' CuN re hyio'ifsiliceux, 343 
•Culsageoite, 008 . • 

CummingHigto. 391^717 
Cupric aininyiofa^tAilicate, 341 
^ carbonatosUicatos, 343* 
diainininomet^wlicato, 341 
i.iihydi‘0-^)rtllbsfcicftte„342 
(lioxvtliioc»4bonate, 124 , 

tIuoHilicate, 949 • 

- hoxalndrated, 949 
* totrali>(lrffled, 950 
ii#tiisilwat<'f 7^1 • 

• l^nnitf><lrat(‘d|84l 

^ liydraied, 312 

* monohydrated, 

oiydilliiocarbonate, l24 
'^ilicodoiiiM’atungstatc, S77 

sodium silici#-e. 341 
tlnooarlmnate. 124 ^ 

Cuprosic Hulpliotritbi'»carlH)nat«', 125 
^i<^|)rosil»’ini. 170^ ^ • 

Cuprous ammoiiiuni tkiocarb^nale, 125 
- tluosilicate, ifilTl 
-*orllioHilif’n4<\ 1 \ 

j>otnHsiuril (iK^ano^iiocarlronale, 124 
, (}iio4‘«irltonn1e, 125 
tbiocarbona^*, 124 ^ • 

Cvanitc, 458 
Cyanogen lyid Ct)^, 32 
(‘yanolito, 302 * « 

Cyanoy'icliilc, 314 
('\anus, 580 

Cvclolioxa.siJtrioxriii', 233 
(!}f!opcito. 910 
Cyrlopitc, 093, ttlO 
Cypnne, 720 
Cyrtolilo, 840 


It 

• * 

Daniourite, 0(M- 

:)S2 •. 

Dimburito, 

Daunouiorife, 391, 917 ^ 
|)afftr*<», 741 s 
J)np\|uite, 023 
J>athMit$M49 ’ • 

I)ntolite^4 49 
T>at#)itieiU'id, 29^1, 419 

DavidsoiiV'.^*^*^ 

Duvina, 509 * 

Davyn, 509 • 

i)avyne,*580, 58^ ^ 
iM’abAmosiligpbulan*^ 981 
Dolabiomotoirasilfliie, 981 

^(^ahydrodeiyisiloctoxajic. 232 
Detor|tion, on-glaze, 

-undeNglate, 5^4 

OeoeWe, 747 
d)o^r5ite, ^08 
Uelan£*ite,*oJ3 
Delsnouite, 498 
I Delessite, 024 
I •Delphinite, 721 



Demantoid, 021 
Deinidoffit«,<®44 
Demidovite, 344 
Derma^ne, 423 « 

Desmine^ 675, 758 * 

Doutorosilkic aci(^, 3PB 
De^yalquite, 836 
Deweylfte, 423 
Diabantachronnyii, 623* 

Diabaniite, 62^ 

J)iacla»it«, 302 
Uiagonite, 768 * 

Diallago, ^8 

• -indtaTloido, 391 

-.vari6t6 vorto, 822^ 

-verte, 392 , • 

iJialumiaiufn caipiuift (ffmft8ot)tj8ilic^,^769 
l>itllumiiiodisilici#%('i(J, 474* #* 

Diana’s earth, 471 » 

Diastatite, 82<l* • 
iii^ilttofnacoous oartlt, 2S!) 

• Diatomite, 142 

Dibromodicldorosilanc, 
Dibromodiiod^isilane, 984 
Dibromosilane, 979 • 

DibrotnosUkomothaiio, ^7^ 
Dichlorodiiod^silano, flHil* 
ftichlorosilano, 960, 97U • 
Dichlorosil^methano, y7U** 

Dichroite, SU8 • ' 

fJidjumolite, 767 
Didrimiio, 607 

4ii^nutmi ilyosili(-ato,i)r>4 < 

• -rilieate, 826 • 

Didyroolite, 767 

Wethyl aa*ditlnocarl)Oiiat<*. 126 

-^-thiocarbonato, 120 • 

-— thiocarbonate, 120 
Dillnite, 473 
Diogenito, 392 
Diopnido, 390, 409 

-baryta, 412 

-chrome, 410 

-chromic, 818 

-sj^ntia, 412 

M^opsidfls, 410 
Dioptoso, 342 
Diphanite, 709 
Diphenylsiliooe^liyl^iio, 220 
Dipyro, 763 • 

Diailane, 216, 222 
Dirilanio acid, 216 

• Diailond, 216 

• Disilenyl, 216 
Disilioano, 222 
Disiloxane, 233 
Disilyl, 216 
DUterrito, 810 

• Diathene, 468 ,* 

-manganese, 836 

Dithiooarbonio aoi^l 19 • 

IHthio!oarb0nio.«^f 11^ ^ 

Ditbiolthionoarboaio acid, 120 * 
Ditlu^liionoarboAic acid, 1)9 ^ 

Dixenito, 835 • « ^ 

l)eoaohlon)8ilicobutanl, 960, 973 
Deoaohlorotetraai!ane,^960, 973 
I>eoa9hloroietra8iioxane, 9^ 

, Dodeoaohl^rootosiloxane, $75 


bodocaohloropentasilalie, 960, 973 
Dodecachioroeilicopentane, 960, 973 

B prorite, 729* 
oucil, 676 
Uravite, 741 
* Drvlwhite s6ow. 46’3 


Dudleyite, 608 • i 

J)uma8ifo, 924* 
Dumortierite, 462 ^ 
Dunite, ^86 
Dynamite, 289 
Dyssnite, 898 
•Dyssyntrfcita^ 619 


Eakleite, 360 • ^ 

Earth chrysopras, 624 
— - ciraolian, 496 
—— Dj^na’s, 471 
*---- diatgmaceons, 142 

-fuller’s, 498 , , 

- Lemnian, 471 

--porcelain, 472 

porcellana, 472 

-sinopisian, 472 

Earthenware, 514 
IjJchellito, 717 
Ecume de inor, 427 
Kdelite, 718 
Edenito, 391, 821 
Edingtonito, 575, 761 
Egeran, 726 
Eggonite, 442 
Egyptian blue. 373 
Ehrenbergite, 495 
Eisenamiantb, 240 
Eisenkiosel, 138 
Eisonschefferitc, 396 
Eisenwtoin Dlau, 913 
Eisonsteinmark, 473 
Eisoutalk, 431 
Kkol>ergiU>, 762 
h^kmarltte, 624 
EJtropito, 918 
Elfieolite, 5^9 • 
Elbaite,'W2 
EWtrio calamine, 442 
^huydrite, 497 
ElpWito, 865 
l^mefaW, 803 
Kmerylite, 708 
Endeiohte, 830 
Engelhf rdite, 857 
Eaophke, 423 
Enstatite, 390, 391, 40b 
Kpiclilqrit^«624 
Epides9i|^d» 759 
Ji^ididymite, * 

Epidote, 723 * 

-al6mimum^*722 

'-fron, 722 

- magnesia, 722 

-man^nese, 768 

~— mangan^seif^re, 768 
Epjdypd^* 360 * 

K^lgenite, 894 \ 

EpiQatrolite^654 
Epiphanite, o2 • * 
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biUi, 575, 760 ‘ 

EpMite, 838 

®*^^'*^8i^o<iodecatungstate,^80 

Erdmaimite, 45^ ‘ 

Erikito, 

Erinite, 498 
Erionite, 768 * 

Errite, 896 * 

Erabyite.f63 
J^thrite, 663 
EaclTerit^, 721 ^ ^ 

Esmarkite, 449, 811 
Essonite, 715 

Ethane and CO^, 32 t • 

Ether a^dCOj, 3U • 

Etfliiyorthodisilicatethoxrt), 31vy 
EtJiyl ammonium (totr^,»mpta8ilie«Ui, 

-rhloro*j8-thio<arbonute, 120 

—ijjetasili/Wlp, ^^09 
-orthosihoato. 309. 072 

- • - orthothiocarbonate, 119 , 

« - silicic acid, ^j^OO ^ • 

-silicon (di) dichloride, 309 

-oxide, 309 

-(tri) acetate, 309 

-— hydroxide, 309 

- --trichloride, 309 

-tliiolcarbamate, 132 

thioncarbamato, 132 

- - -trithiocarbonate, 120 
— ultramarine, 590 

Etruscan ware, 513 
Euchlorito, ft08 
Kuclaso, 802 
Eucolito,^55, 857 

-*titanito, 840 

Kiicryptite, 660 
Emlialyto, 855, 857 
Eudidyraite, 380, 381 
Eudnophite, 045 » 

Kudomophite, 575 
Eukamplito, OOf^ 

Eulytine, 836 • 

Euphyllito, 607 • 

KuruUte, 623 
Euthallite, 644 
Euzoollte, 755 
J^vaston 49 


Foceltite, 671 • 

FaMspath. 001 
F|^n)e, 513 
F^stemmark, 472 
Famtsihite, 007 
Fai^ite, 652 
FarOelite, 709 
Faserkieeel, 455 
Fasenoolith, 758 
Faasaito, 390, 817. 

Fauj^te, 575, 747 
Fayanto, 366, 90F 

-manganee^ 906 

-zinc; 006, 909 

Feather mica, 61^ « , 

Feldspar, 662 ^ 

Feldapathf krummbiat{eri|:e^ 663 


I 


Mite, 55(i 
Kelsil^, 603 
Keller, G«1 


* ftvnitMino, GU3 

I f-barj'tji, 6118, <06,107 

4_aiti> itiiu 
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— Cft>aia, 662, 668 
... ™ ferric, 695 » 

-gla«*^,g>62 , 

-Kapnil^, • 

I-Labrador, 693 • 

-lazur, 663 . * 

-lead, 662, Olfftl 

-lithm. 602.^66 

-magnesia, 602, 698 • 

-rubidia, 662, 668 

- - • 8tr(Viti^, 662jftl8. 707 
" ■ ^ructiise, 00or767 , 

- U8*es fyf, 6}f3 #4 

-r—^UiC, 662 

Felsjmm, alkali, coiis(itut^cai]i665 

- m — HyiithesiB, 667 

-analysis, 664 

proia^ies, ^hemit'ul, 061^ 

— — physical. 680 
I'^olspath apyro, 45J^ 

- d('e?nnpo8e^<Ui8 
' - du Forez, 45lJ % 

Feigspath, 661 • 

Ferric aluintuhim vhrornium ^alciinn sili¬ 
cate, 866 ^ 

-- anorthitc, 698 * 

.calcium gaftiet, 924 • 

-(di) calcium ulmninohydroxyy’ioi'tho- 

• silicate, 722 

- -.- totrf)r1lu4'itiumtuKili< ate, »4f 

^ .triortlioHilicate, 92! ^ , 

felspar, 695 ^ 

- - forr\'l^crrouH barium dccamelaHili<'nte, 

922 

-• - - fluoailicato, 957 
leucite, 649, 919 
mctnailicatc, 907 
-- orthoclaae, 662, 608 
orthesilicatc, 905 
potasi^ium <iimctasilicute, 914, 919 

• • metaHilicatc, hydrated, 920 
silicododocamolyMate, 871 • ' 
jilicododecatun^ate, 881 
sodinm^imetosilicate, 913 
^iodkrbonat-e, 12^ • 

* rourmalinft^ 742 
Fer^ierite, 749 

^‘'ornte, ,1^8 ‘ • 

jFerroaifthophyllit^, 910 
Fetro-a:^nite, OJl 
Forrosili^nd, 198 
Feirosilicon, 136, *98 
FerrosiJizium, 198 
Forroytanite, 8% ^ • 

l^^^rmiuantiiiipnatesf^cato, 830 

- I— hariurrt ferric ferry) decameiaailicate, 

* 422 

- 9 - j— -- ort)iOBi^ca4e,il^8 ^ , 

-ealctum alummiun^ manganese borato* 

♦ , eilicate, 9W * 

_-J-? dialumigium, Ixiraloletrortho- 

^ * * silicate, 911 * 

-metasilicate, 915 

--ort}iirai]i(*ate, 908 

--— phosfdiatcsiUcates, SJS 
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Ferrous (di) calcium alumipohydroxy^ 
orthosilicate, 919 ‘ 

-dialuminium triorthosilicatc, 910, 

- fluosilicato, 967 , * »•* • * 

-magnesium metasilieate, 912 

— -^rlhosilicai^, 908 * * 

—j manganese afttimonatosilicate, 836 • 

-^ ehloroheptal)ydrortltjflficate,896 

— -metasilieate. Tip/** , 

-r- trimftaailicate, 624 , 

— - manganous calciup metasilieate, 917 

- orthoBilicat6,'9B9 • 

• metasilieate, 912 , * 

,-ortlufiilicaW, 906, 906 

-pentaluminoxyaluminot rimcsosilieate, 

620 


-pen^almminpxydlultfrtotrinrtliaAu'ate, 

• 620 ♦« . • * 

- potassium sodium titanium milw- 

silicattgaiilS 

Indium titanometasilieote, 846 • 

* -sulphosilicate, 987 • 

- *■ thiocarliKnato, 128* • 

-titanium^odium trimotasilicato, 843 

-tourmaline, 742 • 

- tricalcium tetramoJunjlicate,’496 

- ultramargio, 590* ,, 

—zinc orthosilicate, 90!) , 

Ferryl har^n ferric icrsfluS decamota- 
silicoto, 922 • * 

-(di) lead orthodiSilicate, 889 • 

-« metasilieate, i^l • 

Fet^teiri, SCO • 

140 

♦ mrolite, 455 • 

Fi^hfugenstoit), 2108 

* Fittig’s reaction, 000 
Ffint, 140 

— elaya, 477 
Flints, liquor of, 2117 

-oil of, 317 

Flokite, 748 

Fluoboryl load barium oHlcium diortlioln- 
ailicato, 890 

Fluoailicates, 9214, 940, 944 
Foresito, 769 
l^liKsTina^oiodalite, 683 
Formic acid, 72 *• 

Forsterito, 384, 385 
Foshagito, 303 * ^ 

Fo«qa6ite, 721 
Fowlerite, 391, 898 
Freezing mixture, Tlulmior’a, 213 
•Friedeli#?, 896 
•Fmgardito, 726 
Fuchsite, 006, 607 
Fuggerlte, 713 • 

Fuhlunite, 812 
Fullenoiusn, 490 

♦ Fuller’s earth, 490 / 

Fusoite, 702 


Gabbromte, 509, 762 « 
Otebronite.iCD • • • • 

Oadoiiniun silicododeoatimgRt-ate, 880 
Qageilb, 894 * * 

^ Gahnifce, 7^U 
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Galactite, 752 
I ^lapectite, 494 
\ Gallium silicododecatung^td, 
' Galmei, 442 * 

Galifkeja, 442 ■ , 

Gamsigrodite, 821# • 

Ganistef, 1#0 • 

-bricks, 289 

Ganoma^te, 888 
Ganophylliti), 901 
Garnet, black, 921 
►—— BohAaian, 815 

- - calcium ferri^j, 921 

— common,* 921 • 

—^manganele, 901 

oriental, 910 

— - precious, 90t # 

-Syrian, 910 

- yttria, 921 
Garnets^ alkali, 682 
‘Oarhiente^ 933 
(lamitic acid, 294 

calcareous, 2 
-oarl^omiin, 1 

- --• musti, 1 

- - iivanun, I 

- vinoruin, I 
Giustaldite, 0421 
Gavito, 430 
Gedrite, 391, 390 
Gehlonite, 713, 728 
Gell^orde, 472 
Goinmahuji, 498 
(Jeutliite, 932 
(iermanium glass, 522 

—• ultramarine, 590 
Germarito, 392 
Geysorite, 141 
Giesoekite, 019 
Giganfcolile, 019 
Gignatolite, 812 
Gilbertite, 000 
Gillespito, 908 
Gidingilb, 008 
Giftstein, 430 
Giluinin, lA • 

Gioberitf,^27 
Giamondiio, 575, 711 
ufuflto,*746 
Glag#rite, 495 
GlancA) !Ppar, 450 
Glanzspath, 450 
Gloss, 520 

-Bcjiemian, 522 

boioailicate, 622 
-bottle, 522 

— crown, 422* 

-cr^fctW*, 522 

-»-* flitit, 522 • 

-hydrat^, 321 

-Jeilb, 622 • 

I-ntalleable, 620 ^ 

manufacture, 622 

-n»i8Cofy, 606 

—t-- phosphatosilicate, 62^ 

-- pqt^shdead, 522 

•^-•^mtosh-Iime, ^2 ♦ * 

-pots, 622 ^ ‘ 

-Dronertils. tih^sicah 524 






GUm, 8 <fc».lime, 52a ^ 

■-thallium, 82« 

-toughclUHi, 7)31 

Ulatees, ge^naii^ni, 522 
GlaasschOrl, })ll\ • 
Gltt83tein, • 

Glassy foUjfar, 6()2 
lilasurite, 907 4 * 
Glaucochroito, 894 
G!aucoHt% 762 
Glauconite, 582, 910 
^-♦soda, 920 _ 
Glaiicophane, 291, t)43 

-litlua, 644 

Glaze, salt, 514 
Glinimor, 604 
Gini]|^e,<^286 
GlossecoUito, 495 
Glottalite, 752 • 

Glucinum 
Gmeliiflto, 575 
• ■ potaHsium, 7 

• sodium, 735 
(J(fkumite, 726 * 

Gold silicate, 345 

- silicates, 340 

- 5ilicido, 175 

-thioi-arboimti*. 125 

(Jongylite, 619. Sl2 
Goimarditu, 76H 
(losheuito, 803 
(irangosite, 624 
(Iraluwnito, 392 
Uramenitc, 907 
Grammatito, 404 
Grammite, 353 
Grunaten^'eirtse, 04S 
(tranatitc, 909 
Granatus, 714 
GrandKliento, 917 
Graudito, 714 ^ 

Graiufu wan*, 515 
Grastitc, 4)22 
Green earth, 920 ' ^ 

-ultrainanne. 591 

Giv'enalite, 9tt7 ' 
Gn'onovite, 830 
GiiMinstono, 405 
Greua/', 7J4* , 

•Fahlfln/9lo 

-i^siiiite, 921 

- — syriai^, 715 
, tlrenats blancs, G4S 
Greugesite, 624 » 

Grij^ard’s reaction. 9<9) 
Griqtialandite, 913 
G^QphAiite, 622 
Groohauites, 021 
Groddeekite, 734 
Groppite, 812 
(frosaular, 714, 715 
(Jrothite, 840 
Griinerde, 920 
Griinerite, 912 * 

Guarilfite, 857 » 

Guarnaecino. 715 
Oiimbelitfv 1^10 • 
(Uimniito. 494 
GuroHte, 362 *» 

Gymnite, 420, 423 
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Gyunite iron, 423 
, - ' I nickel, 932 
{ Gvi-ohte, 362 

I* ' « 


Habit of ^lillarja, 670 

— ■ <*r)'Blalf, OfftV ** 

— - saindiiit), 670 
Slabit, IJaveno. 670 
lim'kimuiile, ^>83 •* | 

, Hiwnugicbm, lU 
Haliiotionhto, t)93 * 

IlHimte, 855 
*Hullite, 609 • 

ilallo^aito,-^^3 ^ 

HuAml/l'liivos, 1, 

HampliiriU* 431 
llanclckite, 722 
Maplovnc, 921 

< Hanlystonitq, 444 
Hai'niotomq, 575,#738, 7tni 
baryti, 7tit) 
calcium, 736. 7t»t) 

^ pot/'iiwium. 

' * bodiiiin, 7(i7* * 
llarniotomic at iil.jJn.'). 767 * 
llarhngtonitij, ^ 

Hai-btigito, 89(> * 

Hastingsqte, 821 
Hauvne, 580, 581, 

Haiijinte, 581 
llaughtojiitc, 605, 609 
lla>dt'jutc,*729 t 

llaytonite, 449 
JlelM'tfno,, 438 
Hecatolite, 1163 
llt'ctonb', 821 
Hodciibergite, 3!t0. 915 
mungano-, <M5 
tdano-, 916 
Koliodor, 803 
lieli'ditc, 6t)3 
lleliotro[)o, 139 
llel^intlio, <622 
Hehctan, 609 
Hiivine, 382 
Hclviilb, 382 
• lleiniinoi'it^iA', 442 

11 opatJiiorz, 343 . ^ 

HeptaliydroMilK-odccatungHtic acid, 881 
^lenWiu-^ife, 897* 

Horsoheyle, 729 
•Hei^enbergite, 381 
HesKoniti. 745 * 

Heteroeline, 897 > 

HeteromoriU*, T1J6 
H<5torol^olyacid»,.866, 867 
HiiulaAiJito, 575, 75C. 

i^mmotytAn, 757 * 

*- * potaasiuni, 757 
•->-sodium,*757 ^ 

HeulJbdiMc acid, 295, 75u^ • 

Hexfl^roinodiniethyl trii^iipbide, 93 
^ HolauroDlodiailane, 981 ' 

>{exal>mii^’8>6Nicooth|^e, lf81 
Hoxachlorodimethyi disulpliide, i'3 

-tn8ulphicj|), 9li 

\ llexaehlorodisiSno, 060, 071 
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HexAchlorodisiloxane, 974 
HexaohlorododeoammmodisUane, 072 
Hexoohloroeilicoetliane, 060, 071 
HexaeiliylBiliuoethane, 226 
Hexftgdiiite, 404 * ^ 

HexahydrocloHiltri(!(H:uxaue, 2^ 
Hezaiododlsilane, ^8# 
Hezalodpsilicoothane, 964 * 
Hexa^OThylsiUcoetiiai^ 
HoxaphenylHilicoethane, 226 
Hexaeiltfno, 221) 

Hexa^tjUcane, 225 
Htftfitofl, 312 
Hiddomto*V>40 

• Hioratite, 046 * 

Killiingsite, 017 
Hillebrandito, 358 
HiortdaMlitS, 851. 

Hiatngerile. 008 
-mangaii*. 908 * 

nsoiii t e.*B6 4 
^oofdtite, 007 

* Hc^lspath, 458 , 

Holmite, SUP 
HoImqui8tito,<644 
Komilite, 450 
Hovibleud<^ 301. 821 

Y— asbeHtoK,#426 * 

-Uabratkr, 301 

— • soda, lijo 
Hornmangan, 807 t , 

Hornstoin, 821 
Hoftistone, 140 * 

ifuiioifSlite, 38d, 008 
Halite, 451 • 

^udiunite, 821 • • 

. Hiillito, 624 
l^elvite, 800 
llumbolditito, 752 
Humboldtitc, 440 
Humito, 813 
Hunterite, 405 
Huronito, 603 
Hvorlora, 021 

Hyacinto blauclio do la Soininu, 702 

-do VoHUvo, 726 • 

-v^leaniquo, 726 

*I^Aointl1o blauclio, 7^6 
--cruciform^, 766 


Hyacmihica, ligvra, 766 
Hyaeinthino, 726 ♦ 

Hyaciuthus octodecabodncus, 726 
Hyalite, 141 * 

Hyalopba%o, 662 * 

JHyalosiaorite, 008 
Hyalotocile, 880 • 

Hydrazine duosilicato, 046 
Hydrobiotite, 61)0 , 

Hydrocarbonates, 72 ^ 

Hydrocaiftorite, 652 ^ ♦ 

‘ Hydroouoryptite, 673* ^ 

Hydrofluoaluminio acid, 043 
Hydrofluomesodisiliofr acid, 087 
H'ydrofluo8iH6io^d,'034, 040 

—‘-dihydra^ta, 942 

—-•«— monohydrate, 042 i 

--tetrahydratft. 042 • • 

Hydrogen 4nd CO*, 32* 

—“ ^oride and CO j, ,32 
—-•ffliemretted, 216 


yjDEX 


IlydroUte, ^34 
I HydrdDiica, 606 
I Hydromicas, 603 
t^dronepheftte, 573 , 575 
^drophane, 141 » i 

Hy(kophit©i, 4 i 3 • 

HyAophlogoplbe, WS 
'I HydrofJ>ylj|e, 61 ^ * , 

Hydropite, oOv 
Hydrorliodonite, 897 

Hydrosilicododecamolybdic acid, 867 , 868 
Hydroailicododocatungiiticaeid, 874 # ' 

—-gdocosiliydraW, ^1 

--ioolihydrate, 871 


Irate, 871 
lydrate, 871 


octocorilhyd 

—^-perjfadecani 

Ifydroailicons, 215 • 

.JL — uiisaturatecL 226 
Hydrotalc, 430, 62t 
Hydrotephroite, 894 • «■» 

Hydrotliiocarbonsauro, 119 
►Hydro/homsonite, 711 
HydroxylAmine flucsilicate, 040 
Hydroxysodalite" 586 • 

Hyocinths, 715 
HyporstUene, 390, 391 
H/posclerite, 663 
Hypostilbite, 759 
WvDosulphitoHodalite, 583 


I 


Iberito, 610, 812 
Ice spar, 662 
Ichthyophthalmite, 368 
Iddingsito, 388 
Idocraso, 726 
- - • mangano, 720 
Igelstromite, 908 
Illiiderite, 719 
Ilvaite, 918 
IndianiUs 495 
ludicolitc, 741 ^ 

Indigolj^, 741 
IilVsite, 804 
Inhisorial wrth. 280 
Ink, silve^ 624 
Invasiorf cooiHcient, 49 
lo^atov^dalito, 583 
Ridqsodalites, 683 
lolito^8J)8 

Iridium thioearbonato, 129 

-ammine, 129 • 

' Iron an^ophyllite, 012 
chforite, 624 

-dijjentitasilieide, 200 

-disilicide* 201 

-dito^mciSe, 200 

-epim>te, 722^ « 

—- hemisili^ifll, 199# 

* -heqjitri^icido, 200 

• ^ -ivanganese fritasilicide, 100 

■•-T-monosilicide, 200 • 

-sUicaUip, 906 • 

^ -y- tniocar^nate hexammine, 129 

I-tourmalins, 741 * t 

trfsfticideT 201« ^ 

-tritadi8ilicide,*200 •* 

-tritasiU<fd€^ 199 



Iron trititritasilicider 
Iron-gymiiite, 423 
Iron-knebelito, 908 
Iron-iifttroUlo, (i£) 

Ironstone chinn, ik5» 

Iron-zoisitt, 720 • 

Irvingite, 006 • • , 

^hydro8ilicododec%tun^tic^oijl, ||92 
Isopoiyocids, 867 
Isotaohio^ 051 
Uacolumito, 140 
%tntrite, 584 
Ivaiirite, 846 
Iviglite, 600 


Jacinta la Ijella, 715 
Jacksonito, 7M» • 
Jado, f05, 465, 094 

-do Saussiiiv, 094 

-Swiss, 094 

• U“iia(xs 094 * 
Jadeite, 540, 043 
Ja8|jer, 140, 515 

-iilgyptidn, 140 

Jt'fforisilo, 009 
Jefferaonitc, 390, 910 
Jelltitito, 921 
.Ionite, 9l8 
Jcnkinsito, 423 
.Jovreinovito, 720 
Joaqiunito, 843 
Joimstrupito, 844 
Jollyite, 908 
Jimipait^420 


K 

Kanimerento. 022 
Kaersuti^, 821, 823 
Kalbaito, 742 ^ * 

Kaliophilito, 571 
Kaliophilitos, hydrated, 574 
Kalklabrador, 703 
Kancolstoin. 715 
KaolUi, 4^7 
a., 470 ' 

-j?-, 470 

- Y; 470 

- 5., 470' 

Kaolinic acid, 474) 509 
Kadinite, 467, 470 
Ksolinization, 408 
felspar, 890 
Kapnikite, 890 
Karinthine, 821 
Karpholite, 900 > 

KaiaboHo ri^tabolism, 11 
Katangiie, 342 « 

Katcenauge, 139 
KatBensilber, 604 
KeatiiTgito, 898 * 

Keflekil tartaronmi, 921 
KetfeldU. 427 
Keffeldite, 921 
Keilhauite, 840 ^ ‘ 
KentroUte, 880 


I Kumnyl, 945 

Kenjito* 609, <619, 622 
Kimdguiir, 142. 28ti 
Ai^lidkupfqr, ^43 
f Kilaelinalaallte, ^3* 

I Kl^selauu^tvi> 690 
^ KiosalsinkcrrE, 442 • 

Kieselzinktf^th. 442 
KiUenite, Ola S * ^ 

Killinitc, 643 
%irwanito, 821 
Klfinontite, 623 • 

* Klipstcinite, eOTi 
KiyphiU*, 810 
. Kimil gloser, 530 
* Knobolit^*, 908 

90*S , 

K()?lmU 454 j 
K(^)U)ingito,'H45 , 

KohLJii.sc)iw'efehvaH«crat<>tT»yu/e, i 
Koksduiroffitc. 821 
Kolophonile,,lt2l 
Koriiorupiiu\ 812.. 

KotschwlHMio, 022 
Krablito, 003 
Kra6fU>,.'i4»3 * 

KK'Uzki'istallc, 780 * 

! Krovizstcin, 700 
Krokalite, 57;i,, ’ 

Knlnzitc, 044 | ^ 

Kuboid,^44 
KubujziO*, 729 • 

Kunzite, 040 
Kiipfcrbliii^ 343 
Kiipfergrun, 343 I 
Kupfor|x>«*hor/, 343 
Kupfel'sinarHgd, 342 
Kupfferite, 390 
Kupliite, 574 
Kuphonspars, 574 
Kyamte, 458 


I >' 

i 

: half'ttdor, (W3 

- - felspar, <*03 

J^ji bradorite, <9)2, <)93»^ 

- — •'laryta, 707 "* 

'' - Ht^on^H^ 707 

LaLrudors^in, 0113 
l.rficr(»iHite, 899 
Uuigbai^.'e, 837 • ,, 

Lavenit'?, 855, 857 
'Laquriolitc, 680, 714 
Lampro|.hyllilc, 843 
Lanthanum OuoHili^ate, 954, 

- siheato, 820 

- siiicododcut/iingstute, 880 
L%pis tiasaniliK, 140 . 

' (ulamiuans, 442 * 

- colubriiuis, 420 
’ - crucifer, 468, 909 

- dlecfricus, 74d 
-iilazuli, 585 

1 _..JL lydiiA, 140 

-c Haris, 429, 43<^ 

— seissUis, 428 

-serpentini^, 420 

) —- specularis, 004 
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Lordito, 499 
Lasallite, 826 
Latialine, 584 
Latrol)|t«, 893 
Laubanite, 739 
Laumonite, 676 
Laumoutito, 738 • 
—a-jr^padio, 739 
Lavenzstein, 430 
Lavrofflte, 818» 
Lavrovite, 409, 81( 
^wrafflta, 409, 81 
l,awrowit^ 409 " 
LawHonit^, 708 a 
l,azulite, 687 

■-Spanish, 808 

Lazur ffilsnai', 863 , 


'NDEX 


\ 


Lapurit«, 680, 

J^zurstoln, 680 , 

alcool do | 0 |ifi'e, 04 » 

antimonat^silicato, 830 « 

-barium calcium Ihiobojyl diortliotri- 

• silicate, 800 • « 

-borosiucate, 461 * 

- ~ calciumsulphatol^droHilicato, 800 

-dialujninodiorthoBilioalo, 88## w 

dicalcium trim^aSilfbate, 888 
►-diferryltirihodinil^lite, 880 

- - diman|;auyl orthAlisilki*te, 880 * 

- — felspA, 6(i2, 608 « \ 

-fluosilicate, 966* , 

-(lihydr^, 066* 

- ~— tetr^jferate, 066 
nemiamminomotasilicate, 887 

- (IfbxaJ te^racaliium dmydi'oxytri- 
• orthosilicate* 888 

- magnesium dihydroxymotasilicate, 888 

-orthosilicate, 888 • 

‘ - - meiasilicate, 886 

- orthosilicato, 886, 887 
-orthosuljihosilicato, 087 

- pyrosilicato, 887 
*— silicide, 187 

-siiicite, 236 

-silioododooatimgsialo, 881 

-thiocarbamato, 132 • 

tlijpcarbonate, 128 

-(tri) pontosulplriBilicatc, 087 

-ultmmuriuo, 690 

-blue,*880 

- . violet, 8^9 a 

-zinc oxydisilioate, 880 

Lodererite, 734 « ' 

Lederit«>, ^0 
Leelito, Q63 
Lehmanite, 694 
Lehuntite, 663* ' 

beidvite, 624 
liOmbergjlte, 674 
Lemnian earth, 471 • * 

LenniUte, 609, 624, 603 
Lenzinite, 494 
Lyizite, 49^ - 

Loonhoidite, 73ff 

-a-. 738 « 

-1-, 738 

Cs6pidochl^rite, 622 
Lepidolite, 604, 607 
Lepi,#imelane, 608 * 

Lopldomor^hite, 606 ' 


iLepitochlorites, ■ 

Lepolite, 693 
I^por, 918 . 

^ptochlori^, 622, 623 
Loucaugite, 817, 819 • < 
Leuchteubwg^e, 622 * 

Leifcite, 648 ' J • 

-bi'yH(a„649, 803i 

-ferric, 649, 91^9 

-^littiia, 649 * 

-psfeudo*, 661 

-soda, 647, 648, 649 

.-thaHiuip, 661 

-- thallo-, 826 

I^eucitic aci^ 29l, 6^8 
LDiicitohodro«, 649 
^ucoargilla, 472 * 

Leucocyclite, 36^^370 
Loucolito, 660, 763 
Loucone, 227 • 

Leucophano, 380 
Loucofhoenicito, 894 
I^ucoph^llito, <1,06 
/aiucosphonite, 844* 

J^ucoxono, 840 
L^verridtite, 473, 492 
Levyne, 736 
lAvynite, 675 
Liebenerite, 019 
Liovrite, 918 
Ligurite, 840 
Lilalite, 607 
Lillite, 624 
Limo cancrinite, 582 

— — mica, 707 

-thomsonite, 710 

Lime-olivine, 386 
Lineolnite, 765 
Lindesito, 916 
Lind«ayite,.693 
Lintonito, 709 / 

Liparite, 431 
Liquor silicum, 135 
Litliia felspar, 662, (iClM 

i - loiicitc, 649 , 

iXliia-mica, 607 
Lfthia-sodftlito«583 
lathionite, 6(ft 
Lithite,*661 

Jfilhiufa aluminium dimesosilitjaTe, 652 

- •-dimotosilicato, 640 

.^ r - heptitabromortho8iJi#ate, 573 

— -mesotrisilicate, 641, 668 

-orthosilicate, 869 

-^-hydrated, 673 

# w ■ paratetrosilicate, 641 ^ 

-tetrametaailicato, 641 

' • - alumiqpailicate, 669 
~ silicMe, 371 

lA)ro8ilic^^ 448 • 

-calciuij metasili8ate, 366 

— —orthosjlicate, 366 

-fii) silioododecatupgstate, 876 

*—•- dialuminium orthosilicate, 669 

— ir— j^ntametasiliOate, 641 * 

dioxyorthosilicate, 332 

-tiu<^lic^, 946 ^ ♦ 

magnesium pjetasili^ate, 407 
-metasilicate, 329 • 

— -h^r^ted, 331 
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Litiiiun# (ooto) trizir^fiiuiu peator|)ioaili< 
cato, S64 • • 

-l_ orthodiflilicaKj, 330 , 

.- orthosilicate, 329 

—>- perflaaiij^t^ 329 m 

■ -percarboi^icLiS^ ' 

-pot&ttuum hexalf|^ot^tn1Iunuuot|'ime** 

- --hyOT^riaraimn<Anlilho8ih«‘atct 

fi08 . 

--“silicAto, 337 

—■ {iUicide» 1G9 , ^ 

—- sodium silicate, 337 
«— strontiftiff Plicate, 371 
-(tetra) gilicododecamcHybdalt*. rfoo 

- .- sdicododwahmi^ntufe, K75 

• - thiocarboi^ite, 129 • • 

tourmalinoi 742 • •* 

. trialumiiiium hoxahyftroxjtUinctn* 

silicate, (^Z 

iwtal^’droxydimetAsilii'Blo, 007 
'• ullramanno, 589 

- - zinc silicate, 444 
l^itliium-glaucophuye, 044 
LithomargCf 472» * • 

-grocn, 472 

fxiboito, 720 
Loganite, 022, 821 
[x>gronit<*, 392 
Ijomoiiite, 73H 
Longliaiiite, H30 
Lophoito, 622 
I-.orenzf*nit<s 842 
Lotalile, 915 

liOtriie, 722 
Louisite, 308 
Loxoclaso, 002, 00:1 
009 

hucianite, 432 
Lussatiio, 247 
Liist ros, 615 
Lutooite, 139 
Lydian stone, fiu 
Lydite, 140 


LV( 

LyneuriitWlwglt^ 
Lythrodos, 019 


Mackeasito, 921 
Maekintoshite, 883 
Ma^li, 468 
Maclucrita 817 
MeSonito, 019, 022 
iVl^rolopidolite, 015 
41a!gneeia*opidote, 722 

-felspar, 062, 091;^ 

-KOd, 768^ •• • » 

Magnesian tourm£riiuc«^ 741« 7l2 * 

Magnesia-sodaliU^ 683 * t * * • 

Magnesioanthophyllite, 916 ^ ♦* ' 

Magn^ite, 427 • 

Magaesimn aMminium aluminatortlAsili- 
eato, 812 0 ^ 

— --mosopentasilicatpe, 826 § ^ 

— —*■ p^talun^atorthosilicAte, ^3 

-gUicaJ<4i 808 * ‘ 

-bon^ilicate, 45t 
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Vaguosiuin oyoivim dialuminium dihydro- 
triorthosilioatpo, 718 
f.. — ... dihydro'orthodisilioate, 420 
-diinotasiAoate, 410 • 

— --enKealununoxvaliuuinoVdisiUiealiOi 

^ \ • 816 ‘ 

_ - oi^hosilici^, 408 • 

V . (tri) orthosilieato, 4^9 , * 

trihydwhoxaluiniuoxjialummo- 
* ♦ • *triorthosiUcato. 817 

— enaWite, 733 • 

i - (di) fiontacalcium sifioate. 404 
} -- — y(^^uisiutn hydrodialyminotri* 

I • ^rthosilioato, 608 ^ 

I ~ duitununiuin ^iorthosili^ate, 815 
i - - dialuminylaUiniftmura orthopentosili- 

I cate, 809 

I ^ • (licu^inum j^icnto, 103 

[a- (lihydrotelAwlicat^', 129 * 

I* --ferrous motaailn*ate, 917 ^ 

j - - • orMiosilicn^e, 9t^ 
i ■ - - tluosihcate, 9,'ft 
j -• “•l»ex(d#y«lmi«Hl, 953 
j - • homisilicide, IHO, 181 * 

I-hydroxythiocnrbtlTiute. 115 

•-hsA dthydroxyineftiHilicttt^. HK8 

I- ofthosilicute, 888 ^ 

I -litlnum n^ jfkilieale, 407 

-mflnK'ines(^^notaHilicate, 898 

*-* Hodmiu^netii|iilicate, 910 
inetasilicate,(390, 3^1 
-a-, 391 

--- • -jS-. 391 • ‘v 

liydratotl, 420 0 ^ 

nickel j^ihydri-rthosiliciiT*', 932 
- - inotiwilioat8*932 
• ortliotrisilicale, 932 
tetraliydrot-nortliOHdicate, 032 

- * ortliosilicaU', 384, 420 

pertbiocarbonato, 131 
}M)tasHinin ibiosibcah'H, 953 
n»<*taHilicate, 407 
triHilicate, 408 
• silicates, complex, 405 
- higher, 403 
liy<imb*(l, 420 

- Hiiicoclodoeainolybdatc,^71 ^ ^ 

MiUcododewitungstnto, 779 
KiKlmm i»ytaHiIicaie, 407 
^iilplioHilicato, 987# 

I Tettraliydrodisilinate, 421 ^ 

tetraliydn^ilicododiM'atnngMtak', K79 
^draliydr( 4 iriortlioHilicHt<*, 423 
•ftctralf’drotriKilicate, 42J ^ 

fhiocarbonale, 127 % ^ 

(tti^cAlcium Kiiicate, 404 • 

- — puia^inin dibydroahiiniiiotri- 

ortbosilicaie, 608 

- ^ripentitaaiiickle, 180 

trf^tritaHiliejdo, 181 • 

- - uranyf orthodisdicaie, 883 
Mu^eiis, 428* 

Majc4icg^r>13 • ' 

Mliiacone, 83# 

laconi^, 409^ 


%1 

l^^l 


MalUiacito, 496 « 
Mariandonite, 461 
Handerite, 426 
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Manebaoh twinning, 671 
Mangsn hUingerite, 908 
Manganandaluaite,458 
Mangandiathene, ^0 * • 

MangaoMe alvuninium vanaUatuailicate, 8jt6 

-amphibole, 897 ' • - » 

,-areoaatometasili^te, 83(^ 

—» 8reeait<*netaeilioate, 836 

-Barjim raetasilicat#, 898 

-bcryllum orthosUicate, ^8l' 

-calcjum ferrous alumnfiufa ISorato- 

silicAte, 611 

-raetasilicate, 897 

—"V—- orthodisilicate, 8^* 

.*-ortfcosilieatef 8M ^ 

-olilorohSptahydrotetrorthoHilicate, 895 

- corneous, 897 

-(di) calcium aluminohj’drowtriortjici 

sdJcaWj 76% * * .« , 

-dialuminium tetrahjMroxydimctasTli., 

cate, 900 * 1 

- -- triortlfosilicale, 001 

—*dilKdrortho8ilioa1^, 894, 900 
dihydrotetrametasUicate, 990 
dihydro^t^triorthosilicuto, 894 

- disilioide, 197"* 

— — ditritaailicido, 197 
-fayalite, 900 

- ferrous antimou^osila'aU), 830 

— - -chlorolieptal^vflvotetrortliosjli- 

cate, %g6 • • 

— --motasilhate, 917 

--trimetasilicote, 024 

-flu(^licate, 960 >• 

— 

—%■ jjemisilioldo, 190 

—• iron tritasilicido,-199 

4-— magnesium sodimn metusilicato, 910 

-- metasilicate, 898 

-metasilicate, 897 * 

-mica, 008 

-ortliosilicato, 893 

-dihydruted, 894 

-ditritahydrated, 894 

- 1 hydrated, 894 

-oxyde violet silicifiue, 708 

-pontitasilicide, 195 

rougj, 708 

-sesquisilicate, 898 

-silicates, 802 

-silioide, 197 ^ ' 

-silicododeoatungstatef 881 f 

-ftdium calcium hydrutrimetasilicate, 

, 900 

-strdntiupi motasilioate, 897, 

-tetrapiesosiUcate, 896 

-r^ thiooarbonate, 128 

-ultramarine, 690 

-aino diliydroxyorthosUicatc, 894 

Manmnese-spar, 890 
iMangano-axinite, 911 
Mangauocaloite, 894 . '• 

Manganoohlorite, 622 
Maqganohedenbr7gite, 916 
Mangano-idocrase, 726 , 

Mangitaopectolite, 366 
Manganous calcium I'ialcminium borato- 
tetr^rthosiUcatet 911 

—- /di) calcium tiiaiummium tetrahydro- 
* hexorthosilicate, 896 


Mangi^ous ferrous q^iummetasiUlate, 817 
- 1 —■ orthosilioafo, 909 

— motasilioate, 900 

--di%drated, 900 

r -hemihydrated,<60(U , 

Vangaao-vesuvianite, 73% 

•itanypno-zeotte, 90,^« 

Manganyl (di) lead ofthodisilicate, 888 
Mangolite^#7* * s' 

Mangophjfflite, 606, ^09 
Mansjociw, 409 
Maranite, 458 
Marcoline, 897 
Marga porcellana, 472 
MargeJite, 708 ** 

Margarodite, 600 • 

Margarosanite, 888 • 

Marialit#,»762 • 

Marialiiic aclH, 764 
Mariposite, 008 • « 

Mannairoiite, 910 
Marmolite, 422 
Marmor serpentinurn, 4S. 

-IsebliciiiA, 420 

Maskelynite, 094 <’*■ 

MatriciM, 388 
Mayaite, 643 
AOe^sch^umite', 473 
Meerschaum, 420, 420 
Mehl zeolite, 768 
Moionite, 762 
Meizonite, 703 
Melanite, 921 
Melanochalcite, 343 
Molanolite, 024 
Melanosiderite, 908 
Molanotecite, 889 
Melilito, 403, 713, 762 
Melinophane, 380 
Melopsite, 423 
Memaphyllite, 423 
Menilite, 141 
Mephites, 2 

Mercuric fluosilicate, OiH 

-hexahydrated, 954 

-trihydrated, 964 

-silidite, 474 

'— silicddodccatungstate, 880 

-tluocarbonate, 127 

Mercurous fluos^'ftate, 964 
-(octo) silicododecamolybdate, 867 

— silicJte, fyi 

-silicododecatungstate, 879 

— ultrama:ir.o, 690 
Meroury silicate, 438 
-silicates, ^38 

— -Wicide, 182 

-&lphosilicate, 087 

Meroxenes, 611 *• 

Merwinite, 409. 

Metodisilicio"^cid,'2W 
Mesoaexasilicio acid, 294 
M^le, 709 

Mesolin, 72# 

MescHte, 749 

-soda, 052 

-IJialRum, ?61 

-thallo-, 826 

Mejbsilicio'atjids, S08 
Mesotetraailicic acid, 294 




MesotrisiUlio acid, 294 f • 

Mes^typ©, 749 
«— 6point4e, 30^1 
—— 80(^, C52 
Met>aoarlxffak^72^ 

MetacarObi^^c a(‘i%, 7^ 

Metaohlorite, 623 •» 

Metacottoidal sta^, 576 > 
Metahe\ilaiidit©, 75^, 75i 
Metanairo^«, k)4 • 

Met^olec^, 750 
^eta^ricit<*, 00() 
oletasiiicatoiiodalit*', 583 
Metasilifie 8Cifi,^!j3, 291 

- - -acitlH, 308 
Mettwulphosilicic arid, 937 
Metathiocarboiiif^ai'nl, M9 

423 , • 

Methoxyorthodiwihcato llw'xa). a 10 
Methyl chloride and C<f, 32 
-- - • ortho«iilHito» 309 
-- -'^liolcarbamato, 132 
-lliioiu’arbomatt', 132 

— silicic! acid, 309, 

-xanthictw‘id#l'2^ 

Mien, ()04 

- - haryia. 607 
-hiaxiol, 60<> 

— lx)rdcr, 612 
bronzes. 620 
clilorilo, 622 

— foal her, 613 

— - liitic, 708 
-- lithia, 607 

mangam‘.so, 60H 

oblique, 600 
• pearly, 708 
- • potash, 606, 607 
nblxui, 613 
ruled, 613 
serioiiic, 470 
soda, 608 

- -- uses, 619 * 

- - vauaduiin 836 

Micaiutc, 620 
Micaphililt, 168 
MicaphyilOe, *58 
Micf^Uo, 6iy S 
Micas, 003 

•- • bra'fcIiy<liagonal, 613 

brittle, 603 

, . - macrodiagonal, 613 

MicroPloBo, 661 
M»crocIine,^662, 663 

_?albit«, 664 

--■•^macroportlute, 663 
^ - oligoclaeo, 604 

-.porthite, 663 * 

Microclinefl, wwja, 669** ^ 
Microl6pidolit«, 6U •• 

Microperthite, 663i • 

__ microcline, 663 • 

Miorosomniite, 580, 584 
Mioro4i*»« 693 
Mitonite, 495 • 

Milarite, 746 

MUchquaAz,13J • 

MUd. purple atoi^,*46* 

HOosohite, 865 


M!n5ral de A)rojpande!, 831 
Minerals, synthesis, 313 
Mfnguotit^*, 624 
Mizonit6,*763 
|Mt:^nito, 760 • 

/ MociiadVcin^ 139 
VMoftngraamte,843 . 

MolyWiatopotiwU-wodalUe, 583 

1 MolybchUo-aqdaUte, i*i3,871 

I Molyml^um disMioide, 192 
j • - fluosilicatT', 9*6 

- Uemitrlsilicidt', 192 * 

■ 8ilu'ttt4', tOld 
Molybdojihylhw, 888 
MomUtoin, 663* ♦ * 
Monubroinosilsne, 97Ui 
• Monochlorosjlane, 960, !>70 

5%n9porox^carl>omU<*H. 86 
Moiipf|*ruxj^'‘ttiwnitleH,,86 

Monophatw^, 761 * • 

Monosihuuhol, 216 
Moiiosjtttue, 216 ^ 

Munosilanie ac-id, 21 if 
Monosilauol? 216 • 
Monunilu'opropam*, 216 

Monox, 235 

Mouoxo<4ii\vsliMlo.\ano, 235 
Monrudito, 8;JI 
Mourolib', 450 • 

•I Montanin, 9V> - 

Monti<'olift<f, 385. 406 
Monlmorillonito, 497 
I Moonstbae, 6t‘2 
Moravite, 623 
Mordenito, 575, 748 
Moresnotito, 442 
Morgaiiito, 8y3 $ 

<Morinorion, 138 
Monute, 693 
MortUr ijodios, 515 
1 Morveuito, 766 
I Mosandrile, 84* 

' Mountain blue, 3*3 
I cork, 825 

I grocn, 343 

leal lior, 825 
soap, 498 
>1 Mulli'l'il*', »7 
i Muidan, 663 
Mulhto. 454 0 

!*Murat^ 896 * 

I Mu»lixontle, 663* 

[ Axuscovito, 603, 404, 606 
J Musc(%y ghiRw, <1,06 
T Mnssils, 409^ 

Myelin, 472 


crileHJ’. O'*® . 

ogite, 

-rsareukite, 14*3 • 
aonitq, 889 
Mil*.'675,«52r 762 

- ■ ‘iron, 653 

- raet«i654 • ^ 

L- «52 • 

-•pSMh. 654 • 

- tWIo-, 826 
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Natromicrocline, 66i 
Natron-chabazite, 734 
Natroxonotlite, 360 
NeorSnite, 663 
Nefediefiite, 826 < 

Nefedjewife, 825 
NemaphylUto, 407 • 

N6biyanite,*341 • 

NeodyifKum 9ili(;ododA:a(uBggt«t«,^S8(l 
Neolite, 428 
Neotesito, 894 , 

Neotocite, 897 
Ne^elioa, 669 
Nepheline («ee nophelito), 6^ 

Kephelita, ^^9 * 

-baryta, 671 * 

-hydrated, 674 

-silver, 6J0 

-- stwntia, 671* 

Nephrite, 405 
Neptunite, 843^ 
h^Uftschinskite, 49i 
NeuroHle, 600, 021 
Nowportite, 620 * 

Newtonite, 4*2 ^ 

Nioke), amnnnom^asilicuto, 032 

-. ditri(^ilicide, 207 * 

-«Duoai]icate, 968 

—y- gymnite, 932 • 

-heniisilicide, 207 

-hemitrisiiicick, 207 

-hydrotrimeftOiilioate, 031 ^ 

-magnesium dihvdrorthosilioaUs 032 

— y ^metaBilioffte, 032 
—orJRotnsilicate, 032 

Jfc. ^ -tetrahydrotriorthosflicaio, 032 

motasilicate, 9S2* • 

— monosilicide, 207 

-orthosilicato, 032 

-silicate, 031 

-silicododooatungstate, 8K1 

-tetritasilicido, 207 

-thiocarbonate, 128 

-triamminoihiooarbonate, 128 

-tritasilicide, 207 

“ - zinc silicate, 033 
Nitratoohabaizito silver, 733 
tha/lium, 733 
Nitratosilioic acid, 345 
Nitratosodalites, 683 / 

Nitrogen and COgt 32 
Niti^us oxide and COg, 32 
Nontronite, 006 ' 

Norallte, 821 ■ 

NorderAicj6l(>ite, 404 
^ordmaskite, 009 
•Normaline, 736 
Nosean, 680, 684 

-hydrate, 685 

No»an, 684 
Notine, 684 
Noumeaite, 933 
Noumeite, 933 
Ntoeite, 933 
Nutt|lite, 76i^' 

c 

Oolu:«n, 472 
OoHro, chrome, 866 


INDEX 

Octohromosilicoprdjiiane, 081 
Octdbromotrisifano, 081 . 

Octochloropropane, 972 
Octochlorosi!ioopropane, 960 ^ 

L Octochlorotetrasilane, 9t6 /' • 
\Octoc¥Uorot|isilane, 2W,*0W, 07SJ 
Octlhydrootosiltri^oxane, 232 
^(Edelite, 7L8 , i v 
Oersteditf.m? 

CEuil de»chat, 139 t 
Offretite, 729 
Oieanite, 721 
Okenite, 360, 3G1 
Olafite, 663 , 

OMiim Bilioum, 136 
Oligoclase, 662, 69^ 

•—- b^nrta, 707 * 

-.micro(Jine, 6(f4 

— ^lontia, 7071 . 

Olivine, 385 

-lime-, 386 

—“ -peridote, 385 

— — titano^846 
Ollacherite,^07 
Ollso foRsiloB, 512 
OmplAcito, 818 
Omphazite, 8^8 
dd^phyllite, 607 
Ongoito,^22 

‘Onkoito, 622 
Onoceine, 606 
Ontariolite, 763 
Onyx, 139 
Oosite, 619, 812 
Opal, 141, 300 

-fire, 141 

.glass, 141 

.'iifon, 141 

— jasper, 141 

-milk, 141 

-raothor-of-poarl, 141 

-wax, 141 j 

Opahis, 141 
Ophiolite, 422 
Ophites, 420 
Opsimose, 896 
Or dea chatfl,5304 

^Oranite, 

Organic liquids mid 32 . 
Orientite, 896' ’ 

Orthite^;722 ^ 

Ofcnocarbonates, 72 
Orthocarb<ynic acid, 72 
I Orth6clase, 

—~ ferric, 662 
Ortbochloritet 622 
Vlrtl^isilioio acid, 310 
Orthos^; 662 * 

Orthosilicio acid, 29l 294, 308 
Orthoeul^h(^ioi^ rfoid, 987, 
Ofthothioowbomc ^ii ‘119 
On^HHe, 844 * • 

'(^ryzito, 765 
Or»Dnite, 917 
Osiiielite, 366 
Ostranitq. 86% 

,Ottrclite, 620 
O^'tremer. 686 ^ 

Ou\^aroffiterS66 
Ouvarovite, 714 



*Owarowit«, 860 * 
Owenite, 622 
OxalatoBdilalit% 586 
OxhavdNto. 368% * • 
OxuniODosuane, 234 * 
Oxom^osi]oxan& 234 
Oxydisiline, 232 
OxyhflBinoclobiii, 11 
Oxymeion^, 764 
Ozarkito, 70y 
% • 


I'agO(lit<?, 408, fifti 
609 * ^ 

rujasbergite, 897 
Palasonatrolit^, 652 
Paligoi'HQit-oyi«i5 • 

• — 825 

- 825 

-calcio, 825 , 

* J^alladium heaikiaiUculb, 2J4 

-monosilicide, 214 

I'alladous totranunmotluoMih(^iU<s 058 

i’amcultjian, 707 • 

Parachlorito, 609 

I’aradoxito, 663 

Paragonite, 606, 607, 6<.>8 

J'aralogite, 763 

P&raiuoiitJiiorillonito, 408 

ParaniontmoullouiU*, 825 

.Paranthiiio, 762 

i’araphito, 619 

Pamsopiolito. 428, 825 

i^arfcilicic acids, 308 

Parautilbito, 761 

Pai^asito, 391, 821 

Parian, 514 

Parkor’n oomoiit, 554 

>*arorthocla8c, 6(T4 

Parwttoiisil^, 806 

Z^ailschito,^>^ ^ 

Paste, 521 

l^attersoniR*, 6O0, 622 
Paulito, 391 
Pechgmnat, 921 
P5cldiainitc, 392 
» ^'ectolito,*3i}6, 

-ainnionia, 367 

^-niongano, 366 

_..^^8ta8h, 367 « 

-silver, jlG8 

PeetAitic acid, 2(»5 
Peg^iuitolito, 663 
i^glii^ine, 423 
Felhamito, 423 
Pelikanite, 495 
Peliome, ^)9 
Pencil^tone, 499 < 

Pemune, 622 • 

Penninite, 622 
Peatabfomodisilajie, 981 
Pentasilane, 225* • 

Pectasilicane, 225 
Penteroailitfic 3|^8 
Paitites, 312 *• 

Penwithite, 900 
Peplolite, 812 


ind'ex 

t 


0 


• 

Percarbouatea, 82 
rtwx’arbopic acid, 82^86 
Perchloratosodalito, o83 
Ik^phlorooiAhylmorq^ptAii, 110 
i'o^lil&roai/icoethane, 971, 981 
Pereliit^rotrisikiiiC, 216i 
1‘eroivalite, 643 
J’orK^in^ 663 ^ 

— 670 

I’oridote, 385 
-- titanifoniuH, 3 im. 
PenstoriUs 66j<«« 
l^onnutitK*, 5764 ^ 

I’ersilicates, 274 * 

IV'rsilicic a<‘id, 278 • 

-hydrugcl, 278 

J^rtiiiocarViiatc^) 
J^cr^liuDCurbtllio ayid, 131* 
^>rthi(c, 602. 063 . * 

inici'oclino, 66? • 

J'«*siUit<s 807 
IN‘t-4ili(e, 651 
Phacoli^, 729 
Pha'tftdinite, 821 
iduistinc, 392 
klienaccRfb, 571 
Idionacollito, *71 
IMkonat'de, 380 

61^ 

• - phlogopitcs, 6(m 

l'liouyl|»hcanediol (<li), 3i»r^ 
J’honylsilicic acid, 309 
IMienyl-ultrumarmo, 59§ 
Idiiladophite, 009 
Jduii{iHtadi(e,f821 
l*]iiilipHite, 57*. 737, f3f5" 
I’lilogopito, 604, 005, 608 
J’liolqjite, 477 

l*ho8pliatc>[>otaHh-so<laliU', 583 
I’liospliatoRodahUiH, 583 
Plkosplunotnl)rouiosilan<% 979 
l^liosplionw silicate, 835 

-silicide, 188 

-Iru'lileride and ('O^, 32 

I’lioiicite, 807 
Piiotizite, 807 
Pliotolite, 366 
}|iy]lite, 620 


Ido, 560 0 ^ 
'icraii|^*cm»e, 644 
J^yi^ite, 422 
i Pierophyll, 410 * 
k j'icTOBiliiie, 423 • 

^ l6crot^|>hroifj, 803 
J^rothorasomto, 710 
J’uAito, tM4 * 
J’lulliiigtomt^ 390f 
Piodniontite, 722, 768* 
l%ropi|lote, 722 
riorre a ffti, 1,40 •, 

-.— sa^oi^ 498 ^ 

• - crucifomio, 76^ 
dilute. 686 , 

—• de aniazoif6H, 663 
qjoix, 766, 900 
—_ . g|Ei|pe, MO ^ 

-^ Labrador #93 


—-458 

--8a\p, 427, 431 
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low 


Pierre de soleil, 663 

-ilaetdque, 140 

PigeOmte, 1)10 
Pilarito, 344 
Pilolite, 423 

- a; 826 ' 

—828 

Pimelift, 624, 833 ’ . ■ ^ 

Pingoa d’agoa (drops of tvatv)* 601 

Pinguite, 807 , • 

Pinite, 618, 812 

Pinitoid, 618 - - 

PioTino, 432 

Pipemo, 7(B . 

Pirodmdite, 890 
Pistacito, 721 
Pitctlrantite^41fl 
Plajjotteae, 694 *. 

-barium, 707 ' 

Planoheite, 34 L 34 
lijjfnU metabonam, J(L 11 
Plasnft; 138 

Plasticity oPcIay, 486 * 

Platinum copper iglicide, 213 

-ditritasilicide, 212 

-dodJbasilicide, 212 

-* fluosilicato, 868 

-f- hemisilicide, 242 * •» 

-monosilicide, 212 « 

-sulphocarb^, 114 

- — thiocarbonate, 129 

——-ammine, 129 

- -(di)Ji29 

-^ (tetra), 129 

tritetritasilicido, 212 i 
1 * 10 ) 101116,713 *' ‘ 

Plinthito, 473 
Plombierite, 300 
Plumballophane, 497 
POchite, 918 
Polyacida, 867 
Polyadelphite, 921 
J’olyargite, 619 
PolyohfDilite, 812 
Polylitliionito, 606, 607 
Polymigiiite^ 869 
Tbiysulphosilicic acid, 987 
Poonalite, 749 
Porcelain asbestos, 420 ,* 

-Bottger’s reil, 471 

-i earth, 472 

-felspathic, 616 

-fritted, 616 i 

--hBrd, <516 

i -Mdrquart’s, 615 

-pioiierties, chemical, 61 

-physical, 610i 

-soft, 616 

spar, 763, 766 
Porcelaiiie dur, 616 

-par devitrificid'oi(. 613 

--.tendre, 616 

Perc^lophite,'’422 
Porpcine, 8K 
Porllte, 921 
Portland cement, 6^ 

Ponella^te, 763 i 
PqKellanspath, 763 
Potash-acmlte, 914 

-anbrtliite, 682, 698, IfK 

• -mica, 606 




Potash'Ziatrolitl, 664 

■-pectolite, 366 

—- -sodfllfte, 683 
- - -thcfmsoiiite, 711 • f . 

^l^)ta>4ium,^UIninium«Urrl|!Sta8iUc(l^, 648 

^-mesotrigilicate, 665 * 

-orthosilicate, 6Jl • 

--—f V™ 

-alyminorthosilioate, 571 


- ammonium auicovanadaroaeoatung- 

^ state, 838 ’ 

-silicovanadatomolybdatea, ^37 ^ 

-j barium ammoniuhi*^ Alicovanadato- 

dicatungstate, 838 

-(hepta) ftctometasilicate, 371 

• —t -ailicodotlecaturiljptate, 878 

-^ ^icovafladatofinneatungfffiAii®, 

• 838 

-beryllium dimitasilicate, 803 

-silicate, 382 • , 

-cadmium triterosilicate, 446 

-calcium aluminium trimesodisilicate, 

* ^746 

-dialuminiuln p^ntaueaodisilicate, • 

•' 747 

-hy^rodimetasilicate, 369 

cl*abazite, 733 

-cuprous dicyanothiocarbonate, 124 

—^— *— tliiocarbonate, 126 

-dialuminium dihydropentamosodisili- 

cate, 748 

-(lialuminohexasilicate, 666 

- dialuminyl orthosilioate, 667 

•-dibarium trimetasilicato, 371 

-dihydrohoxasilicate, 337 

-dihydro-octosilicate, 337 

1 —w^ihydrotetrasilicate, 337 

— dihydrotrialuminotriorthosilicate, 608 
-dimagnesium hydrodialuminotriortho- 

silicate, 608 

-diperhydroxycarbonate, 85 

-disilicate, 336 * 

— -dihydrated, 337 

— - hydrated, 337 , c* ** 

-disilicuzirconato, 864 

-divanadiuni dihydroalurr4notriortho. 

dUicyte, 836 

-ethyl ajS-dithifcf arhonate, 120 

-a-tirJbcarboiiate, 120 

— - -- etjiylxanthate, 119 • * 

ferric aimotasilicate, 914, 919 

-• metasilieate, hydrated, 920 

-^ fluosiKo&te, 94^7 • 

—* gmelinito, 736 
-'I- hannotemo, 767 
t — - heulaudste, 767 

-hdxasilieate, 328 

-hydrodisi^ioat^, 336 

-liftimtti liesdfluotetroluuuuuvi'uuovu* 

^ ihcate, 008 ' 

4 - liyA*otrialiiroinotriortho8iUcate, 

, 608 . 

t-silicate, 337 

magnesium fluosilicites, 963 * 

- — mttasilitate, 407 

^ —(V —- trisilicate, 408 
•H— mephite, 2 . ^ 

—— me^?dioate, 333 e" 

-diliydrat^ 334 

,---hetuibydrated, 333 

-X -monohydrated, 334 



• • 
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Il/bEX* 


Potassium mtrat08ilio8te*346 *, 

(octo) isosilicododecatuiigstate, 873 
—~ silicmlecatungatats, 882 

•s>ticod»docatungstaU», 878 , 

sili^ilwaatungstatc, 882» / 

peaTaealoium •tetraniAhexamataaiW 
• cate, 3|i9 

P®ot»hy*^ilicAlode<f(uiJbly'lKiate, S'ft) 

■ -pentaailicate, 323 * 

-- tetradecaliydrated, 33^ 

—perearbonato, 82 . 

-perdicarbonate, 83, 86 

; perh}fli®:^carbonate, 85 

-I>erthiocarbonate, irfl 

-pyroearbonate, T1 

-silicide, 6)9 • . t 

8ilicodeco4ung8t*te, 882 •* 

-silicozirconate, 854 * s 

-silver silicododMmolybtlate, 870 

——- aodi«» calcium triinotasilieate, 372 

-ferrous titanium orthosilicate, 843 

-silicate, 337 

——- stilbite, 760 , * * 

(tetrisl siliaodbdccamolybdato, 869 

' --tetrahydrosilicodecatuii7i*tate,882 

totrahytlrosilicoijodecatimgHtatc, 

• a • 

-trideouliydrute, ^76 

—-tctrahydrosil icobeuat u ii g h t a 18 , 

882 

■ -tetrasilicate, 328 

-Ihiocarbonato, 122 

-(tri) pentahydrosilicododei'UtimgHtate, 

■“— trialumimum triiuosotrisilicato. 665 
-triboratotetraluniinutotraorthoHihcate, 


I Pseudoaeplieliiie, 569, 570 
I Pseudophillipsite, 736 
l’8<>udiJi)ite, 622 

199 


Psaudosommite, 569, 570 
Piyui^sloatife, 496 
J'tcr(Jiu>„609 , 
Ptilolito,»748 
PuHcnte, 759 * 

, Pur))lo stoia',(167 
PuRelikiuite,.721 
I’ycnite, 560* • * 
Pycnopliyllito. 606 • 
J’yrallolite, 430 
|•lVrargiHite, 8^ 
]iyiiauxita)*498 * 
l^yreneifo, 921 * 

I'yrjom, 817 
Pyromolano, 840 , 

Pyropo, 714, 815 * 
pyrofhyflito, 498 
• - pseudo, 499 
Pyropliysalitc. 560 
Pyrostfcrifti, 609 
I’yrosmalifc', 896 
Pyroxene, 39(^» * • 

-ferQigiuciyi, 912 

' mono(4iuie, Soii 
—■ rhombic, 390 
J'yroxeiicR. 410. 818 
■ — zircon, 857 • 

Pyroxmangite, 917 
Pyrrholite^619 


• 742 X *! 

-trimagnesium dihydrouluminotrioriho- I 

silicate, 608 

-tri|x)rhyiUoxyoarbonute, 85 

-trisilicato, 328 

-ultramaAiie, 589 

5 — zinc silicate, 444 

PotstoiHf 4410 f 
Pottery, 512 

-foAil, 512 • 

Praseodymium ailicododeca4un|tstate, 8Sit 
I^iwilite, W2, 624 % 

Pi^iolite, 812 
Prcgrifttite, 607 


Prelmito, 575, 717 
Pmlmitoiil, 763 
Pndbipium spiriluniaim, I • 
Prisraatioe, 812 
PKiohloritc, 621, 622 ^ 

Pjplectite, 813 • 

Propyl ortliQsilicate, 309 • 
Propylmonosilanic atid, 316 
Proteite, 409 •• 

Protobastite, 399 • * ' 
Protochlocites, 624 ' 

Piotolithionite, 607 • 
Protonontronito, 907 
Pro4osilioic acids, 308 
Protovermioidite, 609 
Pseudobiotite, 669 
PaeudoAnefalii 8()3 
Pseudoeucryptib, 572 
Pseudolaumontite, 740 
Pseudoleucite, 651t « 
Pseudonatrolite, 755,<76 


yuartz, 137, 138 

- amethyst, 138 
aualysos, 242 

~ a-, 240 
— aventurine, 139 
240 

• - oil chemise, 138 

cnfiun6e, 138 
*- ferruginous, 138 

- fietid, 138 

- fused, ‘Mljl 
glass, 288 

■ •A f iticIusioiiH; 2-1.') 

- laiteaux *138 
-%milky, 

- preparation, 237 
I rotjo, 138 

- AAol^y, 138 

- stin^ 138# 

- - yol!o>l', 138 • 
(juavizine, 139 
Quarffttes^ 140 \ 

* -bs ^ 

• /. 

Rac6wmite,%12 
iadauite, 094 
vadiolit^ fi52 • \ 
iadMine, 423 
liitmflXyita, 842 
Mandaniti& 141 
[ianite, 67 ^ 
llapidolite, 702 
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Bare earth fiuoaUicatee, 054 

-silicates, 850 • 

Baatoijite, 000 • • 

Kate of solution gaiHis in ljqui(is,*40 
Ratholite, 300 * 

Rauoliquart/., 138 
Kauile, 573 • 

Kaumiflh, ^2 
Kazoumovakyn, 498 
Koactions^^rroated, 51 
Koaumurite, 354 * 

Reotorite, 402 , 

lied ftitra^arine, 501 
^efdanakite,* ^ 

HeissitCt 761 * * 

Renaaelaorite, 430 

Reatormelito, 500 I 

liotinalito^422 * 

lihaetisite; 458 , 

Rhapliilite, 821 ' 

Hhapjdolite, 762 • 

RhdBilit^473, 921 

Rhodic cmoropoutaiinniiiolltiosilk^to, ii'iS 
* Rhodium thiocirbonftUs 129 * 

.—- ammino, llO 

Rhodochrooia, 622 
Rhodoiiito, 806, 301 

-bfuo, 016 

lihodopliyllito, 622 
Rhodotilite, 804 
RhOnito, 845 
Rhyacolite, 662 
Ribbon micv, 613 


Rioh^te, 301,^16 
“—* 

RicoJiw, 422 ' 

lij.beckite. 39], 013 
Riemamiito, 497 
Rinkite, 844 
Ripidoliio, 621 
Riponite, 763 
Riveraideito, 350 
Rock crystal, 135, 138 
Roeblingit^^, 800 
Roopperito, 386, 000 
JiOttiaite, 032 
vRoai^n cement; 654 
Ro8coelitej'*605, 836 
Kosenbuschito, 855 
Rosaite, 619 
Roeterite, 803 
Rothbr&unstoin, 

Rothofilto, 921 
TiothspatR. 896 
Rothatein, pc' 

RpOleaux, 476 
Rubellan, 609 
RubolUte, 741 
Rubenglimmer, 607 
, Rubicila felspar, 062, 

Rubidium (di} ailioodc 

-diperhydroxyoarl 

-bguoailioate, jl47 

f-metasilicati, 335 

-(osto) silieododeoatungstate, 876 ^ 

---7 peroarbonate, 84 4 ^ 

perbydjoxyoarbona^. 85 ' ^ 

-(tetra) silioododecamolybdate, ^866 

—(A) hydrosilioododecatungstate, 877 

-triperlv<i«>xyc 4 rbonate, 8 ^ 

Ru|>mo di roooa, 715 , 



Ruled^nica, 613 * 
Rumpfite, 624 
Rupert’s drop% 530 
Eutheniumenonosilicide, 
lYacolito, 662 . 




v^ac'imarito, 693 
Sahhto, 390, 409 . 

Salite, 400 
Saipoter, 407 

Salt'j^aze, 514 * ^ 

Samarium silicododertitungstato, 880 
Ssmion ware, 513 • * 

- - MMiflli, 5W ' 
Samoite,s497 ’ 

, Sandstoiu biegaaino, \l0 
Sandstone, flexible, 140 
Sanidine, 662 

-habit, 670 

Sanitcfry wawf 515 
Saphir d’oau, 810 
Saponify*432, 498 
, Sapphirin, 584 
Sapi:^iirinq» 813 
Sapphires, ^86 
Sarcolito, 752 

— du Vioentin, 734 
Sardonyx, 140 
Sosbaihito, 736 
Saualpito, 719 
Sanlosite, 033 
SuiiHSurito, 693 
I Savite, 653 
' Scacfh^, 408 
Scandium fluosilicato, 054 
‘— orthodisilioale, 859 
Scapolites, 762 
Scarboroito, 407 
Schabasito, 720 * 

Schallerife, 836 
Sclialstcin, 354 
Schoflorite, 300, 300 
Schiller, 395 « 

S(hiUor-spai^ 3||^ 

Schillerstein, 392 
Scliist talc, 430 ^ 

' Schizolite, 900 
I SchmJizs^m, 7^3 
Sclmeidorite,*738 
SphOrl, <740, 821 1 - 
eft<hoi4, 821 
—■ blano, 663^. 

- # - A-uciforme,'i900 

-r^ofumnte«on gouttiire, 840 

-spar, white, J62 * ‘ 

-vert dh Daupliin^H 721 

- i volcanic; 7^6 ‘ « »< 

Sch6riitq. 560 « 

8cJ>orloniite, ,714, 830 
Sch^tterite, 497 
Sohuahardtite, 624 
Solmrl, 740 f. » 
Scliwaiybrdunstemere, 896 
Schweizerite, 423 ^ 

Scollcite, 7i9jf.. ' t.' 

-eimmonium, 750 

—r- silver, 760 f. <1 

Scol^te, 575 




Scoloxeros©, 763 
^SoOlopsite, 584 * 
Sooraa, 721 


Scouleroi#, 7^ « 

Searl^Wlp, 448 4 
Seebachit^, 729^ * 
•Seebegk’s colouls, 631 
Seladonite, 920^* « 

SelenatascKWite, 683 
SelenitosJfeUit©. 683 * 
Belenium ultramarine, 596 
^•Sel^fynite, 866 
Semelino, 849 • • 
SepioHte, 420 

- o., 428 

-/?-, 428 • 

para, 428* 

S^olitic aoid, 2*5 
Serbian. 865 


Serondj]^itwyi2 

SerMte, 606 * 


-meta-, 606 

Bericitic }aiea, 470 
Serpentonatiin, ‘^0* 
Soipentine, 420 

-!iobIo, 422 

-precious, 422, 6 

Ser|)entiQic acid, 294 
SiSverito, 496 
Soybortite, 816 
Siiuttuckito, 341 
Shepardito, 392 
Sheridaiiite, 622 
Shirl, 740 
Sliorlite, 560 
Shurl, 740 
Si|eritc, 741 
Sideropliyliito, 605, 609 
Sideroschisolito. 623 
Sideroxiao, 381 
Sigterito, 663 
Sigtcsite, 663 • 

Silane, 210 
Sifex, 14*fc ^ 

-crucifer, 7^6 

Silfborgiitf, 917 
Silica, 230 

-alcogol. 304 • 

alcosolf 304 

Silica eoil^al. 230, 200 
- - ~ otherogel, 304 

-glass, 288 

—•-^iycorogcl, 304 ^ 

-hydrogel, 290 

—^ liydi^sol, 291 
-j— occurrence, 137 
li —properties, chemical 

■-resinous, 141 ^ 

— sulphatogel, 304** 

^-uses, 28^ • ^ ' 

-vitreous, 288 < 

Silica), 233 • 

-acetate, 283 

-J)romide, f33 

-chloride, 233 • 

-formate, 233 

-hj^kon^, 233 

-sulphate, ^3} • ' 

Silioane, 216 * • 

SlUoatee, 304 * ^ 

-oonstitution, 308^ 
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j Silicates nomeJfclature, 308 

— temp, formation, 314 
•Silicic a«id, a*, 295 • 

* 

- ^ * hydrogel,^90 

♦ - - -•hydrosol, 291 

— V - orjauogels,*304 
-acids, 290 

—S riomfcnclatiire, 308 

-• ^Ts^lierhiak’s, 294 

-anhytlrido, 307 • 

filicides, 168 
ftilioiilu^rido!?, IfU 
Silicipropioiutfarhl, 4109 , 

Sihcite, 693 , • 

vSilioitos, 236. 886 
&li^'iuin.*136 j. 
Siliciumwit|ij(>rHllfff, 216 * 

Silfci&refctfS liyiltogcn,4?l() 

Vilicoacelic acid, 3#9 ^ 
Silicoacetyleno, 226 
Silicoaluininidos. 181 * 
.SiIu-otywi^cB, 1^8 
SilH^bcnzojc acid 309 
Sihcobromoforni, 97i> a 
Silicobiitfiiww 
^ilicobutyric and, 216 
Silicocliloroitinn. 960, 968 
Silicoennwi^in^lic nifd. 881 
SilicoellmRe, '22'f. 226 
Silicoetliyleiio, 226 ^ 

Sihcoffuorides, 934, 944 ^ 
Silicofurimc acid, 216^228 ^ 

anJiydridc, 228 
Si)ico}iouutujig.sti(; uci<l, 882 • 

[ Silicohf!xau(| 225 . *, 
p Silicoiedoforin, 982 
Silicoinesoxalic acid, 229 
8iliLtniiothano, 216 
SiUcoinothyl bromide, 979 

- chloride, 970 

Silicomotliyleno chloride, 670 

- bromide, 979 
Silicon, 135 

^ adamantine, 146. 152 
allolrupic form, 145, 157 
• a-, 145, 157 . 

amorphous, 146 

* antiinonide, 188 

* - atomic dislntogratioii, 167 
« • - weigli*. 165 • 

• • J3-, 145, IV 

' Xroniuhydridos, 979 

- - ^roinoJodiAes, 984 
^ bromoiriiodide, 984 

< Idorides, 960 
clu^obromides, 980 
chlordijydri^on. 907 
chloroiodidos, 983 

* — fyprotriiodide, 983 

— colloidal, 15o 

• cryst«Ui^r*44^ 

* ' d^nminotetrafluoridc, 738, 

' y *diBfomq^iodide, jl84^ 

-dibromoBulphide, 989^ 

— dicbktrodiiedide, 983 
-•—^chlbi^sulfih^, 988 

- - •(\xiae, 236» * 

-- nrefiaraliou, 237 

-jtroperties, physical, 

-dioxysftphide, 988 
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Silicon diphoephinetetiachlomo, 965 

-disvUphide, 986 

-toritojdde, 233 ' 

-flaorideif, 034 

-fondu, 184 

— y-.m 

—j- graphitoidol, 148, 162 
-IiemUienadocamminoflhlorotribromide, 

-her^enadaoammindtric8loV)l>?omi(le, 

-heniilienadecamminotr^ljloroiodido, , 

-Iieptedi^notetraBromidb, 978 

-hexamminbtetrakromido, 978 

-hexamminotetrachlorido, 966 

— hietory, 135 


— i^loes, 982 

-a— isotopes, 167 « • 

— monoeulphIBe, 987 • 

'-^ocmrrence, 139 * • 

— oowmminotetrachloride, 966 . 

— -oxychloride, 974 • 

— oxychlorides, i>73 

— oxydialuminatc, 455 • •• 

— oxyhexaluminate, 456 , 

— oxyhydrides, 227 * , 

• oxysulphide, 988 * , 

— passive, 146 _ • * * • 

— pentaraminodjbroinodichloride, 980 

— pentamminodichloroiodido, 983 * 

-- pentitanionide, 888 
-^ho8phat% 835 
kjfhosphatto, 990 

♦ phosphide, 188»« ^ ) 

— phosphinotetrafluoride, 938 

— preparation, 146 

properties, chemical, 160 * 

-physical, 162 

~ subfluoride, 924 

- suboxide, 233 

— - Buboxidcs, 227 

— sulphides, 986 

— sulpliocarbide, 988 
-- sulphodibromide, 989 
•c sulphodiehloride, 988 

— tetrlbromide, 977 

— tetrachloride, 960 , 

-propertiy, chemfcal, 904 

-physical, 903 

-Ibtrafluorido, 934 • 

-preparation, 934^ 

—6; pr^rties, ohemicol„937 
-1-physical, 936 

- totrahydrazinetotraohloridb, ^ 

-tetrahydride, 216 . 

-tetraiodide, 982 . .• 

-tetratritoxide, 228 

►—•transmutation to carbon, 167- 

-tribromoiodide, 984* '• 

-—- triohlorohydro8urplffdo,*988 
—ajtriohloroiodide, 983 i 

-valency, JC3 . * • * 

SilieoH), 231 
Biljoononane, 216 ( 

Suioo‘oxaljp acid, 216, |t9 
Silioopemtane, 226 ' 

Silioephosgene, 973 
Silicophoaphorio acid, 838 
Si^ioapropane, 223 


Silicopyrophosphorio acid, 091 
Silicopyrophivphoryl chloride, 991 
-SUicothiourea, 089 » $ 

*8ilicot(duio acid, 309 ►, g t 
>8ilic^irconam, 85^ • * 

Silicum liquor, 3l7 

• -oleum;|3]*7 • 

Silicyl, 2lf ’ , 

-chloride, 836,973 

—~ metaphosphqte, 990 

-tetraliydrated,.091 

-Bulpliide, 988 • • • 

8ili*e,*216 ' • , 

SUiziumeisen, 198 * 

Sillimanite, 456 • 

SiloxanSlf'227 • 

Siloxen*, 2311 

-- hexabromide, SSI 

-mouobromide, 236 ■ 

-monoiodide, 233 

-tribromide, 233 

SiloxJde-T, 368 

--Z,288 • , » 

Silver akuniniura silicate, 083 

-analcite, 683 

—, chajiasite,*683 

-dialuminyl orthosilicate, 667 

• -diamminometasilicate, 346 

-dinitratotriorthosilicate, 346 

■ — fluosilicate, 960 

- ink, 620 

-metasilicate, 345 

-metasulphosilicate, 987 

-natrolite, 683 

-nephelite, 670 

-gjCratochabazite, 733 

-nitratosilicide, 174 

-(octo) hexasulphosilicate, 987 

-silicododecamolybdate, 868 

-silicododecatungstate, 877 

-orthosulphodisilicate, 087 

-pectolite, 368 

-potassium silicododecjinalyltlate, ^70 

-scolecito, 750 

-silicate, 944 • 

*— Bilicates,f340 

-silicide, 174 ,* . 

-- (tetra) tWrahydrosilicododecatung- 

state, 879 • * • 

—«.l—•tetrahydrosilicododecamolybdate, 
870» 

— rtiiooarkoaate, 125 • * 

• -tthomsonite, 683, 711 

- (tri) pantahydrosilicododecamoiyb- 

• * date, mO 

-filtsamariae, 689 

-ultramarinig, 630 

Silvialite, \(U» 

Sinlaite, 479 ► ' * • 

Sidi^i^Iie earth, 472 
I Swopite, 472 < 

Si^psis, 472 
Sintn, siliceous, 141 
Sismondine, 62U • 

Sismondi^ 620 ► 

^ifirl, 740 
SkiJrl, 82P ; , * 

Sklodoskite, s83 
SlcOrl, 821 ( 

8kc|iolite, 908 
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933 

3mara^» 803 
3iqAi^iie)|82*2* 

Jmollig jocha^i^ 342 
3mecti8,496^ #, 

Smv^tite, 495 I 49 O \ 

Smithsonitpe, 44^ ♦ * • 

Snarumite, 396 ^ 

Soap, mountain, 432 
Soapstone, 427, 430, 4^2 
S^raiite, 916 
So^ anorth^ 698 

-cap^rcianite, 740 • ' 

-glauconite, 920 • 

-•homb^de, 916 

l©ucito,*(y7, 64t§', 649 

-raesolite, 662 

-microclines, 6ft# 

^ Sod^t , ^Bi6l> • 

SSUalito, 580, 682, 

-acetato-, 683 

-arsenato-, 5^3, 836 

•-ar8e»ito-,i688, 836 

-borato-, 683 

-bromato-, 683 ^ 

-bromo*, 683 

-oalciiun, 683 

-bromo*, 683 

-clilorato*, 683 

-chromato-, 683, 866 

-forraato*, 683 

— — hydroxy-, 683 

— hyposulpliito-, 683 
-iodato*, 583 

--iodo*, 683 

♦— leati sulpho*, 683 

-lithia, 683 

-bromo*, 683 

-sulpho-, 683 

-magnesia, 683 

- inetasiffcalo-, 683 

-molybdato-, 683, 871 

-ift(.ra4o-^683 

-oxalato*, 683 

-pfcrchlorato*, 683 • 

-plioflpliato-, 683 ^ 

-potash, 683 \ 

- molyb<lat(i-,%.l 

phosphato-, 68*1 

-sulphato-, 683 

-Bulpho-, 683 • 

selenato*, 68^ • • 

- - sejpnito*, 683 

^— silver sulpho-, 683 ^ 

- strontia, 683 • 

— - - sulphito*, 683 • 

-8uIphohy^)^WplHj-, 681 

-tin suloho*, OM 

-*— tungstato^ 68il* * * * 

-van^ato*, 683 • 

Soda-mesotype, 652 1 

--mica, 608 

.richtento, 916 

-.spodumone, ®13, 6M 

-thomsonite, 7141, 7il ^ 

Sodditb, 883^ . \ 

Sodium ahimlilium arsenili^ilfcate,} 

— -ohibrotfloHhoiilicate, 58z 

-ohromtto|jilic^, 866 

--dimetasiii^te, 643, 644, C 


Sodiuntaluifiimum bydrocarbonatotriortbo* 

' sUicaie, 680 

hydrotrtmetasilicHto, 661 

t - - • Ijj’droj^orthoflilicate, Qjfl 

\ • orihosiucate, 670 
« - 9 hy^ted, 673 

y* -silicomoiybdato, . 

-- Bulplia^lriorthosilioi^, 684 

^ ^ - ' tr&ulpnotriortlioisilic^, 687 
ml^tfiiitiortiiosilicato, 570 
uluininylorthotrisihcate, 7irt 
barium silicate, 37) 

• — lifknyl mesodiHilicak** 8*^ 

- beryll^mihydronu»ao(fii61k*ato, 381 
- -8ilicaUM382 • • 

- borodmiotaadicuU', 448 
( g buroailicato, 448 

oa^gim^uftimmm mOpbaiotriortho- 
* tlllicato4i)84 * • 

- - - lluozi^coi^tosilicHlo, 857 ♦ 

• hydrotrimcUvUluHOc, 307 # 

mnng»#itwe bvdrot rni^t aftlC.4te, 

* • 900 ^ 

- IHUitHmctasilicate. 3(i0 ** 

- - Ijt^piiunj Srthomlifale. 844 
•• - • - zin'(>natosilic%U), 86tS 

^titanoHilicato, 843 

(ri^^l ro jy ziK'onatontPl #•! I i‘'ate, 

• • zinTuiatoii^tasilicatc, 867 

zirconium cnjbrotrimwotrwilicate, 

, • 867 

(*hl<|rotriortho|ill(’aU', 867 
- - - (‘olurnbat^ilicatp. 9*^8 

l oriuni ])lioHphatuKiln?aU\ 836%.^ 
clialfa/.ito, 1^'Atm • ^ 

I'hloroohabazito, 733 | 

fhromic dunetasilicato, 914 
I *• cupric silicate, 341 
I {(li) hoxaliydrosilicododocai ungstate, 

j 

dialuminium ililiydropoutaTm'Hodisili- 
• cate, 748 

-* orthotrisilicate, 053 _ 

- - - pentamcta«ilicato, 747 
-- - tetrametawilicate, 734 
I - • triortliOKilicate, 680, 762 ^ 
dialuntiuyl ortliosilicate, 667 
dihydylrialuminotriortboflllieale, 608 
dioxi<lo*dicarbonate, 86 
* - - tridbrbouato, 86 

iliRilica8e, 336 * 

ferric dmietasilicate, 913 . 

• forr^uR titanium triinota^cate, 843^ 
-- tiianomotasiligi^, ^6 
- ^J|po^.olumbatotitanofrilicall|, 838 
tluosilica^, 947 
gnftlLnite, 7j(6 
^ liarmotomo, 767 

I -* «lieu!anditf, 767 • # 

h 0 ya hy y zirconatodirawotrisui' 

catO, flS6 

X ^xasilicate, 328 ^ • 

^ —ftfiluum siljcaU^ 33^ • 

- ins^^r^ium manganese me|MiUeatef 

* \ % 

K w^—i-^meta^icate, 407 <| ^ 

-•-XnetaeilicAe, dodeoahydrateiL 30)4 

y . -ennealtydrated, 334 * 

— lienahydrated, 334# 

-\eptahydrat©<l, 334 
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Sodium metasilicate, hexahydfitted, 334 

-octohydrated, 334 ” 

-pentahydrate^ 334 • • 

- *-f tetradecahydxatod, • 

—-tetrahydratedj 334 • • I 

-trihydratod, 334 • • 

$ -nitratosilicododocltungetafe, 876*/ 

■ .,876 


■(oetoj siucododocatmigstate, 
orthinilicate, 332 * * 

pentasilicato, 328 * *t * 

percdl:bonato,i84 
perdicarbonate, 86 
Ij^rhydroxycarbuoate, 8? * , 

perhydto^jyperdicaiiwpatl, 850 
porhydrcAypennonpoarbonatc, 85 
' pernionocarbonate, 86 
porthiocarbonato, 130 


itato, 3?2 


- ixitaasiumcalcium tridlktL _ ._ 

—r-•ferrous Ij^aniuirt ortnssiliclitS, 
, 843 , * 

-8Uioate,ii837 • 

*Bqmporhvdroxvc6»carbonate. 84 
»r - silicme, 169 • • • 

— silicodecatungstatc), 882 , 

-silioo-oxalate, 23* 

-silicovcqjadatodecaluugstatc^ blVi 

-silicoziroonate, 866 

- - stHbite, 760 , * 

-strontium silicate*371 *• , 

-sulpliosilicate, 986 • • • • 

--- (totra) dihydxSiilicododocatimgstute, 

876 ^ ♦ 


875 
- - Jsototn 
, state, 


■ahydrobilicododecatung- 
e, 873 


“*“ wlicotwdoeainolybdate, 869 

-^ffirasilicatu, 328,, J 

• a- thiooarbonate, 123 ' 

— *- thiosesquioarbonate, 114 

-titanium dimesotrisilicate, 843 • * 

—— titanyl orthodisilicate, 842 

-(tri) pentahydrosilicododocamolvl). 

date, 870 

Somorvillite, 343, 762 t. 

Sommite, 66 
Souuenstei^, 663 

Soretite, 821 ‘ 

jSoufro carbunS, 94 
—- in)uid,«94 
Spadaite, 368, 420, 428 
Spandito, 714 
Spangite, 736 • 

Spaiiisli sliirl, 468 
Spar chlorite, 020 
*— scliill* 392 

-soda tifcle*. 366 

-• tabulu 364' 

—•- zino, 442 
Spath adWintin, 458 

-en tables, 364 

Soatum Bointyians, 601 
fipecksiein, 429, 430 
Spessartite, 714, 901 
Spheroatilbite, 769 

gphedt#, 840 i , , 

Spheaool^, 746^ 

Sphragid; 472 
Sp^ttgidite, ^2 
Sphragis, 47r 
Spinthq^ 840 
Spiritus 1 

— 7 - eUuitiouSf 1 


Spirit\)flethaie8, , 

-mineralis, 1 

* —sulphurei^, 1, 

-aylvestfis^ 1 

ifpodiopliyUite. 024 
Spodumeud, slo, 640. • 

-5^641 ' 

669.#4>,B43# 

-- y, 64#, etl , 

soda,*643, 693 
Sproustein, 573, 662^ 

Spufhte, 366 
Stalactite, 81 
Stalagirfite, 81 • • 
Stangenstein, 560 • 

Sl^nnic fiuosilicato, 0^5 

-883 • 

-thio^arbdhate, 128 

^ Staimite, 883 • • 

Staunous thiocarbonate, 128^ 
Stanzaite, 458 
Staurolite, 766, 900 

-nfanganojl), 909 

-zinc, 909 

Staurotidica 909 
LSteadite, 835 
^Steargillito. 498 * 
StoStlrgilliV, 498, 62- 
Steatite, 420, 429, 430 
Steoloite, 749 
Steinheilito, 808 
Steiiunark, 472 

-Eisen, 473 

Stellerito, 768 
Stellite, 366 
Sterlingite, 606, 909 
4;)tevensil|^ 430 
Stilbite,^76, 738, 708 

-ammonium, 760 

— anamorphique, 755, 758 

-barium, 760 

-potassium, 760 • 

-sodium, 760 

^-thallo-, 826 

!''Stilpnomelane, 624 
Stirlingite, 909 • 

Stikosite, 88^ . 

.Btolpenite, 498 * 

'stone, baptismal, ^9 
•— buff, 468 

-40^ 

-— dry whiU, 468 

-mild purp4e4468 , 

—pViTple, 467 
L Stoneware, 615 
' StralUslein, 405 i 
Strahlz<feli|^i, 758« 
Strakonitzite, 430 
Strass, 521, ]^2i« 

*Strat9peite, 89^ ^ * 
Striegowite, 623 < 

Sjrdbono^te, 763 
StroB^ aaortnite, 7<. 

-Iqtapar, 662, 698, 7C 

-labradorite, 707 t 

-fiepbellte, 6n 

—• oli^lase, 707 

-.^odaliU, m • 

Strontidm cop^r silioate; 377 


I 


dialuminiujmdiiT^eBOi^riifllicate, 758 
' (^icide, ITS , 





Stroniifkn fiuo8lHcat{i05| 

— hexahydroxythiocarlonato, 12?* 

-lithium silicate, 371 

^anese motasilicatef 85)7 
■“fcat€t367 • 

-moRs>hc^at<Ki, 36^ # ' 

- ortnosiliwt^, 3§3# • ^ 

» —^perfchioc^bonate, lal 
—8ilicododwj%molfixlato,^0 * 

-eo^um silicate, 371 \ , 

~— octoaluminylheptamptasiliortto, 

► —1. tetralwdrosilicodcKlwatunKstate, 

■—^thiocarbonate, 126 
Struverit€%620 * 

Stylobate, 713 * 

SubdelesBite,j!'&4 t • 

♦ SUfcinite, 716 i • 

Suida’s reaction, 204 
Sulphatoallophano, 4)9 
^ .g^Iia»!>Hau>alito. 764 
Smpnatomeionite, 764 
SnlpHhtopotash-sodalite, 583 
Sulphitosodalito, ^83 % 

SulphooarbbnioACiil, 110 
SulphohydroHulphosodabte, 583 
Sulphodead-sodalito, 683 
Sulpholithia-flodaiito, 583 , 

Sulphopotash-sodaiito, 583 • 

Sulphosilicates, 986 
Sulphosilicon, 987 
Rulpho-silver-sodalite, 583 
Sulphothiocarbonic aeiil, 110 
. SuIpho-tin-sodflJito, 583 
Sulphur dioxide aixl CO.,, 32 
Sundvikite, 693 
Sunetono, 663, 693 
Shpersaturation, 49 
Swiss jade, 606 
Syhedrito, 759 
Syntagmatjtc, 831, 822 
Szaboite, 392 
Szechonyiito, ^21 


Tabascliir, J4I 
'^rtnergit^622 
Tisjhytfpiraiito, 84’ 
Tainiolito, 407 
laic. 420 
-?->bleu, 458 

-bluft, 622 

_t_ chlorite, 622 
■#' y ' earthy, 472 
k __— ffranuleux, ^2 

-iron, 431. 

, —— schist, -yo •• 

Talchus, 429 * • * 

Talcite, 606 • 

Talcoid, 430 • 

Taloose slate, 430 
Talaosito, 473 
Talcum, 429 • • 

Talkerde, 472 I 

Tallow dlayf, 442 ^ 
Taltalite,7tr/# , 

Tankite, 693 * 

Tantfdum sUicide, 48% 


[ 

•1 


1 uieuiarKiic 

ISelgstein.^ 

Jelldrivi^ u 

T^l^roite, 1 


• I > 

[ Taramellrto, 1)22 
Tawinawile, 8<»6 
pTaylori^, 495 
Tolemarkile, 715 * 

[el^tein.^#9 • 

ultramarine, 5IK) 

386. 892 V 
T^hrowillemite, 438 * 

T<)(a^itei> 47J • # 

Terbium yljfododooatujigstale, 880 
Torer!te,«619 • 

Termiente, 498 * 

L'l'erra di 920 

—- {iftroelHuoa, 432 
poroellifha*4'ft 
- - sigillttta, 471 • 

vitrescdnlw. 135, 136 
•l'«Ta-co(ta. 514^ 

I 'ljpri|> )i fjirilon,,49tT • 

4 —- veife di \'emno. ^20 

f Tes-solito, 368 * • 

Tetartin, 663 , 

TotrubromoMlane, 977 
3^rtit-hIo%si)ai!e, 960 
^|Bwa<locaohloro}ioxa^an«‘, ^60 
'Mtradvacldoroailano, 97!l 
Totrnd§ua(6iIorofiilicolioxa?u\ 9fl0, 973 
Tetradecai^'drodoejwildeeoxatu^, 232% 
Totroethylnior^i^flant, 216 
TotrHHn<^ikine^934 
'retraKKloKilano, 9^2 # 

: Te(rj|iodoKileno, 981 
j T<‘tra!odoadiccM'thone, 984 
i 'rt4.raio<lo8ilif“oethylelio, 084 
! 'rctraiodoHihcoirH'tliano, 98it^ 

I 'J’otraHilano- 224 
] 'retrasihcafto, 224 # ^ 

*j 'IVtrasiloxanc, 235 
j 'I'pyxjrORilicic <u ids, 308 
I Tbafllckonto, 396 
! I’hnlenite, 859 
I 'J’halito, 432 

f ie, 721 

urn glasses, 826 
- lewdto, 651 ' 

inoHolite, 751 
nitmto-fhabazil-e, 733 
• hilici.lo, IBI". , * , 

^ - Bilicododeratungstale, HHO 

T}mlloanalcit#^826 
Tb<^ocliabazib^ 826 • 
gy'J|mlolencit-e, 8z6 
T^llomcKolil<f 826 
Tbii^natrolit^f^ 826 
Th«9lo8ti]lito, 826 
C’J'bflIlous fluortilieate, 954 
-flili^afe, 826 

^ - Hilicwlorlerfmolybdale, 871 
'I'liuuinasife, 365 • 

'Diewnodos, 740 

* 'J']ior/flbphdIite,422 • 

Thiloricr’sireez^ apixture. 32 
ThiocarbamaCo8ri32 
Thioc^amic acids, 132,^3 
Viiocffoonates, 119 • ^ 

f hiocarl^nic acid, 119, 120 
hj^arb^nxl c^oriVe, 91 
—^^tracnlori(jA92, 110 
—^ tmdchlori(h>, 93 
Thio-corovunds, 119 
Thiolcarb^l^ acid, 119 
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Thiol-oompoundi, 119 . « 

Thlolthlonoarbonic acid, 119 . 

Tlnonoarbomo acid, 119, 

Thion-(9)mpound8, 119 
Xhiopho^ne, 92 • ' f 

Thioraauit«, 693 , 

l^iio-Balta {tee auIpho-ciAtii) 
ThioiauuicarComc acid, 114 
Thomaait#836 4 

Thomaonite, 676, 709 
-hydro, 711 

— lime, 710 

-voti^li, 711 < 

—i»lver,^83, 711 

-soda, 71(tVl • 

Thonsubstana, 473 * 

Thoriam diliydroxyfluoKilioate, 9,56 

-disilioido, 187 , i > 

-siUcates, 869 « , • 

—y BiJicododecatuii^iat|, 880 i 

-- uranyl silicate, §83 ' , 

ThfUgummite, 883 •, 

jjhortvente, 869 
”hraulito, 908 
ThuUte, 719 * , 

Thumerstcin. 911 

Thmnite, 911 ■ 

Thuci^gite, 623 

Tigej’s eye, 913 

Tin pnosphatosUicata, 836 

-«— eilicide, 187 * 

Xinzenite, 900 *• , 

Titane siliceocalcaire, 840 
Titauc augttee, 818 * 

Vitanw, 840 ,« 

—%Ccolite, 840 
a_j— ferro-, 846 4 

XfUniuro disilicide, 186 

-ferrouB sodium trinietasilicate, 84.^ 

-fluosilicato, 966 

-hemisilicide, 186 

-hemitrisilicide, 180 

-silicate, 839 j 

— sodium calcium zirconatosilicato, 868 

-- *- -orthosilicate, 844 , 

-dimesotrisilicote, 843 / 

_ -potassium ferrous orthosiliciite, 

• 8« , 

Titanohedeiibergiio, 910 < 

TiionoUvine, 846 

Titaiiomorphite, 84(l» . « 

Titono^livino, 380 f » 

Tit»Dyl barium meBotriHilicalo, 844 / 

% -c^omm orthoeiHoate, 840 

•-sodiwft barium meeodisilicite, 8^ 

'ftiDOTmcnte, 3 
Tolypite^ 624 

Tomoeite, 897 • '' 


Tourmaline, 740 

-^re, 741 

»— ferrous, 742 

-lithium, W5 

'fourmalinef, alkali, 741, f42 •< 
-j— chibme. 142 m 

-— fprric, 742 , • • 

»T4 1 » 


A., ijiag 

ITourmali 


^rric, 742 , • • 
iron, 741 , 
ma^jp|[f,*741,742 
malinjs acid, 74% 


isubstanz (sec thonsubstanz) 

id, m' • 

- false, 138 

- golden, 662 
-•oriental, UfA 


'Qppbtein, 430 
Toieiulrikit^, 821 
Torcaiiite, 899 
Totaigite, ti3 
Toucl^lr^ 140 


Traverseliite, 400, 416 
Trtg^reoite, 344 

• Travertine, 81 
Tremoljte, 391, 4J4 
Tribft>moiodosilane, 984 
Tribromoeilane, 979, ^80 
'rtichlosmodosilane, 983 
TricbloroTOtljyl suljrhuryls clUoride, ^|9|4 

I Tricldoromethyldith^formio cldoride, 92 
Trichloromothylsulphur chl»rilM*62»«. « 
Trichloromethylsulphurous chloride, 112*' 
Trichlpromonosilane, 216 
Ti'iohlorosilonff, 960, 968* 

Triclasite, 812 • 

Tridymfto, a-, 240 

• —— analyses, 242 

- .-,(9,., 240 
-|8j-, 240 

—— fibrous, 240 

— preparation, 237 
Triothoxymonosilane, 218 
Trihydroxysilane, 227 
Triiodosilane, 962 
Trimerite, 380, 381 
Trip, 740 

Triphane, 640 
TriphoJBee, 709 
Tripoli, 142 
Tripolite, 142 
3'rieilane, 223 

Trisilicane, 223 ^ 

Triterosilicic ocids, 308 
Trithiocarbonic acid, 119, 120 
Troostite, 438 a • 

Tsolieftkinite, 831 
ftchermakite, 664, 698 
Technich6w7ie,l821 
(. Tuesite, 495 •* 

I Tungstatosodalit^^ 683 
Tun^ron^isili^db, 193 
r ,—^hamitrisUioide, 193 

-silicate, 866 

f —^itasilic^^, 194 • 

Tuxlme, 643 
Twraalg, 740 % 

Twinn^r 670 
— Jbife, 87r 

-Bave%o, 67l<^ ' 

I- BrazmaG^i4^ * 

—WO 
—y~I)anphin4, 24b 
—V- manebabh, 671 
—• ^rioline, 671 


• • a 

Bhligjte, 8^6 
Uimte, 718 
Unraraarine, 681 



^tmnmlfcc ammonii^ site 
—amyl, 590 ^ 

I —^ bar^, 6fl0 
—^ benwl, 890’ 

^im,4|KI % 

■ Jum,^9y» 

oaloium, & 

»-athyl, 69»)' 

-ferrous, 69 

-genjMium, 590 ( 

—greOT, 689, 591 

-load, 690 

»-?-))lu6 88A) 

-— vlbl^*8ft0 

-^maugaifeso, 590 

-mercurous, 590 

-native, 43* 

phenyl, 

--potassium, ,589 

-wd, 691 • 

■1^590 
3ver, 689 

-telluriuni, 590 

-violot, 691 , 

-wliito, 

-yellow, 591 

-zinc, 5911 

Ultramarines, silver-, (i 
Ultramariiium, 580 
Ui^liwarite, 900 
Unionito, 720 
Uralite, 420 
Urallite, 822 

Uranium (lisiliimle, 194 ^ 

-fluosilicato, 950 

-silicate, 800 

-silicododecatungstate, 881 

U^nophano, 883 
Uranotile, 882 

^ Uranyl calcium nlumihium wilicutc. 883 

-orthodisilicatc. 883 

-fluosilicato, 950 

-magnesiuffi ortliodiHilicalc, 883 

—— silicate, 882 

-tliofliiin»iJjcato, 8K'« 

Urbanite, 915 
Ui'ethan^nd (JO., 32 
Ussingito, 051 
^Uv^owite, §00 

k •.% 


ijt'eiioritl, . 
ilVerde de Corsicatluro, 822 
JlVen^iUe. 716 
I •VermicdSfle, 600 * 

J VMinioulitfl^476, 6(^ 


VaJife, 609, 624 
ValenoiauiJ^, 663 
Vartievite,''8l6 


, 583 



Vci)§dat(M)odalite, 
i^anadic augites, 

Vanadiolaumon^jW, 79^ ^ g 
^toadium (di^potasj^in di^l^ftalummo- 
triorthosili^tef 3^0 • ^ ^ 

-disilicide, 189 * 

-fluonjicate, 955 • 

-hemisilicide. 189 

—-laioa, 836 
Vanadyl fluosilkate, 9#5 

--aUicate, 837 | 

Vanuxemfte, ^ 

Vargasite, 4.19 ,» . - 
Velardenite, 692, 728* 

Vmaaqufte, 620 


! V'e»^vian, 120 % 

i V'esuvijlut^, 

! -- niiii)^no, 720 

V'ictorite, 392 
yiellaurite, 899 
VM'rzfjnKc. 4?2^ 

ViU)emitc, 43 # • • 

Villorsito, 388 • 

Viluitc, 726 

V^i^loJ ultr||iiari^e, 19 I , 

^'inde mtit^.anum, 343 I 
^'iridite. 622 , 921 • • 

Vitra**lacrj'in 4 ‘, 530 , 

Vitrois guttis, 530 * 

VitroiMl, 2 f 88 * . 

Vdiram fioxihlo, 520 
• C - muijcoviticum, 0 (W 

816 

Vogtite, 899 ^ 

N'oigtite, 609 
Volcauite, 84 “ * 

VorobyntHo, SOj • 

U 

WrtKloiiheimiU', 821 
Walkordo, 4 flB , 
•VVnlken'rtlo, 496 
WalkoriU', 366 , 496 
WalllCtion, 490 
Wallcrinn, 390 . 9821 
Waluewite, HIO 
WntQT'hartl, 78 

'* • in nature, 81 
^ soft, 78 , 79 

• softening, 79 

- Clarke’s process, 79 

• lime process, 79 * 

I* - - soda proi (^hs, 79 

- sod^jime process, 80 
I'Wat^-glaKfl, .317 

i pru|)ertie 8 , 19 
•-uses, 324 • 

Weft^Fyito, 423 ^ 

Weh^te, 91 ^ 

WoinHergite, 645 
Weisscr^^e, 921 
Vfeissigite, 063 g 
Weiiwite, Ofe • 

Wellsite, 738 
V omcflUe, 619 , 7 (i 3 , 913 
Weutanite, ifeO, 45 %.i 500 
Wliite ultraniafiif^ 591 , 594 
VV*ilh^n V. 4^6 , 

Wilkeit#, 890 * 

Ilcoxite, 609 


miIoraite,*43 , . 

IWliBrMite, 422 ,% 
Wil»«m\.’619, 763 
Wiluite, 72tt 
“'•-chito, 8l^ 


1«89 






Winkworthlte, 461 
Witliamite, 721 
Wittingite, 897 
Wodaeite, 609 * 

WOhletfte, 866, 858 , 

WoUastonite, 364, 390 

-0-, 364 a 

* —354# 

—l*e#do, 364 , 

Woroby^te,*803 
Woroby^wite, 803 


Xanthic acicf, ft 9 * 

Xanthitano, 840 
Xanthogenainide, 120 
Xanthogpnic dcid, 119' 
Xantbanto, 909 c 
^Iftuithophyllite, 819 
‘Tipnclito, 466 * 


69/9<ii 
83* ’ 


10)1^,821 
-'•“Xonotliio, 360 
Xylitb, 826 « 
Xyloohloro, 368 
Xylotile, 84!6 


^anolite, 911 * 

Yellow nitramarit#, 591 , 

Yonite, 918 

Yttorbiumisilicododofatuiigstato, 880 
, Yttita garnet, ,“21 
VlfajllDi fluosflioBto, 964 
f —^ silicate, 849 » ^ ll 
6 — silicododecatungstate, 880 
Yttrotitanite, 831 


Z 


Zaniboniiiite, 907 
Zeagonitm 711 
Zobedassite, 812 
Zeolilization, 646 
Zec'ite en cubes, 729 

-llbKms, 758 

-foliated, 758 , 

-itiangano-, 901 

-mealy, 768 ' 

-- beetle, 768 

^ -of Breisgau, 442 

- radbatod, 768 ' 

Zeolites, ,p4 'w,. 

r — 0%; mlaris, 052 ' . , 

■-crystalli ad eeiitrujif tondwites, 

•-cfystallisatus, 052 • 

— lanuneliaris, 768 
e»-—siprismatious, 062 , 

Zeolithe cubiqoe, 044,- 

-dur, 644 

—effioresoepte, 738 , 

' -leuoitiquf',*644 ' 

-fbuge d’Aedelfore, 738 

f^golithus crystallisatiA civ)icus,'729 
'-lamellaris, 368 >' 
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Zaop^llite, 36a 
ZermSttite, 423^ 

Zenxite, 741 
Zillerthite, 41^ 

Zinc ammanometasUicata, 

-— a»orthi4e, 698 t, a tr 
—|Oadmiufn <Uh3idfomeCMlica^, 44t 

-calcium (di/ orthodisilfcate, 444* 

l_— cobaltf^08il§atOrt033 

— dia^mmothimrbonate, 12L 
—— dihydroxydisiiicate, 442, 443 

dihydroxymctaflilicate, 443 

-fayalito, 906, 909 # 

-—felspar, 662 r 

‘—ferrous dr^iiosilicate, 909 

-fluosilicate, 958 

ft —* gjfiw, 442 f 

-•lesKf-oxydisiliefete, 88^ 

-lifiiium silicate, 444 

-manganese di^^droxyorthosilicate, 

894 • 

-metasilicate, 440 

-nickel silicate, 933 

■ 0 —orthosi^cate, 438 , 

-monohydrattrtlfr442,«443 

- F^oxysilicate, 441 

-potassiurn^ilicate, 444 

"rs* siligate, 438 

-silickio, 182 

•-fiilicoarsenides, 188 

-silicododocamolybdate, 871 

- - silicododocatiingstate, 879 
-spar, 442 

-staurolite, 909 

— sulphosilicate, 987 

— sulphosilicido, 182 
thiocarbamate, 132 

--^’*iocarbonato, 127 

-trisilicate, 444 

-ultramarine, 690 

Zincuin naturale calcifomic, 442 
Zinkgloserz, 442 
Zinkspath, 442 
Zinnwaldite, 004 
Zircon, 840 

— ~ - pyroxenes, 857 

Zirconium dib/droxytnortlvosiiicti^e, 846 

-disili^d^ 186 

—fluosilicate, 956 
-octohydroajdiorthosilicato. 847 

- — orthosili^ciie, 848 ' ^ * 

— ^ium calcium chlorotrimesotrisili' 

^ cate, 867 

-I- ^ chlorotriorthoBilicatei’ 1^57 

.rt— - -- columbatosilicato, 858 

-(in) oeto’ithiuni pontorthoailicato, o64 

ifirkftite, 855 •, o 

Z0blfbKil«, 423' a 
Zoisite, 749 

-o-, 7«Q,- 

—aluminium, 720 “ 

iron, TiOO 
Z^ochlorite, 718 
Zim^ ite, 586 
Zurlite, 7fi2 , 

ZjpTipdte, 416 
Zyyadite, 663 
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